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1. INTRODUCTION
1.1 PURPOSE

This document contains the specification for the National Integrated Services Digital
Network (ISDN) basic rate user-network interface between the 5ESS® switch and the
standard terminals. This interface includes the physical layer, the data link layer, and
the network layer for the basic rate interface (BRI).

Terminal manufacturers who design customer premises equipment (CPE) to support
the complete set of services, or a subset of services, offered by the 5ESS switch
National ISDN BRI must use this document as their source for the interface
requirements. These services may be offered for basic voice, supplementary voice,
circuit-switched data, or packet-switched data (both permanent and on-demand).

When processing a service order, the 5ESS switch marks a National ISDN BRI as
"standard.” The switch supports one to eight terminals, including any mix of standard
fully initializing terminals (FITs) for circuit-switched voice (CSV), circuit-switched
data (CSD) and packet services, and standard noninitializing terminals (NITs) for
on-demand B-channel (ODB) packet and permanent packet D-channel (PPD) services.
FITs and NITs are described in Section 6, "Terminal Initialization."

1.1.1 USING THIS INTERFACE SPECIFICATION

This specification should be used as the source of complete details on this standard
interface to clarify the implementation of the switch and the interpretation of
technical reference (TR) requirements. These details describe the 5ESS switch
offerings in terms of the support of NI-1, NI-2, and NI-3.

National ISDN is an evolving platform in which new features will be introduced
continuously for new revenue opportunities, for improved operational efficiencies, and
for support of specific applications. NI-1, NI-2, and NI-3 represent specific features, as
documented in Bellcore SRs 1937, 2120, and 2457. To denote more specifically the
availability of National ISDN features, such as NI-95 and NI-96, the industry is
migrating to an additional terminology. A feature (NI-96, for example) is included in a
specific version if the switch vendors can offer it by the first quarter of the year.

Beginning with the 5E12 software release, 5ESS switch supports the protocols and
services defined by Bellcore for the NI-3 standard interface. This specification covers,
over and above the NI-3 services, additional supported services that require the use of
NI-3 protocols.

NI-3 is a set of features offered on the standard user-network interface by all switches
that vendors have designed for support of NI-3. NI-1 provided a standard protocol
with little attention to the many vendors’ various feature operations. NI-2 provided
standardized operations for a number of features, based on their respective Bellcore
TRs. These features are Additional Call Offering, Call Forwarding, Electronic Key
Telephone Service (EKTS), and Flexible Calling. NI-3 includes support for additional
features including Inspect, Call Appearance Reservation, Priority Calling for EKTS,
and Parameter Downloading Type 2 to support the new EKTS capabilities.

This interface specification is expected to change as requirements and standards
evolve. Therefore, Lucent Technologies reserves the right to change or delete any
portions of the document, or to add information in future issues.

NOTE: LUCENT TECHNOLOGIES EXPRESSLY DISCLAIMS ANY WARRANTY
AS TO THE ACCURACY OR COMPLETENESS OF INFORMATION
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CONTAINED IN THIS DOCUMENT, AND ASSUMES NO RESPONSIBILITY
FOR THE USE OF THE INFORMATION BY OTHERS.

1.1.2 THE ALTERNATIVE INTERFACE—CUSTOM ISDN BRI

The 5ESS switch supports, in addition to this National ISDN BRI, distinct ISDN
protocols and services defined for its Custom ISDN BRI. That user-network interface
supports both point-to-point service and multipoint service. Complete information on
the Custom ISDN BRI is provided in document 235-900-343, 5ESS Switch Custom
ISDN Basic Rate Interface Specification.

1.2 UPDATE INFORMATION
1.2.1 NEW IN THIS ISSUE
The following changes have been made for this issue:

e To reflect that the 5ESS switch will accept an invoke ID of one or two octets in an
Invoke component, the following elements of this document have been changed:

— Section 4.1.3.5.5.2, “Invoke Identifier”

— Section 7.1.1.10.1, “Invoke IDs in Components Received by the Switch”
— Section 7.1.1.10.2, “Invoke IDs Used in Components Sent by the Switch”
— Section 7.1.3.5, “Protocol Error Treatment.”

e To reflect that ISDN Feature Button Intercom Calling is not supported on the
National ISDN BRI, Section 5.2.1.21.1, “Overview of EKTS Features,” and Section
5.2.1.21.3.2, “EKTS Group,” have been revised, and two process flow diagrams
under the figure name “ISDN Feature Button Intercom Calling” have been
removed.

» To reflect support of the 4-digit carrier identification code (CIC) used in a 7-digit
carrier access code, the following elements of this document have been changed:

— Section 4.2.1.2.4, “Keypad Equivalent of Functional Addressing without
Dialing/Routing”

— Table 4.2.1-1, “Keypad Equivalent of Functional Addressing without
Dialing/Routing”

— Table 5.1.1-1, “Keypad Equivalent of Functional Addressing with Private
Dialing”
— Section 5.2.1.10, “BRI Access to Interexchange Carrier Services.”

» Section 4.3.2.8, “Always On/Dynamic ISDN (AO/DI),” has been added to describe
support of the AO/DI feature.

e Section 5.2.1.43, “Private Facility Access,” has been revised to reflect that toll-free
numbering plan areas (NPAs) are not limited to the 800 prefix.

Where technical content has been changed, vertical bars in the outer margin mark the
affected pages.

1.2.2 LUCENT TECHNOLOGIES

As a result of the AT&T divestiture, the AT&T Network Systems division became
Lucent Technologies, a separate and independent corporation. The 5ESS switch and
many other network and transmission products became products of Lucent

Page 1-2 Issue 6.00
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Technologies. The marketing, sales, engineering, delivery, installation, support, and
future development of these products are now provided by Lucent Technologies.

Therefore, the corporate name and logo on this document’s cover, spine, and title page
are changed from the AT&T brand to the Lucent Technologies brand. The AT&T name
is being removed from the content (where appropriate), as well as from the 9-digit
document order number.

Not all pages of this document are being reissued to make these changes; instead, the
pages will be reissued over time, as technical and other changes are required.
Customers on standing order for this document may see references to the AT&T name
on previous-issue pages. Customers receiving new orders for this document will see
the references changed to the Lucent Technologies name throughout the document as
appropriate. Exceptions may exist in software-influenced elements such as
input/output messages, master control center screens, and recent change/verify
screens. These elements will not be changed in this document until such time as they
are changed in the software code.

Document updates will not be made specifically to remove historical references to
AT&T, especially in cases where the Network Systems division of AT&T, now Lucent
Technologies, provided the product or service in question.

1.2.3 SUPPORTED SOFTWARE RELEASES

In accordance with the 5ESS Switch Software Support Plan, the 5E10 software
release was rated Discontinued Availability (DA) as of November 13, 1998, and the
5E11 software release will be rated DA as of November 13, 1999. The information
supporting 5E10 and earlier is being removed over time, instead of concurrently, from
all documentation.

If you are supporting offices that use a software release prior to 5E11 and have a need
for the information that is being removed, retain the associated pages as they are
removed from the paper documents, or retain the earlier copy of the CDROM.

1.2.4 TERMINOLOGY

This 5ESS switch document may contain references to the 5ESS switch, the
5ESS-2000 switch, and the 5ESS AnyMedia Switch. The official name of the product
has been changed back to the 5ESS switch. The documentation will not be totally
reissued to change these references. Instead, the changes will be made over time, as
technical changes to the document are required. In the interim, assume that any
reference to the 5ESS-2000 switch or the 5ESS AnyMedia Switch is also applicable to
the 5ESS switch. It should be noted that this name change may not have been carried
forward into software-influenced items such as input and output messages, master
control center screens, and recent change/verify screens.

As a result of the World Telecommunications Standardization Conference held March
1-12, 1993, the International Telegraph and Telephone Consultative Committee
(CCITT), no longer exists as an organization under the International
Telecommunication Union (ITU). According to the ITU, the CCITT is now referred to
as the International Telecommunication Union - Telecommunication Standardization
Sector (ITU-TS).

For new and revised Recommendations issued by the ITU-TS, the term "CCITT
Recommendation X.xxx" will be replaced by the "ITU-T Recommendation X.xxx"
designation. For a transition period from 1993 to 1997, if the Recommendation had a

Issue 6.00 Page 1-3




INTRODUCTION 235-900-341
October 1999

previous CCITT designation, the new name will include "(formerly CCITT
Recommendation X.xxx)." Names of existing CCITT Recommendations will not change
unless revised.

As of March 18, 1999, Bellcore officially changed its name to Telcordia Technologies.
Not all pages of this document are being reissued to reflect this change; instead, the
pages will be reissued over time, as technical and other changes are required.
Customers on standing order for this document may see that, on previous-issue pages,
the Bellcore name is still exclusively used.

Customers receiving new orders for this document will see the Telcordia Technologies
name used as appropriate throughout the document, and the Bellcore name used only
to identify items that were produced under the Bellcore name. Exceptions may exist in
software-influenced elements such as input/output messages, master control center
screens, and recent change/verify screens. These elements will not be changed in this
document until such time as they are changed in the software code. Document updates
will not be made specifically to remove historical references to Bellcore.

1.3 ORGANIZATION
The content of this interface specification is organized as follows.

1.3.1 ABOUT SECTION 2, PHYSICAL LAYER
Section 2 section consists of the following subsections.

1.3.1.1 About Section 2.1, S/T Interface

Section 2.1 describes the S/T interface, which is used typically for intrabuilding
applications when the distance between the switch and the terminals cause less than
6 dB of loss. The S/T interface is consistent with ITU-TS Recommendation 1.430 and
with ANSI* standard T1.605-1991. The S/T interface supports point-to-point and
multipoint interconnections. If the user is served by a U interface from the switch,
then an S/T interface terminal requires a network termination equipment, NT1, to
connect it to the U interface. The S/T interface has an aggregate rate of 192 kbps.

1.3.1.2 About Section 2.2, ANSI/ U Interface

Section 2.2 describes the 2-wire U interface, which is used typically for longer
distances and for applications where connection between the switch and the terminals
include an outside plant cable. The U interface is consistent with ANSI standard
T1.601-1991 for domestic use, and is under study by the ITU-TS for international use.
If the user is served by a U interface from the switch, then an S/T interface terminal
requires a network termination equipment, NT1, to connect it to the U interface. The
U interface has an aggregate rate of 160 kbps.

1.3.2 ABOUT SECTION 3, DATA LINK LAYER

This section describes the proper operation of the link access procedure on the
D-channel, based on ITU-TS Recommendations Q.920 (1.440) and Q.921 (1.441). The
specification includes all essential data link layer functions such as frame delimiting,
error detection/recovery, and flow control. More specifically, it supports point-to-point
and broadcast data links, modulo 128 operation, automatic and manual assignment of
terminal endpoint identifier (TEI), exchange identification (XID) audit, and parameter
notification. The last two items are extensions that are not covered in the 1988
ITU-TS Recommendations. Multiple D-channel signaling and packet links are

1. Registered trademark of American National Standards Institute.
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supported for custom multipoint operation and standard BRI operation and are
identical for standard and custom operation.

1.3.3 ABOUT SECTION 4, NETWORK LAYER—BASIC CALL
Section 4 consists of the following subsections.

1.3.3.1 About Section 4.1, Message Definitions

This section defines all network layer messages used on the standard interface in this
specification. The information elements used with each message are identified, and
the coding rules and call control states are defined.

1.3.3.2 About Section 4.2, Basic Call Control for Circuit Mode Voice and Data
Services

This section describes the procedures for establishing, maintaining, and clearing basic
voice connections on a standard BRI. These procedures are defined in terms of
messages exchanged over the D-channel. The messages are based on Bellcore NI-1,
NI-2, and NI-3 documents and TRs.

Specification description language (SDL) diagrams are included for a description of the
call control procedures, as viewed from the user side, for both call origination and
termination.

1.3.3.3 About Section 4.3, Packet Services

This section specifies the call control procedures for packet transport mode data calls.
Both the B- and D-channels support on-demand packet transport mode and
permanent packet transport mode.

Packet transport mode connections for permanent B- and D-channels are established
through the service order process (that is, provisioned). B-channels for on-demand
packet transport mode are established using Q.931 procedures, consistent with
Recommendation X.31. D-channels for on-demand may also use Q.931 procedures to
terminate packet calls for noninitializing terminals. Virtual calls are signaled through
X.25 procedures at the network layer on the permanent or on-demand connection.
Permanent virtual circuits are established through the service order process and are
supported on permanent B- and permanent D-channel connections. At the data link
layer for packetized data, link access procedure-balanced (LAPB) is used on the
B-channel and LAPD is used on the D-channel.

On packet transport mode connections, the network provides all essential X.25
facilities. Also available are additional X.25 and non-X.25 facilities.

The SDLs are included for a description of the call control procedures, as viewed from
the user side, for both call origination and termination.

1.3.4 ABOUT SECTION 5, NETWORK LAYER—SUPPLEMENTARY SERVICES
Section 5 consists of the following subsections.

1.3.4.1 About Section 5.1, Common Protocols and Procedures for Voice and Data
Services

This section describes the generic call control procedures for invoking supplementary
services (for example, dial access procedures and feature button usage to invoke call
forwarding or centrex-like business group features). It describes the terminologies
(such as network determined busy) that apply to many of the supplementary services.
It also describes the stimulus signaling protocols (that use feature buttons and access
codes).
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1.3.4.2 About Section 5.2, Supplementary Voice Services

This section describes the procedures used for the voice services. The procedures are
defined in terms of messages exchanged over the D-channel. The messages and
procedures are built on those specified in "Message Definitions," Section 4.1, and
"Basic Call Control for Circuit Mode Voice and Data Services," Section 4.2,

The SDL diagrams are included for a description of the call control procedures, as
viewed from the user side for conference, drop, transfer, hold, and key systems.

For 5E11, the Inspect feature was added.

1.3.4.3 About Section 5.3, Supplementary Data Services

This section defines procedures for supplementary data services for circuit transport
mode calls. The data services constitute a subset of the supplementary voice services.
The procedures, defined in terms of messages exchanged over the D-channel, are
mostly identical to the procedures defined for voice services; exceptions are noted in
the text. The procedures and messages contained in this section use those of "Message
Definitions," Section 4.1, and "Basic Call Control for Circuit Mode Voice and Data
Services," Section 4.2, as a basis.

1.3.5 ABOUT SECTION 6, TERMINAL INITIALIZATION

This section defines the protocol and procedures for initialization. The endpoint
initialization procedures are needed for some service configurations on a standard
BRI.

1.3.6 ABOUT SECTION 7, COMMON ELEMENT PROCEDURES FOR SERVICE
CONTROL

This section describes a functional mechanism for the user and network to exchange
supplementary service information for service control. There are four components
defined for this control. The components are a structured sequence of octets used to
carry service-specific information in both the terminal-to-network and the
network-to-terminal directions.

1.4 USER FEEDBACK

The producers of this manual are constantly striving to improve quality and usability.
Please use the enclosed user comment form (available in paper documents only) to
give us your comments and to advise us of any errors. Alternatively, you can write to
us at the following address:

Lucent Technologies
Documentation Services
2400 Reynolda Road
Winston-Salem, NC 27106

Please include the issue number and/or date of the manual, your complete mailing
address, and telephone number. We will answer all correspondence within 30 days
informing you of the disposition of your comments.

You may also call our Documentation HOT LINE if you need an immediate answer to
a documentation question. This HOT LINE is intended to enhance the comment
process. The HOT LINE number is 1-800-645-6759 and it is available from 7:30 a.m.
to 6:00 p.m. eastern standard time. Outside of those hours, the line is served by an
answering machine. You can leave a message on the answering machine and someone
will return your call the following business day.
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Document users who have access to electronic mail facilities may send comments via
electronic mail to hotline5@wrddo.lucent.com . When sending comments via electronic
mail, please make sure that the document title, document number, document issue
number, and/or document date are included in the mail along with your name, phone
number, and address.

1.5 DISTRIBUTION

This manual is distributed by the Lucent Technologies Customer Information Center
in Indianapolis, Indiana. Most service providers should place orders through their
documentation coordinator. Some companies may allow customers to order directly
from the Customer Information Center; however, the majority do not. Companies that
use documentation coordinators to manage their orders receive a significant discount.
If you do not know the name/number of the documentation coordinator for your
company, you may call 1-888-582-3688 to obtain their name and telephone number.

Customers not represented by a documentation coordinator and employees of Lucent
Technologies can order the documentation for the 5ESS switch directly from the
Customer Information Center. Proper billing information must be provided. These
orders may be mailed to:

Lucent Technologies Customer Information Center
Order Entry

2855 N. Franklin Road

Indianapolis, IN 46219

Orders may also be called in on 1-888-LUCENT-8 (1-888-582-3688) from within the
continental United States and on +1-317-322-6847 from outside the continental United
States. Orders may be faxed in on 1-317-322-6699.

1.6 TECHNICAL ASSISTANCE

Technical assistance for the 5ESS switch can be obtained by calling the North
American Regional Technical Assistance Center (NARTAC) at 1-800-225-RTAC. This
telephone number is monitored 24 hours a day, 7 days a week. During regular
business hours, your call will be answered by your local NARTAC. Outside of normal
business hours, all calls will be answered at a centralized technical assistance center
where service-affecting problems will be dispatched immediately to your local
NARTAC. All other problems will be referred to your local NARTAC on the next
regular business day.

1.7 ACCESS ARRANGEMENTS AND INTERWORKING

This section describes channel configuration and directory number (DN) assignments
for basic access arrangements and the interworking supported by this interface
specification.

1.7.1 CHANNEL CONFIGURATIONS

The standard BRI supports voice, circuit switched data (CSD), and packet-switched
data (PSD) services. The PSD services can be either permanent or on-demand. The
PSD assigned to a B-channel means that the B-channel is permanently connected to a
packet handler.

Table 1-1 provides an overview of the voice, data, and packet services that may be
assigned to a terminal on a standard interface. This table presents some, but not all,
of the allowed combinations. Once a configuration is chosen, the assignment of
channels for given services is fixed. If alternate services are allowed, for example,
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voice/CSD on one channel (see Configurations 10 through 14), selection of service is
done on a call-by-call basis.

For Configurations 1 through 7 wherever voice/CSD are given, the B-channels
assigned are fixed at service order. However, for Configurations 10 through 14
wherever voice/CSD are described, the B-channel is assigned on a per-call basis.

For example, if a customer has subscribed to Configuration 7, that customer will have
B-channels assigned and fixed at service order, that is, B, will be assigned to voice
and By will be assigned to CSD at service order. To change the B-channel assignments,
a switch recent change is required before B-channel "y" can accept voice calls and
before B-channel "x" can accept CSD calls. This recent change is similar to a recent
change for adding a line feature for a customer or changing a customer speed call list.

As another example, if a customer has subscribed to Configuration 13, that customer
has subscribed to voice and CSD on B, channel. The B, channel is an allocatable
resource, and since consecutive calls can have different bearer capabilities that are
specified only at call setup, the customer may set up voice or data on the B, channel.
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Table 1-1 — Channel Configuration Alternatives for a Terminal on a Standard

Interface
CONFIGURATION B¢ B, pP d

1 a a PPSD
2 Ccsv a (PPSD)
3 CSD a (PPSD)
4 PPSD a a

5 CsVv CSsVv (PPSD)
6 CSD CSD (PPSD)
7 CcsVv CSD (PPSD)
8 Ccsv PPSD a

9 CSD PPSD a

10 CSV/CSD a (PPSD)
11 CSV/CSD CSV/CSD (PPSD)
12 CSV/CSD CsVv (PPSD)
13 CSV/CSD CSD (PPSD)
14 CSV/CSD PPSD a

15 CSV/CSD OPSD/CSD (PPSD)
16 CSD/OPSD OPSD/CSV (PPSD)
17 CSD/OPSD OPSD/CSV/CSD (PPSD)
18 OPSD OPSD (OPSD)

Note(s):

[(1.2),(2,1)].

a. No service assigned; however, D-channel must always be active.
b. PPSD = Permanent packet-switched data
OPSD = On-demand packet-switched data
c. The values of x and y are an ordered pair chosen from the two element set: (x,y) =

d. The parentheses around PPSD and OPSD mean that permanent/on-demand
packet-switched data service on the D-channel is optional.

Table 1-2 describes the possible channel configurations for a single terminal operating
in a passive bus arrangement with multiple terminals on the same digital subscriber
line (DSL). Each terminal may have this configuration.
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Table 1-2 — Channel Configuration for a Terminal with Other Terminals on the Same
Standard Interface

USER SUBSCRIPTION OPTIONS ?
BEARER SERVICE NUMBER OF SUPPORTED ON SUPPORTED ON
B-CHANNELS D-CHANNEL B-CHANNEL
ALLOWED
\oice 0-2 NO YES
Circuit-Switched 0-2 NO YES
Data
Permanent 0-2 YES YES
Packet-Switched
Data
On-demand 0-2 YES YES
Packet-Switched
Data

Note(s):

a. When a particular bearer service can be supported on only a single B-channel
(cannot have two simultaneous B-channel connections on the same BRI for that
bearer service), that bearer service must be capable of operation on either
B-channel (that is, B1 or B2). The PPSD presents an exception to this rule since it
is always assigned to a particular B-channel, and no other bearer service can be
assigned to the same B-channel as PPSD.

1.7.2 DIRECTORY NUMBERS

Terminals can have one or more DNs depending on the services subscribed to.
Terminals designed to operate on a standard interface are required to know either
their calling DN for terminal identification within call control procedures (NITs) or
their service profile identifier (SPID) for terminal identification through initialization
procedures (of FITs). If the user also subscribes to packet-switched data service, a
separate packet-switching DN may be used. If the user subscribes to data facility
pooling service, one DN is needed for each type of modem pool to which the user
subscribes.

If the terminal belongs to a multiline hunt group for packet-switched service, a group
DN (or a range of contiguous DNSs) is needed for the entire group. In addition, an
individual member may opt to have its own DN. If the hunt group is for
circuit-switched service, there is one DN for the entire group to share. An individual
member may also opt to have its own DN.

1.7.3 INTERWORKING

The 5ESS switch equipped for ISDN supports intra- and inter-ISDN switch
connections, as well as connections to non-ISDN networks. The switch can interwork
with existing analog lines and analog trunks. It can connect with the direct distance
dialing (DDD) network, 56-kbps circuit-switched data networks, and X.25
packet-switched networks. If transit networks are involved, the switch will support
interexchange carrier selection and preselection for both data and voice calls.
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2. PHYSICAL LAYER

This section defines the Layer 1 characteristics of the user-network interfaces for
Integrated Services Digital Network (ISDN) basic access. This section consists of two
major sections. "S/T Interface," Section 2.1, defines the interface at the Sand T
reference points: between the ISDN terminal equipment (TE) and the Network
Termination Type 1 (NT1), between the TE and the NT2 (for example, PBX), and
between the NT2 and the NT1. “ANSI* U Interface," Section 2.2, defines the
ANSI-Standard interface at the network side of the NT1.

1. Registered trademark of American National Standard Institute.
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2.1 S/T INTERFACE

This section defines the Layer 1 characteristics of the user-network interface to be
applied at the S- or T-reference points for the basic interface structure defined in
ITU-TS Recommendation 1.412. The reference configurations for the interface are
defined in ITU-TS Recommendation 1.411 and are reproduced in Figure 2.1-1. The
definitions and characteristics of the functional groups are also provided in ITU-TS
Recommendation 1.411. A notation of the "U" reference point has been added.

This section is intended to provide for general compliance with all provisions of ANSI*
Standard T1.605-1991 and ITU-TS Recommendation 1.430 that are essential to the
satisfactory interfacing in point-to-point and point-to-multipoint interconnections of
TEs and NTs that do not provide for activation/deactivation. However, compatibility
with TEs and NTs that conform to all provisions of ANSI Standard T1.605-1991 and
ITU-TS Recommendation 1.430 is assured.

The individual departures and limitations of options of this section from the provisions
of ANSI Standard T1.605-1991 are described in "Summary of Limited Options and
Departures from ANSI Standard T1.605-1991," Section 2.1.6.12.

S T U isai
a) TEL } NT2 } NT1 } Transmission
line
R S
b) TE2 | TA |
| | NT1 - Network Termination Type 1

(device which terminates only layer 1)

NT2 - Network Termination Tyﬁe 2
(device which may terminate higher layers)

. TE1 - Terminal Equipment Type 1
Reference point (provides an ISDN user-network interface)

TE2 - Terminal Equipment Type 2
(provides a non-ISDN interface)

TA - Terminal Adaptor
(adapts a TE2 to an ISDN interface)

Functional group

Figure 2.1-1 — Reference Configurations for the ISDN User-Network Interfaces

In this section, the term "NT" is used to indicate network terminating Layer 1 aspects
of NT1 and NT2 functional groups, and the term "TE" is used to indicate terminal
terminating Layer 1 aspects of TE1, TA, and NT2 functional groups, unless otherwise
indicated.

1. Registered trademark of American National Standard Institute.
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2.1.1 OVERVIEW OF S/T CONFIGURATION AND OPERATION
2.1.1.1 Service Characteristics
2.1.1.1.1 Services Required from the Physical Medium

Layer 1 of this interface requires a balanced metallic transmission medium, for each
direction of transmission, capable of supporting 192 kbps.

2.1.1.1.2 Service Provided to Layer 2
Layer 1 provides the following services to Layer 2 and the management entity.

2.1.1.1.2.1 Transmission Capability

Layer 1 provides the transmission capability, by means of appropriately encoded bit
streams, for the B- and D-channels and the related timing and synchronization
functions.

2.1.1.1.2.2 Activation/Deactivation

Layer 1 provides the signaling capability and the procedures necessary to enable
customer TEs and/or NTs to be deactivated when required and reactivated when
required. However, TEs and NTs are not required to provide the
activation/deactivation capability. TEs that cannot initiate activation and active only
NTs are permitted. That is, deactivation is an optional capability of NTs, and the
capability of initiating activation is an optional feature of TEs.

The network is always active. Therefore, it is assumed in this section that it is
appropriate for TEs and NTs to remain active at all times. "Activation/Deactivation,”
Section 2.1.2.2, defines general procedures that shall be followed by all TEs and NTs.
Those procedures assure compatibility between TEsS/NTs that do not provide the
activation/deactivation capability and those that do provide the capability.

The procedures to be followed by TES/NTs in which the activation/deactivation
capability is provided are not included in this section. See ANSI* Standard
T1.605-1991 for the full set of activation/deactivation procedures.

2.1.1.1.2.3 D-Channel Access

Layer 1 provides the signaling capability and the necessary procedures to allow TEs to
gain access to the common resource of the D-channel in an orderly fashion while
meeting the performance requirements of the D-channel signaling system. These
D-channel access control procedures are defined in "D-Channel Access Procedure,”
Section 2.1.2.1.

2.1.1.1.2.4 Maintenance

Layer 1 provides the signaling capability, procedures, and necessary functions at
Layer 1 to enable the maintenance functions to be performed.

2.1.1.1.2.5 Status Indication
Layer 1 provides an indication to the higher layers of the status of Layer 1.
2.1.1.1.3 Primitives Between Layer 1 and Other Entities

Primitives represent, in an abstract way, the logical exchange of information and
control between Layer 1 and other entities. They neither specify nor constrain the
implementation of entities or interfaces.

1. Registered trademark of American National Standard Institute.
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The primitives to be passed across the Layer 1/2 boundary or to the management
entity and parameter values associated with these primitives are defined and
summarized in Table 2.1.1-1. For a description of the syntax and use of the primitives,
refer to ITU-TS Recommendation X.211. Additional primitives may apply where
activation/deactivation is accommodated.

Table 2.1.1-1 — Primitives Associated with Layer 1

GENERIC SPECIFIC NAME PARAMETER MESSAGE
NAME REQUEST | INDICATION | PRIORITY | MESSAGE UNIT
INDICATOR UNIT CONTENTS
L1 <—> L2
PH-Data X2 XP X X For example,
setting priority
for D-channel
contention
resolution.
(See Section
2.1.2.1.4)
M<—> L1
MPH-Error - X - X Type of error
or recovery
from a
previously
reported. error.
MPH- - X - X Connected/
Information disconnected
Note(s):

a. PH-Data Request implies underlying negotiation between Layer 1 and Layer 2 for
the acceptance of the data.
b. Priority indication applies to only the request type.

2.1.1.2 Modes of Operation

Both point-to-point and point-to-multipoint modes of operation, as described in the
following section, are intended to be accommodated by the Layer 1 characteristics of
the user-network interface. In this section, the modes of operation apply only to the
Layer 1 procedural characteristics of the interface and do not imply any constraints on
modes of operation at higher layers.

2.1.1.2.1 Point-to-Point Operation

Point-to-point operation at Layer 1 implies that only one source (transmitter) and one
sink (receiver) are active at any one time in each direction of transmission at an S or
T reference point. (Such operation is independent of the number of interfaces that may
be provided on a particular wiring configuration - see "Types of Wiring Configuration,”
Section 2.1.1.3.)
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2.1.1.2.2 Point-To-Multipoint Operation

Point-to-multipoint operation at Layer 1 allows more than one TE (source and sink
pair) to be simultaneously active at an S or T reference point. (The multipoint mode of
operation may be accommodated, as discussed in "Types of Wiring Configuration,"
Section 2.1.1.3, with point-to-point or point-to-multipoint wiring configurations. Also,
NTs may provide a multiple number of T-interfaces. See "Example of NT that
Supports Multiple T Interfaces to Accommodate Multipoint Operation with More Than
Eight TEs," Section 2.1.6.4, for an example of an NT that uses multiple point-to-point
(and point-to-multipoint) wiring configurations to accommodate the multipoint mode of
operation.)

For the T-interface that is directly connected to the network without the use of a
physically separate NT1, both the short passive bus and the extended passive bus
point-to-multipoint configurations are fully supported as described in ANSI Standard
T1.605-1991 and in "Wiring Configurations and Round-trip Delay Considerations Used
as a Basis for Electrical Characteristics," Section 2.1.6.3. Additionally, a variety of
branched (see "Branched Passive Bus Wiring Configuration,” Section 2.1.6.5)
point-to-multipoint configurations are supported. For a complete description of
configurations that are supported, refer to ISDN Customer Premises Equipment
Planning Guide (document 533-700-100).

2.1.1.3 Types of Wiring Configuration
2.1.1.3.1 Overview of Wiring Configurations

Figure 2.1.1-1 shows a general reference configuration for wiring in the user premises.
The required electrical characteristics of the user-network interfaces (1, and 1g) are
stated in "Electrical Characteristics," Section 2.1.4. Those characteristics must be met
for the various interface wiring configurations.

Those required electrical characteristics were determined on the basis of certain
assumptions about the various wiring configurations that may exist in the user
premises. Those assumptions are identified in two major wiring configurations,
described in "Point-to-Point Configuration,” Section 2.1.1.3.2, and "Point-to-Multipoint
Configuration," Section 2.1.1.3.3.

Additional material concerning those assumptions is contained in "Wiring
Configurations and Round-trip Delay Considerations Used as a Basis for Electrical
Characteristics," Section 2.1.6.3. (The examples given there are now to be used for
illustrative purposes only. They describe the general categories of interface wiring
configurations for which electrical characteristics must be met. They do not in any
way specify how the interface wiring must be configured. The specific interface wiring
configuration within a category is unimportant as long as the required electrical
characteristics are met.)

2.1.1.3.2 Point-to-Point Configuration

A point-to-point wiring configuration implies that only one source (transmitter) and
one sink (receiver) are interconnected on an interchange circuit.

2.1.1.3.3 Point-to-Multipoint Configuration

A point-to-multipoint wiring configuration allows more than one source to be
connected to the same sink or more than one sink to be connected to the same source
on an interchange circuit. Such distribution systems are characterized by the fact that
they contain no active logic elements performing functions (other than possibly
amplification or regeneration of the signal).
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For the T-interface that is directly connected to the network without the use of a
physically separate NT1, both the short passive bus and the extended passive bus
point-to-multipoint configurations are fully supported as described in ANSI Standard
T1.605-1991 and in "Wiring Configurations and Round-trip Delay Considerations Used
as a Basis for Electrical Characteristics,” Section 2.1.6.3. Additionally, a variety of
branched (see "Branched Passive Bus Wiring Configuration," Section 2.1.6.5)
point-to-multipoint configurations are supported. For a complete description of
configurations that are supported, refer to ISDN Customer Premises Equipment
Planning Guide (document 533-700-100).

- B
g *ﬁ*R |

L NT
~ SN L '

-

B

T TE,

TR = terminating resistor
I = electrical interface
B = location of Iz when the terminating resistor (TR) is included in the NT

Figure 2.1.1-1 — Reference Configuration for Wiring in the User Premises Location

2.1.1.3.4 Wiring Polarity Integrity

For a point-to-point wiring configuration, the two wires of the interchange circuit pair
may be reversed. However, for a point-to-multipoint wiring configuration, the wiring
polarity integrity of the interchange circuit (TE-to-NT direction) must be maintained
between TEs (see "Reference Configuration,” Section 2.1.5.2).

In addition, the wires of the optional pairs, which may be provided for powering, shall
not be reversed in either configuration.

2.1.1.3.5 Location of the Interfaces

The wiring in the user premises is considered to be one continuous cable run with
jacks for the TEs and NT attached directly to the cable or using stubs less than 1
meter long. The jacks are located at interface points 1, and Ig (see Figure 2.1.1-1). One
interface point, |4, is adjacent to each TE. The other interface point, Ig, is adjacent to
the NT. However, in some applications, the NT may be connected to the wiring
without the use of a jack or with a jack that accommodates multiple interfaces (for
example, when the NT is a port on a PBX). In this case, the only interface of
significance may be at I . If the interface cabling is provided as part of (or uniquely
specified for) the NT, the interface requirements directly applicable to NTs do not
apply and the only requirements of significance are those specified for TEs (that is, at
1,). The required electrical characteristics (described in "Electrical Characteristics,"
Section 2.1.4) for 1, and I are different in some aspects.
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2.1.1.3.6 NT and TE Associated Wiring

The wiring from the TE or the NT to its appropriate jack affects the interface
electrical characteristics. A TE, or an NT that is not permanently connected to the
interface wiring, may be equipped with either of the following for connection to the
interface point (1, and lg, respectively):

» a hard-wired connecting cord (of not more than 10 meters in the case of a TE, and
not more than 3 meters in the case of an NT) and a suitable plug

* a jack with a connecting cord (of not more than 10 meters in the case of a TE, and
not more than 3 meters in the case of an NT) that has a suitable plug at each end

Normally, the requirements of this section apply to the interface point (1, and Ig,
respectively), and the cord forms part of the associated TE or NT. However, where the
terminating resistors are connected internally to the NT, the connecting cord may be
considered as an integral part of the interface wiring. In this case, the requirements of
this section may be applied to the NT at the connection of the connecting cord to the
NT. Note that the NT may attach directly to the interface wiring without a detachable
cord. Also note that the connector (plug and jack) used for the connection of the
detachable cord to the NT is not subject to standardization.

Although a TE may be provided with a cord less than 5 meters long, it shall meet the
requirements of this section when tested with a cord having a minimum length of 5
meters. As specified previously, the TE cord may be detachable. Such a cord may be
provided as a part of the TE, or the TE may be designed to conform to the electrical
characteristics specified in "Electrical Characteristics,” Section 2.1.4, with a "standard
ISDN basic access TE cord" conforming to the requirements specified in "Standard
ISDN Basic Access TE Cord," Section 2.1.4.11, and having the maximum permitted
capacitance.

The use of a TE with an extension cord up to 25 meters long is permitted, but only on
point-to-point wiring configurations. (The total attenuation of the wiring and of the
extension cord should not exceed 6 dB.)

2.1.1.4 Functional Characteristics
The following paragraphs describe the functional characteristics of the interface.

2.1.1.4.1 Interface Functions

The functions for this interface are defined in "B-Channel," Section 2.1.1.4.1.1, "Bit
Timing," Section 2.1.1.4.1.2, "Octet Timing," Section 2.1.1.4.1.3, "Frame Alignment,"
Section 2.1.1.4.1.4, "D-Channel," Section 2.1.1.4.1.5, "D-Channel Access Procedure,"
Section 2.1.1.4.1.6, "Power Feeding," Section 2.1.1.4.1.7, "Deactivation," Section
2.1.1.4.1.8, “Activation,” Section 2.1.1.4.1.9, "Maintenance," Section 2.1.1.4.1.10. (B-
and D-channels, referenced in this section, are intended to be consistent with the
descriptions in ITU-TS Recommendation 1.412.)

2.1.1.4.1.1 B-Channel

This function provides, for each direction of transmission, two independent 64 kbps
channels for use as B-channels.

2.1.1.4.1.2 Bit Timing

This function provides bit (signal element) timing at 192 kbps to enable the TE and
NT to recover information from the aggregate bit stream.
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2.1.1.4.1.3 Octet Timing
This function provides 8-koctet/s timing for the NT and TE.

2.1.1.4.1.4 Frame Alignment

This function provides information to enable NT and TE to recover the time division
multiplexed channels.

2.1.1.4.15 D-Channel

This function provides, for each direction of transmission, one D-channel at a bit rate
of 16 kbps.

2.1.1.4.1.6 D-Channel Access Procedure

This function is specified to enable TEs to gain access to the common resource of the
D-channel in an orderly controlled fashion. The functions necessary for these
procedures include an echoed D-channel at a bit rate of 16 kbps in the direction NT to
TE. For the definition of the procedures relating to D-channel access, see "D-Channel
Access Procedure," Section 2.1.2.1.

2.1.1.4.1.7 Power Feeding

This function provides for the capability to transfer power across the interface. The
direction of power transfer depends on the application. In a typical application, it may
be desirable to provide for power transfer from the NT toward the TEs in order to, for
example, maintain a basic telephony service in the event of failure of the locally
provided power. (In some applications unidirectional power feeding or no power
feeding at all, across the interface, may apply). The detailed specification of power
feeding capability is contained in "Power Feeding," Section 2.1.5.

2.1.1.4.1.8 Deactivation

This function is specified in order to permit the TE and NT to be placed in a low
power consumption mode when no calls are in progress. However, it is assumed in this
section that it is appropriate for TEs and NTs to remain in the active state all the
time.

2.1.1.4.1.9 Activation

This function restores all the functions of a TE or an NT, which may have been placed
into a low power consumption mode during deactivation, to an operating power mode
(see "Power Feeding," Section 2.1.5) whether under normal or restricted power
conditions. However, it is assumed in this section that it is appropriate for TEs and
NTs to remain in the active state at all times.

2.1.1.4.1.10 Maintenance

This function provides the signaling capability, procedures, and functions necessary for
Layer 1 maintenance of the interface.

2.1.1.4.2 Interchange Circuits

Two interchange circuits, one for each direction of transmission, shall be used to
transfer digital signals across the interface. All of the functions described in "Common
Protocols and Procedures for Voice and Data Services," Section 5.1, except for power
feeding, shall be carried by means of a digitally multiplexed signal structured as
defined in "Frame Structure,” Section 2.1.1.4.4.

Page 2.1.1-6 Issue 6.00



235-900-341 PHYSICAL LAYER
October 1999

2.1.1.4.3 Connected/Disconnected Indication

The appearance/disappearance of power is the criterion used by a TE to determine
whether it is connected/disconnected at the interface. This is important for terminal
endpoint identifier (TEI) assignments according to the procedures described in "Data
Link Layer Specifications," Section 4.3.2.7.2.

A TE that considers itself connected, when unplugged, can cause duplication of TEI
values after reconnection. When duplication occurs, procedures described in "Data
Link Layer," Section 3, will permit recovery.

2.1.1.4.3.1 TEs Powered Across the Interface

A TE that is powered from Power Source 1 or 2 across the interface shall use the
detection of Power Source 1 or 2, respectively, to establish the connection status. (See
"Power Feeding," Section 2.1.5, for a description of the power sources.)

2.1.1.4.3.2 TEs Not Powered Across the Interface
A TE that is not powered across the interface may use either:

» the detection of Power Source 1 or Power Source 2, whichever may be provided, to
establish the connection status

» the presence/absence of local power to establish the connection status

The TEs that are not powered across the interface and are unable to detect the
presence of Power Source 1 or 2 shall consider themselves connected/disconnected
when local power is applied/removed.

Note: It is desirable to use the detection of either Power Source 1 or Power Source 2
to establish the connection status when automatic TEI selection procedures are used
within the management entity.

2.1.1.4.3.3 Indication of Connection Status

The TEs that use the detection of Power Source 1 or 2, whichever is used to determine
connection/disconnection, to establish the connection status shall inform the
management entity (for TEI purposes) using:

* MPH-Information Indication (Connected): when operational power and the
presence of Power Source 1 or 2, whichever is used to determine
connection/disconnection, is detected

* MPH-Information Indication (Disconnected): when the disappearance of
Power Source 1 or 2, whichever is used to determine connection/disconnection, is
detected, or power in the TE is lost

The TEs that are unable to detect Power Source 1 or 2, whichever may be provided,
and, therefore, use the presence/absence of local power to establish the connection
status (see "TEs Not Powered Across the Interface,” Section 2.1.1.4.3.2) shall inform
the management entity using:

« MPH-Information Indication (Disconnected): when power (Note) in the TE is
lost

« MPH-Information Indication (Connected): when power (Note) in the TE is
applied
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Note: The term "power" could be the full operational power or backup power.
Backup power is defined such that it is enough to hold the TEI values in memory
and maintain the capability of receiving and transmitting Layer 2 frames associated
with the TEI procedures.

2.1.1.4.4 Frame Structure

In both directions of transmission, the bits shall be grouped into frames of 48 bits
each. The frame structure shall be identical for all configurations (point-to-point and
point-to-multipoint).

2.1.1.4.4.1 Bit Rate

The nominal transmitted bit rate at the interfaces shall be 192 kbps in both directions
of transmission.

2.1.1.4.4.2 Binary Organization of the Frame
2.1.1.4.4.2.1 Direction-dependent Frame Structures

The frame structures are different for each direction of transmission. Both structures
are illustrated diagrammatically in Figure 2.1.1-2, and they are explained in "TE to
NT," Section 2.1.1.4.4.2.2, and "NT to TE," Section 2.1.1.4.4.2.3. The first bit to be
transmitted is Bit 1, the leftmost bits in Figure 2.1.1-2. For the meaning of the
polarities of the framing bits in Figure 2.1.1-2, see Figure 2.1.2-2.
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F = framing bit N = bit set to a binary value N = Fa (NT to TE)
L = DC balancing bit [see "Frame Alignment (Synchronization)
D = D-channel bit Procedures," Section 2.1.2.3]
E = D-echo-channel bit B1 = bit within B-channel 1
FA = Auxiliary framing bit B2 = bit within B-channel 2

[see "Frame Alignment A = bit used for activation

(Synchronization) Procedures," S = S-channel bit

Section 2.1.2.3] M = Multiframing bit

Note 1: Vertical bars demarcate the ends of those parts of the frame that are
independently DC-balanced.

Note 2: The F4 bit in the direction TE to NT is used as a Q bit in every fifth frame if
the Q channel capability is applied (see "Frame Alignment in the Direction TE to NT,"
Section 2.1.2.3.3).

Note 3: The nominal 2-bit offset is as seen from the TE (I, in Figure 2.1.1-1). The
corresponding offset at the NT may be greater due to delay in the interface cable and
varies by configuration.

Note 4: For the meaning of the polarities of the framing bits, see "Power Feeding,"
Section 2.1.5.

Figure 2.1.1-2 — Frame Structure at Reference Points S and T
2114422 TEtoNT

Each frame consists of the following groups of bits; each individual group is
DC-balanced by its last bit (L bit):
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bit position
1land 2
3-11

12 and 13

14 and 15

16 - 24
25 and 26
27 - 35
36 and 37
38 - 46
47 and 48

2114423

235-900-341
October 1999

group

framing bit with balance bit

B1 channel (first octet) with balance bit
D-channel bit with balance bit

F, auxiliary framing bit or Q bit with balance
bit

B2 channel (first octet) with balance bit
D-channel bit with balance bit

B1 channel (second octet) with balance bit
D-channel bit with balance bit

B2 channel (second octet) with balance bit
D-channel bit with balance bit

NT to TE

Frames transmitted by the NT contain an echo channel (E-bits) used to retransmit the
D-bits received from the TEs. The D-echo channel is used for D-channel access control.
The last bit of the frame (L-bit) is used for balancing each complete frame.

The bits are grouped as follows:

Page 2.1.1-10
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bit position group
land 2 framing bit with balance bit
3-10 B1 channel (first octet)

11 E, D-echo-channel bit

12 D-channel bit

13 bit A used for activation
14 FAA auxiliary framing bit
15 N bit (coded as defined in

"Initialization—Switch Initiated," Section 6.4)
16 - 23 B2 channel (first octet)

24 E, D-echo-channel bit
25 D-channel bit
26 M, multiframing bit
27 - 34 Bl channel (second octet)
35 E, D-echo-channel bit
36 D-channel bit
37 S-channel bit
38 -45 B2 channel (second octet)
46 E, D-echo-channel bit
47 D-channel bit
48 frame balance bit

2.1.1.4.4.2.4 Relative Bit Positions

At the TEs, timing in the direction TE to NT shall be derived from the frames
received from the NT.

The first bit of each frame transmitted from a TE toward the NT shall be delayed,
nominally, by two bit periods with respect to the first bit of the frame received from
the NT. Figure 2.1.1-2 illustrates the relative bit positions for both transmitted and
received frames.

2.1.1.4.4.2.5 B-Channel Bit Order — Voice

When a B-channel is used for the transmission of PCM voice, the voice signal shall be
coded in accordance with ITU-TS Recommendation G.711. Further, the Most
Significant Bit (MSB, sign bit) should be transmitted first and is received first.

2.1.1.45 Line Code

For both directions of transmission, pseudo-ternary coding is used with 100-percent
pulse width as shown in Figure 2.1.1-3. Coding is performed in such a way that a
binary ONE is represented by no line signal; whereas, a binary ZERO is represented
by a positive or negative pulse. The first binary ZERO following the framing bit
balance bit is of the same polarity as the framing bit balance bit. Subsequent binary
ZEROs must alternate in polarity. A balance bit is a binary ZERO if the number of
binary ZEROs following the previous balance bit is odd. A balance bit is a binary ONE
if the number of binary ZEROs following the previous balance bit is even.
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During an interim period, transport capabilities available in some networks may not
support use of B-channels without a restriction on the sequences that may be
transmitted. The necessary restrictions and means of conforming to the restrictions
while using the full 64-kbps rate are described in "Transmission Mode -
Restricted/Unrestricted 64-kbps Capabilities,” Section 2.1.6.2.

Binary values 1 01 00 1 1 0 O O 1 1

Line signal

time ———

Figure 2.1.1-3 — Pseudo-Ternary Code - Example of Application

2.1.1.4.6 Timing Considerations

The NT shall derive its timing from the network clock. A TE shall derive its timing
(bit, octet, frame) from the signal received from the NT and use this derived timing to

synchronize its transmitted signal.

Page 2.1.1-12 Issue 6.00



235-900-341 PHYSICAL LAYER
October 1999

2.1.2 INTERFACE PROCEDURES
2.1.2.1 D-Channel Access Procedure

The following procedure allows for a number of TEs connected in a multipoint
configuration to gain access to the D-channel in an orderly fashion. The procedure
always ensures that, even in cases in which two or more TEs attempt to access the
D-channel simultaneously, one, but only one, of the TEs will be successful in
completing transmission of its information. This procedure relies upon the use of
Layer 2 frames delimited by flags consisting of the binary pattern "01111110" and the
use of zero-bit insertion to prevent flag imitation (see "Data Link Layer," Section 3).

The procedure also permits TEs to operate in a point-to-point manner.

2.1.2.1.1 Interframe (Layer 2) Time Fill

When a TE has no Layer 2 frames to transmit, it shall send binary ONEs on the
D-channel, that is, the interframe time fill on the D-channel in the TE-to-NT direction
shall be all binary ONEs.

When an NT has no Layer 2 frames to transmit, it shall send binary ONEs on the
D-channel, that is, the interframe time fill on the D-channel in the NT-to-TE direction
shall be all binary ONEs. The HDLC flag that defines the end of a Layer 2 frame may
also define the start of the next Layer 2 frame.

2.1.2.1.2 D-Echo Channel

The NT, on receipt of a D-channel bit from the TEs, shall reflect the binary value in
the next available D-echo-channel bit position toward the TEs. (The need to force the
D-echo-channel bits to all binary ZEROs during certain loopbacks is for further study.
See "Test Loopback Characteristics," Section 2.1.6.8.3)

2.1.2.1.3 D-Echo Channel Monitoring

A TE shall monitor the D-echo channel, counting the number of consecutive binary
ONEs. If a ZERO bit is detected, the TE shall restart counting the number of
consecutive ONE bits. The current value of the count is called C.

Note: C need not be incremented after the value 11 has been reached.

2.1.2.1.4 Priority Mechanism

Layer 2 frames are transmitted in such a way that signaling information is given
priority (priority class 1) over all other types of information (priority class 2).
Furthermore, to ensure that within each priority class all competing TEs are given a
fair access to the D-channel, once a TE has successfully completed the transmission of
a Layer 2 frame, it is given a lower level of priority within that class. The TE is given
back its normal level within a priority class when all TEs have had an opportunity to
transmit information at the normal level within that priority class.

The priority class of a particular Layer 2 frame may be a characteristic of the TE
which is preset at manufacture or at installation, or it may be passed down from
Layer 2 as a parameter of the PH-Data Request primitive.

The priority mechanism is based on the requirement that a TE may start Layer 2
frame transmission only when C (see "D-Echo Channel Monitoring," Section 2.1.2.1.3)
is equal to, or exceeds, the value X; for priority class 1 or is equal to, or exceeds, the
value X, for priority class 2. The value of X; shall be eight for the normal level and
nine for the lower level of priority. The value of X, shall be ten for the normal level
and eleven for the lower level of priority.
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In a priority class the value of X; or X, is changed from the normal level of priority to
the value of the lower level of priority (that is, higher value) when a TE has
successfully transmitted a Layer 2 frame of that priority class.

The value of X; or X, is changed from the lower level of priority back to the value of
the normal level of priority when C (see "D-Echo Channel Monitoring," Section
2.1.2.1.3) equals the value of the lower level of priority (that is, higher value).

2.1.2.1.5 Collision Detection

While transmitting information in the D-channel, the TE shall monitor the received
D-echo channel and compare the last transmitted bit with the next available D-echo
bit. If the transmitted bit is the same as the received echo, the TE shall continue its
transmission. If, however, the received echo is different from the transmitted bit, the
TE shall cease transmission immediately and return to the D-channel monitoring
state.

2.1.2.1.6 Priority System

"SDL Representation of a Possible Implementation of the D-Channel Access," Section
2.1.6.6, describes an example of how the priority system may be implemented.

2.1.2.2 Activation/Deactivation
2.1.2.2.1 About this Section

Activation/deactivation is a function specified in ANSI* Standard T1.605-1991.
Provision of this function and compliance with the associated procedures is not
required of TEs or NTs conforming to this section. However, procedures are included
to assure compatibility of conforming TEs and NTs with NTs and TEs, respectively,
that provide for activation/deactivation. See "General TE Procedures," Section
2.1.2.2.3, and "General NT Procedures,” Section 2.1.2.2.4. In addition, timing
requirements for activation/deactivation are provided because they may be critical to
the design process.

2.1.2.2.2 Signals

The identifications of specific signals across the S/T reference point are given in
Figure 2.1.2-1. Also included is the coding for these signals. (These signals are of
primary importance in the specification ANSI Standard T1.605-1991] of the
procedures for activation/deactivation, and they are used in the following procedures
for nonactivation/nondeactivation TEs and NTs.)

1. Registered trademark of American National Standard Institute.
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Signals from NT to TE (Note 2) Signals from TE to NT
INFOO No signal. (Note 3) INFOO No signal.
INFO1 A continuous signal with the
INFO2  Frame with all bits of (Note 3)  following pattern:
(Note 4) B, D, and D-echo channels Rosiﬁve ZERO, negative ZERO,
set to binary ZERO. six ONEs.

Bit A set to binary ZERO.

N and L bits set according M
to the normal coding rules.
Nominal bit rate =192 kbit/s.

INFO4  Frames with operational data INFO3  Synchronized frames with operational
(Note 4)  on B, D, and D-echo channels. data on B and D channels.
Bit A set to binary ONE.

Note 1: The duration of the transmission of INFO 0 may be indefinitely short,
depending on events causing transition to another transmitted signal. The reception of
INFO 0 shall not be detected until at lease 48 contiguous binary ONEs have been
received.

Note 2: For configurations in which the wiring polarity may be reversed (see
"Point-to-Multipoint Configuration,” Section 2.1.1.3.3), signals may be received with
the polarity of the binary ZEROs inverted. All NT and TE receivers should be
designed to tolerate wiring polarity reversals.

Note 3: TEs that do not need the capability to initiate activation of a deactivated
T1.605 interface (for example TEs required to handle only incoming calls) need not
have the capability to send INFO 1. In all other respects, these TEs shall be in
accordance with "Activation/Deactivation,” Section 2.1.2.2. Note that in the
point-to-multipoint configuration more than one TE transmitting simultaneously will
produce a bit pattern, as received by the NT, different from that described, for
example two or more overlapping (asynchronous) instances of INFO 1.

Note 4: During the transmission of INFO 2 or INFO 4, the F, bits and the M bits
from the NT may provide the Q-bit pattern designation as described in "Frame
Alignment in the Direction TE to NT," Section 2.1.2.3.3. Figure 2.1.2-2 shows bit
patterns that are representative of an INFO 2 frame.

Figure 2.1.2-1 — Signals Across S/IT Reference Point
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} 48 bits in 250 microseconds }

DL F LB1B1B1B1B1B1B1Bl1E D A&\NBZBZBZBZBZBZBZBZE D MB1B1B1B1B1B1B1BIE D SB2B2B2B2B2B2B2B2E D L F L
‘ HHHHH\HHH\HHHHHHHHHHHHHHL
(e P PP P P P P P PP

FA =0, M=0, S=0 (see frames numbered 2-5, 7-10, 12-15, and 17-20 in Table*)

ugiui=druuirvuiundyugyy -

FA =1, M=0, S=0 (see frames numbered 6, 11, and 16 in Table*)

ugivr-uduuirvudundyugyy -

FA =1, M=0, S=1 (see frames numbered 6, 11, and 16 in Table*)

ugivr-uduuivuivuL-duudy

FA =1, M=1, S=0 (see frame number 1 in Table*)

v iJuidvuduudy

FA =1, M=1, S=1 (see frame number 1 in Table*)

vty ugyy -

FA =0, M=0, S=1 (currently cannot exist) (see note for Table*)

uruuii-guuiiruiy-vuugy

* Refers to Table 2.1.2-2, "S-Channel Structure.”
Figure 2.1.2-2 — Representative Bit Patterns of an INFO-2 Frame

2.1.2.2.3 General TE Procedures
All TEs shall conform to the following procedures:

a. The TEs, when first connected, when power is applied, or upon the loss of frame
alignment (see "Loss of Frame Alignment,” Section 2.1.2.3.2.1) shall transmit
INFO 0 continuously until the received signal has been clearly identified as
being INFO 0, INFO 2, or INFO 4. However, a TE that is disconnected but
powered is a special situation and could be transmitting INFO 1 when
connected.

b. To initiate communication with (or activate) an NT, a TE that is both sending
and receiving INFO 0 shall send INFO 1. [The TEs that do not need the
capability to initiate activation of a deactivated interface (for example, TEs
required to handle only incoming calls) need not have the capability to send
INFO 1. In all other respects, these TEs shall be in accordance with the general
TE procedures listed in this section.]

c. Upon reception of any signal (that is, INFO 2 or INFO 4 prior to full
identification of signal), a TE that is sending INFO 1 shall send INFO 0 (or
INFO 3 if frame alignment can be established and INFO 3 can be transmitted
within 5 ms of the appearance of INFO 2 or INFO 4).
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d. The TEs shall transmit INFO 3 when frame alignment is established (see
"Frame Alignment," Section 2.1.1.4.1.4). However, the satisfactory transmission
of operational data cannot be assured prior to the receipt of INFO 4.

e. The TEs that are locally powered shall, when power is removed, initiate the
transmission of INFO 0 before frame alignment is lost.

2.1.2.2.4 General NT Procedures
All NTs shall conform to the following procedures:

a. To initiate communication with (or activate) a TE, an NT that is sending INFO 0
shall send INFO 2.

b. Upon receipt of INFO 1, an NT that is sending INFO 0 shall send INFO 2 to
activate.

c. Upon receipt of INFO 3, an NT that is sending INFO 2 may send INFO 4.

d. To terminate communication with (or deactivate) a TE, an NT that is sending
INFO 2 or INFO 4 shall send INFO 0.

e. Upon receipt of INFO 0 or upon loss of frame synchronization, an NT that is
sending INFO 4 shall send INFO 2.

2.1.2.2.5 Activation Times
2.1.2.2.5.1 TE Activation Times

A TE that is sending INFO 0 shall, upon the receipt of INFO 2 or INFO 4, establish
frame synchronization and initiate the transmission of INFO 3 within 100 ms. A TE
that is receiving INFO 2 and sending INFO 3 shall recognize the receipt of INFO 4
within two frames (in the absence of errors).

A TE that is sending INFO 1 shall, upon the receipt of INFO 2 or INFO 4, cease the
transmission of INFO 1 and initiate the transmission of INFO 0 (or INFO 3, see
"General TE Procedures,"” Section 2.1.2.2.3) within 5 ms and then respond to INFO 2
or INFO 4, within 100 ms.

To assure that a TE will transmit INFO 0 within 5 ms after the appearance of a
signal to which it cannot synchronize, operation of TEs should be verified where the
received signal is any bit pattern (containing at least three binary ZEROs in each
frame interval) to which TEs conforming to "Frame Alignment,” Section 2.1.2.3.2.2, are
not able to synchronize.

2.1.2.2.5.2 NT Activation Times

An NT that is sending INFO 0 shall, upon the receipt of INFO 1, initiate the
transmission of INFO 2 (synchronized to the network) within 1 second under normal
conditions. Delays, "Da," as long as 30 seconds are acceptable under abnormal
(non-fault) conditions, for example, as result of a need for retrain for an associated
loop transmission system.

An NT that is sending INFO 2 shall, upon the receipt of INFO 3, initiate the
transmission of INFO 4 within 500 ms under normal conditions. Delays, "Db," as long
as 15 seconds are acceptable under abnormal (non-fault) conditions provided that the
sum of the delays "Da" and "Db" is not greater than 30 seconds.
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2.1.2.2.6 Deactivation Times

A TE shall respond to the receipt of INFO 0 by initiating the transmission of INFO 0
within 25 ms.

An NT shall respond to the receipt of INFO 0 or the loss of frame synchronization by
initiating the transmission of INFO 2 within 25 ms; however, the Layer 1 entity does
not deactivate in response to INFO 0 from a TE.

For conformance test purposes, while a TE (NT) is transmitting INFO 3 (INFO 4) with
a sinusoidal signal having a voltage of 100 mV peak-to-peak superimposed on the
received signal, the TE (NT) shall react to the reception of INFO 0 by transmitting
INFO 0 (INFO 2) within a period of time 250 ps to 25 ms. A provision for the
immediate reaction to INFO 0 following the receipt of 48 contiguous binary ONEs may
cause the release of ongoing communications in response to spurious interface signal
interruptions. A persistence check timer should be considered to minimize such a
possibility, but the total reaction time shall not exceed 25 ms.

2.1.2.2.7 Activation without Network Intervention

"Activation of the S/T Interface without Intervention of the Network Interface to the
NT," Section 2.1.6.7, describes how the S/T interface can be activated (for example, for
maintenance purposes) when the network interface to the NT cannot also be activated.

2.1.2.3 Frame Alignment (Synchronization) Procedures
2.1.2.3.1 Overview of Frame Alignment
The first bit of each frame is the framing bit, F; it is a binary ZERO.

The frame alignment procedure makes use of the fact that the framing bit is
represented by a pulse having the same polarity as the preceding pulse (line-code
violation). This allows rapid reframing.

According to the coding rule, both the framing bit and the first binary-ZERO bit
following the framing bit balance bit (Bit Position 2 in the same frame) produce a
line-code violation. To guarantee secure framing, the auxiliary framing bit pair F, and
N in the direction NT to TE or the auxiliary framing bit F, with the associated
balancing bit L in the direction TE to NT are introduced. This ensures that there is a
line-code violation at 14 bits or fewer (14-bit criterion) from the framing bit F, due to
F, or N being a binary-ZERO bit, for the NT-to-TE direction, and that, for the
TE-to-NT direction, there is a line-code violation at 13 bits or fewer (13-bit criterion)
from the framing bit F, due to F, being a binary-ZERO bit if the F, -bit position is not
used as a Q-bit. The framing procedures do not depend on the polarity of the framing
bit F, and thus are not sensitive to wiring polarity.

The coding rule for the auxiliary framing bit pair F, and N, in the direction NT to TE,
is such that N is binary opposite of F5 (N = F,). The F, and L bits in the direction TE
to NT are always coded such that the binary values of F, and L are equal.

Note that a nonmultiframing NT (see "Multiframing,” Section 2.1.2.3.4) must issue a
binary ZERO in all F,-bit positions to ensure the "wrapping" action of a TE (see
"Q-Bit Position Identification Algorithm," Section 2.1.2.3.4.3) guarantees a binary
ZERO F, bit is returned to the NT receiver.

2.1.2.3.2 Frame Alignment in the Direction NT TO TE

Frame alignment, on initial activation of the TE, shall comply with the procedures
defined in "Activation/Deactivation,” Section 2.1.2.2.
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2.1.2.3.2.1 Loss of Frame Alignment

Loss of frame alignment may be assumed when a time period equivalent to two 48-bit
frames has elapsed without having detected valid pairs of line-code violations obeying
the 14-bit criterion as described previously. The TE shall cease transmission
immediately.

2.1.2.3.2.2 Frame Alignment

Frame alignment may be assumed to occur when three consecutive pairs of line-code
violations obeying the 14-bit criterion have been detected.

2.1.2.3.3 Frame Alignment in the Direction TE to NT
2.1.2.3.3.1 Application of 13-bit Criterion

The criterion of a line-code violation at 13 bits or fewer from the framing bit (F) shall
apply except if the Q-channel (see "Multiframing," Section 2.1.2.3.4) is provided, in
which case the 13-bit criterion applies in four out of five frames.

2.1.2.3.3.2 Loss of Frame Alignment

The NT may assume loss of frame alignment if a time period equivalent to at least
two 48-bit frames has elapsed since detecting consecutive violations according to the
13-bit criterion, if all F, bits transmitted by the NT are set to binary ZERO, that is,
multiframing is not identified. Otherwise, a time period equivalent to at least three
48-bit frames shall be allowed before assuming loss of frame alignment. On detection
of loss of frame alignment, the NT shall transmit INFO-2 frames toward the TE.

2.1.2.3.3.3 Frame Alignment

The NT may assume that frame alignment has been regained when three consecutive
pairs of line-code violations obeying the 13-bit criterion have been detected.

2.1.2.3.4 Multiframing
2.1.2.3.4.1 Supported Multiframing

Multiframing provides a Layer 1 signaling capability between the TEs and the NT in
both directions through the use of extra channels referred to as the S-channel for the
NT-to-TE direction and the Q-channel for the TE-to-NT direction. Multiframing over a
T-interface that is directly connected to the network without the use of a physically
separate NT1 is not supported.

This Layer 1 signaling capability exists only between the TE and NT, that is, there is
no requirement in the NT for the direct transfer of signals between these S- and
Q-channels and the Layer 1 signaling channel between the NT and the network.

Use of the Q- and S-channels shall be the same in point-to-point as in
point-to-multipoint configurations. There is neither an inherent collision detection
mechanism provided for the Q-channel nor any addressing mechanism for the
S-channel. Procedures necessary to prevent or deal with collision and to indicate the
desired TEs that are required for any application are not a part of this section.

Use of the Q-channel and S-channel is optional. NTs that do not support these
channels are not required to encode the F, and M bits as required for the defined
multiframing. TEs that do not use those channels must provide for identification of
the Q-bit positions and, if identified, must set each Q-bit to a binary ONE. Detection
and use of the M-bit by such TEs is optional.
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Uses of the Q-channel in addition to those specified in "Layer 1 Maintenance,” Section
2.1.3, are for further study.

2.1.2.3.4.2 General Mechanism

a. Q-Bit Identification: The Q bits (TE-to-NT) are defined to be the bits in the
FA-bit position of every fifth frame. The Q-bit positions in the TE-to-NT direction
are identified by binary inversions of the Fx-bit pair (F5 = binary ONE, N =
binary ZERO) in the NT-to-TE direction. The provision of this capability in NTs
is optional. The provision for identification of the Q-bit positions in the NT-to-TE
direction permits all TEs to synchronize transmission in Q-bit positions; thereby
avoiding interference of F, bits from one TE with the Q bits of a second TE in
passive bus configurations.

b. Multiframe Identification: A multiframe, which provides for structuring the
Q-bits into 4-bit characters (Q1 - Q4), is established by setting the M-bit, in bit
position 26 (see "NT to TE," Section 2.1.1.4.4.2.3) of the NT-to-TE frame, to
binary ONE in every twentieth frame. This structure provides for 4-bit
characters in a single channel, TE-to-NT. The provision of this capability in NTs
is optional. Detection and use of the M bit by the TE is optional if the Q-channel
is not intended to be used.

2.1.2.3.4.3 Q-Bit Position Identification Algorithm

The Q-bit position identification algorithm is illustrated in Table 2.1.2-1. Until
synchronization to the F, bit is declared, a TE should "wrap" the received Q-bit
identifier (F, bit) into the TE-to-NT Q-bit position. The TE synchronizes to the
received F, inversions and shall set each Q bit to binary ONE in every fifth frame,
that is, in frames in which F, bits (NT-to-TE direction) should be equal to binary
ONE. Q-channel messages are transmitted only after multiframe synchronization to
the binary ONEs in the M bit of the NT-to-TE frame is achieved. The algorithm used
by a TE to determine multiframe synchronization or loss of multiframe
synchronization is not described in this section.

No special Q-bit identification derived from the received signal is required in the NT
because the maximum round-trip delay of NT-to-TE-to-NT is a small fraction of a
frame, and, therefore, Q-bit identification is inherent in the NT.
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Table 2.1.2-1 — Q-Bit Position Identification and Multiframe Structure

FRAME NUMBER

NT-TO-TE F(A) bit

NT-TO-TE M BIT

TE-TO-NT F(A) BIT

POSITION POSITION 2P

1 ONE ONE Q1
2 ZERO ZERO ZERO
3 ZERO ZERO ZERO
4 ZERO ZERO ZERO
5 ZERO ZERO ZERO
6 ONE ZERO Q2
7 ZERO ZERO ZERO
8 ZERO ZERO ZERO
9 ZERO ZERO ZERO
10 ZERO ZERO ZERO
11 ONE ZERO Q3
12 ZERO ZERO ZERO
13 ZERO ZERO ZERO
14 ZERO ZERO ZERO
15 ZERO ZERO ZERO
16 ONE ZERO Q4
17 ZERO ZERO ZERO
18 ZERO ZERO ZERO
19 ZERO ZERO ZERO
20 ZERO ZERO ZERO
1 ONE ONE Q1
2 ZERO ZERO ZERO
etc.

Note(s):

a. If the Q-bits are not used by a TE, the Q-bits shall be set to binary ONE.

b. Where multiframe identification is not provided with a binary ONE in an
appropriate M-bit, but where Q-bit positions are identified, Q-Bits 1 through 4 are
not distinguished.

2.1.2.3.4.4 TE Multiframe ldentification

The first frame of the multiframe is identified by the M-bit equal to a binary ONE.
TEs that are intended to neither use, nor provide for the use of, the Q-channel are not
required to identify the multiframe. TEs that are intended to use, or to provide for the
use of, the Q-channel shall use the M-bit equal to a binary ONE to identify the start

of the multiframe.

The algorithm used by a TE to determine when synchronization or loss of
synchronization of the multiframe is achieved is not described in this section.
However, note that the transmission of multiframing from an NT is not mandatory.
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2.1.2.3.5 S-Channel Structuring Algorithm

The algorithm for structuring the S-bits [NT-to-TE frame bit position 37 (see "NT to
TE," Section 2.1.1.4.4.2.3)] into an S-channel uses the same combination of the Fx-bit
inversions and the M-bit that are used to structure the Q-channel as described in
"Multiframing," Section 2.1.2.3.4. The S-channel structure, shown in Table 2.1.2-2,
provides for five subchannels, SC1 through SC5. Each subchannel SCn is comprised of
the bits SCn1l through SCn4, which provide for the transfer of one 4-bit character per
multiframe (5 ms). This section covers the use of subchannels SC1 and SC2 only.
Subchannels SC3 through SC5 are reserved for future use and shall be coded with all
binary ZEROs. The coding and use of the 4-bit character of SC1 are defined in "Codes,
Message Durations, and Detection Algorithms for Q-Channel and SC1 Subchannel,”
Section 2.1.3.3, and "NT-to-TE Direction Messages (SC1 Bits)," Section 2.1.3.6. The
coding and use of the 4-bit character of SC2 are defined in "NT-to-TE Direction
Messages (SC2 Bits)," Section 2.1.3.7.
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Table 2.1.2-2 — S-Channel Structure

PHYSICAL LAYER

 FRAME NUMBER

NT-TO-TE F(A)-bit

NT-TO-TE M BIT

NT-TO-TE S BIT

etc.

POSITION
1 ONE ONE SC11
2 ZERO ZERO SC21
3 ZERO ZERO SC31
4 ZERO ZERO SC41
5 ZERO ZERO SC51
6 ONE ZERO SC12
7 ZERO ZERO SC22
8 ZERO ZERO SC32
9 ZERO ZERO SC42
10 ZERO ZERO SC52
11 ONE ZERO SC13
12 ZERO ZERO SC23
13 ZERO ZERO SC33
14 ZERO ZERO SC43
15 ZERO ZERO SC53
16 ONE ZERO SC14
17 ZERO ZERO SC24
18 ZERO ZERO SC34
19 ZERO ZERO SC44
20 ZERO ZERO SC54
1 ONE ONE SC11
2 ZERO ZERO SC21

Note(s):

a. S-subchannels SC3 through SC5 are reserved for future specification and are set
to all binary ZEROs. Optional subchannels SC1 and SC2, when not provided, are
set to all binary ZEROs.

2.1.2.4 |dle Channel Code on the B-Channels
A TE shall send binary ONEs in any B-channel that is not assigned to it.

The idle code from the network to the terminal is not defined.
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2.1.3 LAYER 1 MAINTENANCE
2.1.3.1 Overview of Layer 1 Maintenance

The transmitted D-channel bits and the resultant D-echo bits may be used by TEs in
point-to-point configurations to assure satisfactory operation of the interface and the
NT unit. Layer 1 maintenance over a T-interface that is directly connected to the
network without the use of a physically separate NT1 is not supported.

As indicated in "Interface Procedures,” Section 2.1.2, maintenance function signaling
channels are provided in both the NT-to-TE and TE-to-NT directions. The functions to
be signaled on these channels and the associated protocol are specified in the following
sections. The provision of the functions in TEs and NTs is optional, but, where a
function is provided, the signals shall conform to those specified.

Two independent S-subchannels are defined. They are both optional. TEs and NTs are
permitted to implement only the SC1 subchannel, only the SC2 subchannel, both
subchannels, or neither subchannel.

For the Q-channel if implemented, or any S-subchannel if implemented, the
transmission by a TE or NT, respectively, of any individual maintenance message
other than Idle (Normal) is optional. Additionally, the reception of any individual
Q-channel message or any individual S-subchannel message requesting a maintenance
function which has not been implemented shall be ignored by the respective NT or TE.

An overall maintenance plan for the general user equipment configuration (reference
configuration shown in Figure 2.1-1) together with the network access and plans for
the specific cases of TEs connected to an NT1 and of TEs connected to a PBX are
described in "Interface Procedures,” Section 2.1.2.

In the following discussion, the generic term "TE" refers to either a TE connected to
an NT1, a TE connected to an NT2, or an NT2 connected to an NT1. Also, the generic
term "NT" can be either an NT1 or an NT2 to which a TE (generic meaning) is
connected.

2.1.3.2 Test Loopbacks

Loopbacks for which Layer 1 control is specified are indicated in Figure 2.1.3-1. The
characteristics of the two loopbacks of concern are specified in Table 2.1.3-1. The
loopback designations are based on the loopback notation used in ANSI* Standard
T1.605-1991. The notation is presented in "Loopback Notation," Section 2.1.6.8.

1. Registered trademark of American National Standard Institute.
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LOOPBACK LOCATION CHANNELS CONTROL ALTERNATE
(FIG. 2.1.3-1) LOOPED POINT CONTROL
c? Inside NT1 B1, B2 TE or NT2 None
BP Inside NT2 B1, B2 TE None
Note(s):

a. An exchange of Layer 3 messages may take place between the TE (or NT2) and
the exchange prior to the use of the initiation of the Layer 1 control signal.
However, there are situations in which the TE (NT2) will not receive a reply:
¢ The message may not be transmitted when the interface/access is in a failure

condition.

¢ A network may not support the Layer 3 message.

b. The same consideration as expressed in the first footnote except that the NT2 may
not support the Layer 3 message.

The locations of the loopbacks within the functional unit blocks in Figure 2.1.3-1

should not be construed as having any significance. The specific locations of the

loopbacks within functional units (for example, NT1) are not part of this section. The

location of a loopback within an equipment will depend upon several factors including

implementation and application considerations.
TE1

NT2 NT1

ow
vs]
~_
o -
O
~_

TE2 TA

ox

Figure 2.1.3-1 — Location of Test Loopbacks

2.1.3.3 Codes, Message Durations, and Detection Algorithms for Q-Channel and
SC1-Subchannel

The codes for all the Q-channel and SC1-subchannel messages are defined in Table

2.1.3-2. Each code is a 4-bit character transmitted in a single multiframe.

One of the several Q-channel codes that are reserved for future specification could be
defined in the future as an escape code to extend the number of messages if that ever
becomes necessary. "NT-to-TE Direction Messages (SC1 Bits)," Section 2.1.3.6, defines
the extension code for the SC1 subchannel.

Except where stated otherwise, the code for a message shall be repeated in at least six
consecutive Q or SC1 characters or as many times as necessary to obtain the desired
response (for example, loopback).

Except where stated otherwise, a message shall be considered received only when the
proper code (and its extension if needed) is received in three consecutive Q or SC1
characters.
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Table 2.1.3-2 — Codes for Q-Channel and SC1-Subchannel Messages

CODE USED IN DIRECTION

MESSAGE ? NT-TO-TE TE-TO-NT

SC11 SCl2 SC13 SsCi4 | Q1 Q2 Q3 Q4
Idle (NORMAL) 0 0 0 0 1 1 1 1
Loss-of-Power 1 1 1 1 0 0 0 0
Indication
STP Pass 0 0 1 0 - - - -
STF Fail 0 0 0 1 - - - -
ST Request® - - - - 0 0 0 1
STI Indication 1 1 1 - - - -
Far-End Code 1 1 0 - - - -
Violation
DTSE-IN&OUT 1 1 0 0 - - - -
DTSE-IN 1 0 0 0 - - - -
DTSE-OUT 0 1 0 0 - - - -
LB1 Request - - - - 0 1 1 1
LB1I Indication 1 1 0 1 - - - -
LB2 Request - - - - 1 0 1 1
LB2I Indication 1 0 1 1 - - - -
LB1/2 Request® - - - - 0 0 1 1
LB1/21 Indication 1 0 0 1 - - - -
Loss-of-Received-Signal 1 0 1 0 - - - -
Indication
Disruptive Operation 0 0 1 1 - - - -
Indication
Note(s):

a. Codes not specified in the table are for future specification. Except for the Idle
code, these codes are listed in order of priority. Provision of the Q- and
SC1-subchannels is optional. The extension code to identify a message from an
extended set of messages for the SC1 subchannel is "0 1 0 1." The following
message codes have been reserved for ITU-TS Recommendation V.230: SC1 - "0 1
10%Q-"1101"and"1100."

b. The code "0001" will be received by an NT1 when ST Request and any other code
(except LP) is sent simultaneously by two or more TEs on a passive bus.

c. The code "0011" will be received by an NT1 when the LB1 and LB2 requests are
transmitted by two different TEs (NT2s) on a passive bus.

2.1.3.4 Code Priorities for Q-Channel and SC1-Subchannel

The following rules apply for interruption of the sending of one code by another:

1. Loss of power (LP) always takes precedence.

2. Self-Test (ST) request, indication, pass, and fail take precedence over all other

codes except LP.
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3. Far-end code violation (FECV) is instantly sent (once) and replaces one
occurrence of whatever else was being sent (except LP and ST). The FECV
messages shall not be sent when signal has been lost from the TEs.

4. Report of error (DTSE) is instantly sent (once) and replaces one occurrence of
whatever else was being sent (except LP, ST, and FECV). The DTSE messages
must not be sent when signal has been lost at the network side of the NT1.

5. Loopback requests (LB) and confirmations can interrupt only three codes (ldle,
Disruptive operation indication, and Loss of received signal).

6. Loss of received signal (LRS) replaces Idle or Disruptive operation indication
whenever the loss is detected by the NT.

7. Disruptive NT Operation Indication (DOI) cannot interrupt any other code
except Idle.

8. NORMAL is the idle code when no other codes are present.

2.1.3.5 TE-to-NT Direction Messages (Q-Bits)
2.1.3.5.1 Message Codes
The codes for the optional Q-channel messages are defined in Table 2.1.3-2.

2.1.3.5.2 Idle Channel (Normal)

The NORMAL message shall be transmitted during normal conditions, that is, at all
times when no other message is being transmitted. The continuous transmission of the
NORMAL message assures that spurious unintended loopbacks or conditions are
cleared quickly.

This will be the usual message to request the release of a loopback.

2.1.3.5.3 Loss-of-Power Indication (LP)

This message is an indication to the NT that the TE in a point-to-point configuration
or one of the TEs in a point-to-multipoint configuration has lost power and will soon
discontinue transmission. This LP message should be transmitted in at least one but
no more than three multiframes just prior to the initiation of the transmission of
INFO 0 before frame alignment is lost (see "General TE Procedures," Section
2.1.2.2.3). The transmission of this indication requires the TE to have sufficient energy
storage to maintain proper transmission for at least two full multiframes (10 ms).

2.1.3.5.4 Request Self-Test (ST)

The TE can request that the NT perform a self-test. The scope of the self-test is not
defined. The self-test report returning from the NT1 shall be pass (STP) or fail (STF).
The use of the ST message by a TE connected to an NT2 is for further study. (It is
assumed that transmission on the D-channel as well as on the B-channels may be
interrupted during the self-test.)

2.1.3.5.5 Request a Loopback (LB1, LB2, LB1/2)

The ability to request a Layer 1 B-channel loopback is independent of any current
assignment of a B-channel. Any TE can request any Layer 1 B-channel loopback at
any time regardless of whether the network has assigned the B-channel to any
particular TE on a bus.

The two loopback request messages are designated LB1 (request loopback of channel
B1) and LB2 (request loopback of channel B2). For example, a TE that is currently
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assigned to transmit over the B1 channel may send LB1 across the interface (at
reference points S or T) to request a loopback in the NT of channel B1. These LB1 and
LB2 messages are coded in such a way that the two different loopbacks can be
requested at the same time by two different TEs on a bus. The resulting message that
is received by the NT is defined as LB1/2. One TE will use the B1 channel looped back
while the other TE uses the B2 channel looped back. The LB1/2 may also originate
from a single TE.

Each loopback shall remain established as long as the NT continues to receive the
appropriate message (LB1, LB2, or LB1/2) from the TEs. Any other message that is
properly received from the TEs will cause the release of the loopback(s). The
NORMAL message is the usual way of requesting the release of a loopback.

2.1.3.5.6 Additional TE-to-NT Direction Messages
Unassigned message codes are reserved for future specification.

2.1.3.6 NT-to-TE Direction Messages (SC1 Bits)
2.1.3.6.1 Message Codes

The codes for the optional SC1-subchannel (see "S-Channel Structuring Algorithm,"
Section 2.1.2.3.5) messages are defined in Table 2.1.3-2. One of the 16 codes (0 1 0 1)
for the SC1 subchannel is defined as an escape code to extend the number of available
messages. The mechanism for using this extension code is for further study. Use of the
SC1 subchannel remains optional even when the SC2 subchannel is provided.

2.1.3.6.2 Idle Channel (Normal)

The NORMAL message shall be transmitted during normal conditions, that is, at all
times when no other message is being transmitted. The continuous transmission of the
NORMAL message assures that spurious unintended conditions are cleared quickly.

2.1.3.6.3 Loss-of-Power Indication (LP)

This is an indication to the TEs that the NT has lost power. This LP message should
be transmitted in at least one multiframe. The transmission of this indication requires
the NT to have sufficient energy storage to maintain proper transmission for at least
two multiframes (about 10 ms).

2.1.3.6.4 Self-Test Report (STP, STF)

This message is a report to the TEs of an NT self-test that was requested by a TE.
The report shall indicate pass (STP) or fail (STF).

2.1.3.6.5 Self-Test Indication (STI)

This message indicates to the TEs that the NT is in a self-test mode. The message
shall continue to be transmitted until the NT completes the self test. (It is assumed
that transmission on the D-channel as well as on the B-channels may be interrupted
during the self-test.)

2.1.3.6.6 Far-End Code Violation (FECV)

This message indicates to the TEs that a previous multiframe incoming to the NT
from the TEs contains one or more illegal S/T line-code violations. The FECV message
shall be transmitted once for each incoming multiframe that contains any illegal
line-code violations. FECV messages shall not be sent when signal has been lost from
the TEs.
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2.1.3.6.7 Detected Access Transmission System Error (DTSE-OUT, DTSE-IN)

This message is an indication to the TEs from the NT1 that a basic access system
performance monitoring capability has indicated an error in a block of bits. DTSE
messages must not be sent when signal has been lost at the network side of the NT1.
It is assumed that the performance monitoring capability will independently indicate
errors for each of the two directions of transmission. Therefore, two indications are
provided: error-out and error-in for errors that are detected in the transmitted (from
the NT1) direction and errors in the received (to the NT1) direction, respectively.

The DTSE messages shall be transmitted once for each time that a performance
monitored block is detected to contain an error. Therefore, it is recognized that, when
the S/T interface error rate is high, this information can be corrupted.

In cases where performance monitoring capability is intentionally corrupted (for
example, for testing the error detection mechanism), the transmission of any
corresponding DTSEs toward the TEs shall be suppressed. Specifically, when the NT
is connected to the network through the two-wire interface described in "Service
Provided to Layer 2," Section 2.1.1.1.2, the following defines the conditions in which
the transmission of each DTSE message is suppressed. It also identifies the incoming
network-side indicator expected to report a performance monitoring error. These
indicators are crc for cyclic redundancy check and febe for far-end block error.

SC1 Message When Suppressed PM Indicator
DTSE-IN Notified of corruption cre
DTSE-OUT Corruption requested febe
DTSE-IN/OUT Both notified and requested crc and febe

2.1.3.6.8 B-Channel Loopback Indications (LB1l, LB2I, LB1/2l)

This message indicates to the TEs that the NT is looping back B-channel 1 (LB1l) or 2
(LB2I) or both (LB1/21) toward the TEs. This message continues to be transmitted as
long as the loopback remains active.

2.1.3.6.9 Loss-of-Received-Signal Indication (LRS)

This message is an indication to the TE that the NT cannot properly identify the
signal that is being received across the U-interface. A loss of frame synchronization
shall be considered one condition when the LRS message should be transmitted
toward the TE. (Note that in some applications the loss of received signal may also
result in the A-bit being set to ZERO.)

This message should be sent continuously in all multiframes until the condition is
cleared. This message shall obey the criteria for reception and transmission as stated
in "Codes, Message Durations, and Detection Algorithms for Q-Channel and SC1
Subchannel,” Section 2.1.3.3.

2.1.3.6.10 Disruptive NT Operation Indication (DOI)

This message is an indication to the TEs that the NT is operating under a condition
that may disrupt the normal flow of D-channel messages. Several examples of
D-channel disruption are as follows:

* Looping back the full 2B+D user data stream toward the network.

* An indication from the network that it has lost transparency (disruption of Layer
2 communication) and cannot operate on D-channel messages.
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* An operator-initiated NT test that causes the NT to disrupt the D-channel
message flows in either direction.

* Any network generated alarm that indicates disruption of D-channel messages [for
example, network alarm indication, see "Network Alarm Indication (NAI)," Section
2.1.3.7.8].

e Any future S/T or network-side action that would disrupt the D-channel operation
or would remove the D-channel from service.

This message continues to be transmitted as long as the potentially disruptive
operation remains active.

2.1.3.6.11 Additional NT-to-TE Direction Messages in the SC1 Subchannel
Unassigned message codes are reserved for future specification.

2.1.3.7 NT-to-TE Direction Messages (SC2 Bits)
2.1.3.7.1 Message Codes

The message codes for the optional SC2-subchannel (see "S-Channel Structuring
Algorithm," Section 2.1.2.3.5) messages are defined in Table 2.1.3-3. Use of the SC2
subchannel remains optional even when the SC1 subchannel is provided. The
SC2-subchannel messages are used to report to the TEs (in this section, TE refers to
ISDN terminals and test equipment) a variety of possible testing, powering, and
activation/ deactivation states of the NT. One of the 16 message codes (0 0 1 0) is
defined as an escape message code to extend the number of available messages.
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Table 2.1.3-3 — Codes for SC2-Subchannel Messages

MESSAGE 2 |DESCRIPTION CODE USED

Rdea Receiving valid dea = 0. 1 1 1 1

Ract Receiving valid act = 0. 1 1 1 0

NAI Network has notified NT of a network 1 1 0 1
failure.

PPb Primary Power Bad, Secondary Good. 1 1 0 0

PSb Primary Power Good, Secondary Bad. 1 0 1 1

LUTI 2B+D looped back to Network, or NT1 1 0 1 0
placed into Quiet Mode or Insertion
Loss Mode.

LBIN B1 looped back to Network. 1 0 0 1

LB2N B2 looped back to Network. 1 0 0 0

CcrcR Corrupt crc Requested. 0 1 1 1

CcrcN Corrupt crc Notified. 0 1 1 0

Rset NT receiver is in either FULL RESET 0 1 0 1
state or RECEIVE RESET state.

RUeoc Receiving valid but unrecognized eoc 0 0 1 1
message.

Extend Introduce extended set of messages. 0 0 1 0

IBNAM SC2 Subchannel is Implemented But 0 0 0 1
there are No Active Messages.

SNI SC2 Subchannel is Not Implemented. 0 0 0 0

Note(s):

a. Remaining message codes are reserved for future specification. Provision of the
SC2-subchannel is optional.

b. Messages are reported in descending numerical order when two or more conditions
are to be reported.

2.1.3.7.2 Assumed Configuration

The messages described in "Receiving Valid dea=0 Bit (Rdea) at Network Side of NT,"
Section 2.1.3.7.6, "Receiving Valid act=0 Bit (Ract) at Network Side of NT," Section
2.1.3.7.7, "Network Alarm Indication (NAI)," Section 2.1.3.7.8, "Primary or Secondary
Power Bad (PPb or PSb)," Section 2.1.3.7.9, "Loop-Under-Test Indication (LUTI),"
Section 2.1.3.7.10, "B-Channel Loopbacks Toward the Network (LB1N, LB2N)," Section
2.1.3.7.11, "Corrupt crc Requested (CcrcR) and Notified (CcrcN),"” Section 2.1.3.7.12,
"Reset (Rset) State to Network Side of NT," Section 2.1.3.7.13, "Reception of a Valid,
but Unrecognized, eoc Message (RUeoc)," Section 2.1.3.7.14, "Subchannel Implemented
but no Active Messages (IBNAM)," Section 2.1.3.7.15, "Subchannel not Implemented
(SNI)," Section 2.1.3.7.16, "Additional NT-to-TE Direction," Section 2.1.3.7.17, apply to
the basic access configuration in which the TEs, a test set, or both are connected to an
NT1 or NT2 that is connected to the network through a 2-wire metallic loop described
in "Service Provided to Layer 2," Section 2.1.1.1.2.

Other configurations that do not include the 2-wire metallic loop may use the same
message codes for different purposes. Any messages and message codes for such
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configurations are for further study. Any message code to identify a specific
configuration or application is also for further study.

2.1.3.7.3 Message Durations and Detection Algorithms

The message code for each message consists of four bits and shall be repeated in at
least six but no more than eight consecutive SC2 message codes. An incoming message
code shall be recognized upon the third consecutive identical reception of an
SC2-subchannel message code.

Since each SC2-subchannel character requires one multiframe (5 ms), the six to eight
repetitions required for the proper transmission of an SC2-subchannel message code
have a 30- to 40-ms duration.

2.1.3.7.4 Cycling through SC2-Subchannel Messages

Several of the SC2-subchannel messages may exist at the same time. For example, a
B1-channel loopback (LB1N) toward the network may be operational while an
intentionally corrupted crc (CcrcR) is requested. In order to report all of the existing
SC2 conditions to the TEs, the SC2-subchannel messages cycle through all the
existing conditions.

The specific order in the cycle is specified in Table 2.1.3-3, top to bottom (in
descending numerical order). Conceptually, the NT could cycle through a set of flags
(ordered as in Table 2.1.3-3), a single flag representing each reportable condition.
Where a flag is found to be set, that associated message is reported in the SC2
subchannel. In this manner, only those reportable conditions that are flagged will
have messages sent on the SC2 subchannel, and those messages would be in the
proper order.

In the previous example, the SC2-subchannel message cycle consists of six to eight
LB1N message codes followed by six to eight CcrcR message codes followed by six to
eight LB1N message codes, and so forth, until either a third condition exists or one of
the existing conditions ceases to exist.

If only one reportable condition is active, the SC2 subchannel would consist of a
continuous stream (at least six occurrences) of the corresponding message code that
reports the condition. After those first six to eight message codes are sent, the NT is
required to report any newly recognized condition in the next SC2-subchannel
message code.

If no reportable condition is active, the idle message code (IBNAM) would be
transmitted continuously in the SC2 subchannel. It is not required that the idle
message code be sent in six or more consecutive message codes. It is sent only as long
as no reportable condition exists. As soon as a reportable condition is recognized, the
NT must interrupt (at the end of the current message code) the idle message code and
begin the transmission of the message code reporting the new reportable condition.

It is expected that in most instances, only one reportable condition would be active at
one time. However, there will be rare times in which two, three, or four reportable
conditions will need to be reported. In the example where four conditions are being
reported, the reporting cycle time would be 120 ms (4x30 ms) to 160 ms (4x40 ms).

In an extreme case where all conditions that can possibly exist at the same time do
co-exist, the maximum cycle time would be 360 ms: Rdea, Ract, NAI, PPb or PSb,

LB1N and LB2N, CcrcR and CcrcN, and RUeoc. The absolute maximum cycle time
would occur when the reportable conditions change rapidly during a single cycle of
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SC2-subchannel message reporting. The future possible use of the extension code
could increase the maximum cycle time.

2.1.3.7.5 Initiating and Terminating Reporting of a Condition

When a new reportable condition appears at the NT, the NT must latch the
corresponding message so that it is reported at the next opportunity, when its turn
comes up next in the reporting cycle. The message code for that message shall be
transmitted in at least one set of six to eight SC2-subchannel message codes, even if
that new condition disappears before the message can be transmitted for the first
time.

Upon the disappearance of an existing reportable condition that has already been
reported at least once, the NT unlatches the corresponding message so that it will not
be reported again when its turn comes up next in the reporting cycle.

Cases in which the NT conditions are turned on and off too rapidly and frequently
during a single reporting cycle to report in the single cycle are for further study.

2.1.3.7.6 Receiving Valid dea=0 Bit (Rdea) at Network Side of NT

When the network intends to deactivate the interface at the network side of the NT,
the NT receives a dea (deactivate) bit equal to binary ZERO from the network. See
"Service Provided to Layer 2," Section 2.1.1.1.2, for specific requirements in the use of
the dea bit. Three consecutive receptions of dea=0 (or dea=1) are generally recognized
as a valid change of state for the dea bit.

The NT may report this occurrence to the TEs by sending the Rdea message in the
SC2 subchannel. The Rdea message remains in the reporting cycle until the valid
reception of dea=1. Rdea continues to be reported if the interface at the network side
of the NT is deactivated after a valid reception of dea=0.

2.1.3.7.7 Receiving Valid act=0 Bit (Ract) at Network Side of NT

When the network temporarily loses transparency and during start-up, the NT
receives an act (activation) bit equal to binary ZERO from the network. See "Service
Provided to Layer 2," Section 2.1.1.1.2, for specific requirements regarding the act bit.
When the received act=0, the network is not ready for Layer 2 communication over the
D-channel. Three consecutive receptions of act=0 (or act=1) are recognized as a valid
change of state for the act bit.

The NT may report this occurrence to the TEs by sending the Ract message in the
SC2 subchannel. The Ract message remains in the reporting cycle until the valid
reception of act=1 or until the interface at the network side of the NT becomes
deactivated.

2.1.3.7.8 Network Alarm Indication (NAI)

An alarm indication signal from the network provides a clear indication to the NT
that a trouble condition exists within a carrier system in the basic access
configuration. See "Service Provided to Layer 2," Section 2.1.1.1.2, for specific
requirements concerning the alarm indication signal.

The NT can report this condition to the TEs by sending the NAI message on the SC2
subchannel. In this way a TE could better understand the condition that is causing a
DOI [disruptive operation indication - see "Disruptive NT Operation Indication (DOI),"
Section 2.1.3.6.10] to be sent over the SC1 subchannel. This message remains in the
reporting cycle as long as the NT continues to receive the alarm indication signal from
the network.
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2.1.3.7.9 Primary or Secondary Power Bad (PPb or PSb)

When the NT recognizes that the primary and secondary power supplies are both
normal, no power message is reported over the SC2 subchannel to the TEs. See
"Interface Connector and Contact Assignments," Section 2.1.6.1, for specific
requirements for powering across the interface.

When primary power is recognized to be normal and secondary power is marginal,
unavailable, or not provided, the NT may send the PSb (power secondary bad)
message over the SC2 subchannel. When secondary power is normal and primary
power is marginal or unavailable, the NT may send the PPb (power primary bad)
message over the SC2 subchannel. The PSb message shall not be sent by an NT1 that
is designed not to accept or operate under secondary power.

The PSb or PPb message code remains in the reporting cycle until either the
subnormal power returns to normal or both sources of power become marginal,
unavailable, or not provided. When both are subnormal, the NT may report LP in the
SC1 subchannel to report loss of power (see "Test Load Impedance,” Section 2.1.4.6.2),
and a corresponding SC2 channel message is unnecessary.

2.1.3.7.10 Loop-Under-Test Indication (LUTI)

The network may place the customer loop into various test conditions to diagnose
suspected problems. A 2B+D loopback at the NT1 toward the network is one kind of
test used while the basic access carries transmission in both directions. Other
examples of network-imposed test conditions are NT1 quiet mode and NT1
insertion-loss test signal, both useful for metallic access testing when the access
cannot be activated for one reason or another. See "Service Provided to Layer 2,"
Section 2.1.1.1.2, for specific requirements for 2B+D loopbacks, quiet mode, and
insertion loss.

The NT may inform the TEs whenever the network side of the NT is under some
network-imposed test that prohibits call origination. The LUTI message on the SC2
subchannel notifies the TEs of any such test conditions.

This SC2-subchannel message may be used in conjunction with SC1-subchannel
messages. For example, for 2B+D loopbacks the disruptive NT operation indication
(DOI) may be sent over the SC1 Subchannel (see "Disruptive NT Operation Indication
(DOI)," Section 2.1.3.6.10). For quiet mode or insertion loss, the NT may place the loss
of received signal message (LRS) on the SC1 subchannel (see "Loss-of-Received-Signal
Indication (LRS)," Section 2.1.3.6.9).

2.1.3.7.11 B-Channel Loopbacks Toward the Network (LB1N, LB2N)

When the NT is providing a B-channel loopback toward the network, this loopback
condition can be reported to the TEs through the use of one of two loopback messages
on the SC2 subchannel.

The LB1N message reports the loopback of the B1 channel toward the network, and
LB2N reports the loopback of the B2 channel toward the network. When the full 2B+D
stream of user data is looped back toward the network, the LUTI message is used [see
"Loop-Under-Test Indication (LUTI)," Section 2.1.3.7.10].

The appropriate loopback message remains in the reporting cycle as long as the
corresponding channel remains looped back toward the network.
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2.1.3.7.12 Corrupt crc Requested (CcrcR) and Notified (CcrcN)

The cyclic redundancy check (crc) calculation is performed by both the network and
the NT to indicate the integrity of the transmitted and received bit streams across the
interface at the network side of the NT. See "Service Provided to Layer 2," Section
2.1.1.1.2, for specific requirements relating to crc calculations.

The network may check its crc-error detection mechanism by requesting the NT to
transmit an intentionally corrupt crc calculation for its transmitted bit stream toward
the network. When the network recognizes its received corrupted crc calculation, it
sends back a febe (far-end block error) bit equal to binary ZERO. See "Service
Provided to Layer 2," Section 2.1.1.1.2, for specific requirements relating to crc
calculations and febe bits.

The network can also check the crc-error detection mechanism of the NT by sending
an intentionally corrupt crc calculation for its transmitted bit stream toward the NT.
Through the embedded operations channel (eoc) at the network side of the NT, the
network informs the NT that the NT incoming crc calculations are intentionally
corrupted. See "Service Provided to Layer 2," Section 2.1.1.1.2, for specific
requirements relating to crc calculations and febe bits.

The NT can inform the TEs and a test set that intentionally corrupted crc calculations
are being transmitted, received, or both across the interface at the network side of the
NT. This intentionally corrupted crc condition can be reported by sending one of the
two messages in the SC2 subchannel.

The CcrcR message indicates that the network requested the NT to transmit
intentionally corrupted crc calculations. The CcrcN message indicates that the
network has notified the NT that the NT incoming bit stream includes intentionally
corrupted crc calculations. The appropriate Ccrc message remains in the reporting
cycle as long as the intentional crc-error condition continues to exist.

2.1.3.7.13 Reset (Rset) State at Network Side of NT

The Rset message indicates that the NT is in one of the RESET states, either the
RECEIVE RESET state or the FULL RESET state (see "Service Provided to Layer 2,"
Section 2.1.1.1.2).

In the transient RECEIVE RESET state the NT is not transmitting toward the
network; it may respond to the start-up signal from the network; but it is not
permitted to initiate transmission even to request service. See "Service Provided to
Layer 2," Section 2.1.1.1.2, for the specific requirements for NT transceivers in this
RESET state.

In the FULL RESET state the NT transceiver is not transmitting toward the network;
it may respond to the start-up signal from the network; and it may initiate
transmission only to request service. See "Service Provided to Layer 2," Section
2.1.1.1.2, for the specific requirements for transceivers in this RESET state.

The NT may be in one of the RESET states during power-up, during the start-up
sequence, and during loss of signal from the network.

Whenever the NT transceiver enters one of these RESET states, it may report the
condition to the TEs by using the Rset message on the SC2 subchannel. This message
shall remain in the reporting cycle as long as the NT remains in either the RECEIVE
RESET state or the FULL RESET state.
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2.1.3.7.14 Reception of a Valid, but Unrecognized, eoc Message (RUeoc)

The NT may be receiving a valid (three identical consecutive messages), but
unrecognized, message over the embedded operations channel from the network. This
is possible when a newer vintage network is working with an older vintage NT. The
NT can report such a reception by transmitting the RUeoc message over the SC2
subchannel.

2.1.3.7.15 Subchannel Implemented but no Active Messages (IBNAM)

The IBNAM code shall be transmitted at all times when no other message is being
transmitted on the SC2 subchannel. It indicates to the TEs that the SC2 subchannel
is implemented and all conditions are normal: dea=1, act=1, no network alarms,
primary and secondary power are normal, no channels are being looped back toward
the network, no NT1 test modes are in effect, no corrupt crc calculations are requested
or notified, the network-side transceiver is not in a RESET state, and no unrecognized
eoc messages are being received.

2.1.3.7.16 Subchannel not Implemented (SNI)

When the SC2 subchannel is not implemented by the NT1, this message, all zeros (0 0
0 0), is transmitted continuously on the SC2 subchannel toward the TEs.

2.1.3.7.17 Additional NT-to-TE Direction Messages in the SC2 Subchannel
Unassigned message codes are reserved for future specification.
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2.1.4 ELECTRICAL CHARACTERISTICS

2.1.4.1 Grounding
Refer to "Reference Configuration,” Section 2.1.5.2, for grounding information.

2.1.4.2 Bit Rate
2.1.4.2.1 Nominal Rate
The nominal bit rate is 192 kbps.

2.1.4.2.2 Tolerance
The tolerance (free-running mode) is +100 ppm.

2.1.4.3 Jitter and Bit-Phase Relationship Between TE Input and Output
2.1.4.3.1 Test Configurations

The jitter and phase deviation measurements are carried out with four different
waveforms at the TE input, in accordance with the following configurations:

a. Point-to-point configuration with 6-dB attenuation measured between the two
terminating resistors at 96 kHz (high capacitance cable)

b. Short passive bus with eight TEs (including the TE under test) clustered at the
far end from the signal source (high capacitance cable)

c. a) and b) Short passive bus with the TE under test adjacent to the signal source
and the other seven TEs clustered at the far end from the signal source (high
and low capacitance cable)

d. Ideal test signal condition, with one source connected directly to the receiver of
the TE under test (that is, without artificial line).

Examples of waveforms that correspond to the configurations a, b, ¢, and d are given
in Figures 2.1.4-1, 2.1.4-2, 2.1.4-3, and 2.1.4-4. Test configurations that can generate
these signals are given in "Test Configurations," Section 2.1.6.9.

2.1.4.3.2 Timing Extraction Jitter

Timing extraction jitter, as observed at the TE output, shall be within =7 percent to
+7 percent of a bit period, when the jitter is measured using a high-pass filter with a
cut-off frequency (3-dB point) of 30 Hz under the test conditions described in "Test
Configurations,” Section 2.1.4.3.1. The limitation applies with an output data sequence
having binary ZEROs in both B-channels and with input data sequences described in
a) to c). The limitation applies to the phase of all zero-volt crossings of all adjacent
binary ZEROs in the output data sequence.

* A sequence consisting of continuous frames with all binary ONEs in D, D-echo,
and both B-channels.

* A sequence, repeated continuously for at least 10 seconds, consisting of :

— 40 frames with continuous octets of "10101010" (the first bit to be transmitted
is binary ONE) in both B-channels and continuous binary ONEs in D and
D-echo channels followed by

— 40 frames with continuous binary ZEROs in D, D-echo, and both B-channels.

A sequence consisting of a pseudo-random pattern with a length of 2'° -1 in D,
D-echo, and both B-channels. (This pattern may be generated with a shift register
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with 19 stages with the outputs of the first, the second, the fifth, and the
nineteenth stages added together (modulo 2) and fed back to the input.)

1.40
1.00
0.60
//
=
Amplitude 020 ¢ T—— 7\“:
(normalized)_o.zo N — | NA—
N
-.060 -—— -
-1.00
-1.40

0.10 030 050 0.70 090 1.10 1.30 150 1.70 190 210
Time (clock periods)

Figure 2.1.4-1 — Waveform for Test Configuration i) - Point-to-Point (6 dB) (C = 120
nF/km)

Page 2.1.4-2 Issue 6.00



235-900-341 PHYSICAL LAYER
October 1999
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i
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-.060

-1.00

-1.40

0.10 030 050 0.70 090 1.10 1.30 150 1.70 190 210
Time (clock periods)

Figure 2.1.4-2 — Waveform for Test Configuration ii) - Short Passive Bus with Eight
Clustered TEs at the Far End (C = 120 nF/km)

1.40

1.00

0.60

0.20

Amplitude
(normalized)
-0.20

-.060

-1.00

-1.40

0.10 030 050 070 090 110 130 150 1.70 190 2.10
Time (clock periods)

Figure 2.1.4-3 — Waveform for Test Configuration iii a) - Short Passive Bus with One
TE Near to NT, and Seven TEs at the Far End (C = 120 nF/km)
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-1.40 \\J/ \4/

0.10 030 050 0.70 0.90 1.10 1.30 150 1.70 1.902.10
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Figure 2.1.4-4 — Waveform for Test Configuration iii b) - Short Passive Bus with One
TE Near to NT, and Seven TEs at the Far End (C = 30 nF/km)

2.1.4.3.3 Total Phase Deviation, Input to Output

The total phase deviation (including effects of timing extraction jitter in the TE),
between the transitions of signal elements at the output of the TE and the transitions
of signal elements associated with the signal applied to the TE input, should not
exceed the range of =7 percent to +15 percent of a bit period. This limitation applies to
the output signal transitions of each frame with the phase reference defined as the
average phase of the crossing of zero volts that occurs between the framing pulse and
its associated balance pulse at the start of the frame and the corresponding crossings
at the start of the three preceding frames of the input signal. For the purpose of
demonstrating compliance of an equipment, it is sufficient to use (as the input signal
phase reference) only the crossing of zero volts between the framing pulse and its
associated balance pulse of the individual frame. This latter method, requiring a
simpler test set, may create additional jitter at frequencies higher than about 1 kHz
and is therefore more restrictive. The limitation applies to the phase of the zero-volt
crossings of all adjacent binary ZEROs in the output data sequence, which shall be as
defined in "Timing Extraction Jitter," Section 2.1.4.3.2. The limitation applies under
all test conditions described in "Test Configurations,” Section 2.1.4.3.1, with the
additional input signal conditions specified in a) to d), and with superimposed jitter as
specified in Figure 2.1.4-5 over the range of frequencies from 5 Hz to 2 kHz. The
limitation applies for input bit rates of 192 kbps + 100 ppm.

a. A sequence consisting of continuous frames with all binary ONEs in D, D-echo,
and both B-channels.

b. A sequence consisting of continuous frames with the octet “10101010" (the first
bit to be transmitted is binary ONE) in both B-channels and binary ONEs in
D-channels and D-echo channels.
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c. A sequence of continuous frames with binary ZEROs in D, D-echo, and both
B-channels.

d. A sequence of continuous frames with a pseudo-random pattern, as described in
"Timing Extraction Jitter," Section 2.1.4.3.2, in D, D-echo, and both B-channels.

N
\

\\
\\\\\
AN
0.5
Peak-
to-
Peak
Jitter
(Uls)
0.05 sa s _______
| I | | | %
50 Hz 2 kHz

Frequency (f)

Note 1: (Ul) = Unit Interval = Bit Period5.21us

Note 2: For the purpose of the requirements of this section, the
significant frequency range is between 5 Hz and 2 kHz.

Figure 2.1.4-5 — Lower Limit of Maximum Tolerable Jitter at TE Input
(Log-Log-Scale)

2.1.4.4 NT Jitter Characteristics

The maximum jitter (peak-to-peak) in the output sequence of an NT shall be 5 percent
of a bit period when measured using a high-pass filter having a cut-off frequency
(3-dB point) of 50 Hz and an asymptotic roll off of 20 dB per decade. The limitation
applies for all data sequences, but for the purpose of demonstrating the compliance of
an equipment, it is sufficient to measure jitter with an output data sequence
consisting of binary ONEs in D- and B-channels and with an additional sequence as
described in "Timing Extraction Jitter," Section 2.1.4.3.2, in D- and B-channels. The
limitation applies to the phase of all zero-volt crossings of all adjacent binary ZEROs
in the output data sequence.

2.1.4.5 Termination of the Line

The interchange circuit pair termination shall be 100 ohms % 5 percent (see Figure
2.1.1-1). See "Termination of the Line," Section 2.1.6.10, for various ways of providing
the termination.
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2.1.4.6 Transmitter Output Characteristics
2.1.4.6.1 Transmitter Output Impedance

The following requirements apply at interface point 1, (see Figure 2.1.1-1) for TEs and
at interface point Ig for NTs. (See "NT and TE Associated Wiring," Section 2.1.1.3.6,
and "Standard ISDN Basic Access TE Cord," Section 2.1.4.11, regarding capacitance of
the cord.)

2.1.4.6.1.1 NT Transmitter Output Impedance

A. At all times except when transmitting a binary ZERO, the output impedance, in
the frequency range of 2 kHz to 1 MHz, shall exceed the impedance indicated by
the template in Figure 2.1.4-6. The requirement is applicable with an applied
sinusoidal voltage of 100 mV (r.m.s. value).

Note: In some applications, the terminating resistor can be combined with the
NT (see point B of Figure 2.1.1-1). The resulting impedance is the impedance
needed to exceed the combination of the template and the 100-ohm termination.

B. When transmitting a binary ZERO, the output impedance shall be = 20 ohms.

Note: The output impedance limit shall apply for two nominal load impedance
(resistive) conditions: 50 ohms and 400 ohms. The output impedance for each
nominal load shall be defined by determining the peak pulse amplitude for loads
equal to the nominal value £10 percent. The peak amplitude shall be defined as
the amplitude at the midpoint of a pulse. The limitation applies for pulses of
both polarities.

Q

2500

0z O
265
250
100
2 20 106 1000
Frequency (kHz)

Figure 2.1.4-6 — NT Impedance Template (Log-Log Scale)

2.1.4.6.1.2 TE Transmitter Output Impedance
« At all times except when transmitting a binary ZERO, the following requirements
apply.

— The output impedance, in the frequency range of 2 kHz to 1 MHz, shall exceed
the impedance indicated by the template in Figure 2.1.4-7. This requirement is
applicable with an applied sinusoidal voltage of 100 mV (r.m.s. value).
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— At a frequency of 96 kHz, the peak current that results from an applied
voltage of up to 1.2V (peak value) shall not exceed 0.6 mA (peak value).

* When transmitting a binary ZERO, the output impedance shall be = 20 ohms.

Note: The output impedance limit shall apply for two nominal load impedance
(resistive) conditions: 50 ohms and 400 ohms. The output impedance for each
nominal load shall be defined by determining the peak pulse amplitude for loads
equal to the nominal value +10 percent. The peak amplitude shall be defined as
the amplitude at the midpoint of a pulse. The limitation applies for pulses of both
polarities.

Q

2500

Uz O

250
200

100

2 20 80 1000
Frequency (kHz)

Figure 2.1.4-7 — TE Impedance Template (Log-Log Scale)

2.1.4.6.2 Test Load Impedance

The test load impedance shall be 50 ohms (unless otherwise indicated). The 50-ohm
load represents the combined effect of the two 100-ohm terminating impedances.
Therefore, the 50-ohm test load impedance applies to the outputs of a TE and of an
NT that does not have a built-in terminating impedance. For an NT with a built-in
terminating impedance, the test load impedance shall be 100 ohms, representing the
terminating impedance at the TE.

2.1.4.6.3 Pulse Shape and Amplitude (Binary Zero)
2.1.4.6.3.1 Pulse Shape

Except for overshoot, limited as follows, pulses shall be within the mask of Figure
2.1.4-8. Overshoot, at the leading edge of pulses, of up to 5 percent of the pulse
amplitude at the middle of a signal element, is permitted, provided that such
overshoot has, at half of its amplitude, a duration of less than 0.25 psec.

See "Bit Rate," Section 2.1.4.2, for a precise specification of the bit rate.
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5.73ps
10% 7
V = 100% 7 . .
10% % 3 = (52'11?&?’04) = 3 Nominal pulse
| A
2R 5.21us |
/ | M |
7 |
/ I I
/ I I
/ I I
/ | |
/ | |
/ | |
/ | |
50% : :
A |
7 |
1 :
7 } 4.69ps }
% i (5.21-0.52) i
7 i
7% 2 l 6.25s L Ly,
ol 8% ST eaeioay 1
5% 10% Z
) 7777
4 10.42ps
(5.21 + 5.21) |

NOTE: The above values are based on a pulse width of 5.21 ps. “Bit Rate,” Section
2.1.4.2, provides a precise specification of the bit rate.

Figure 2.1.4-8 — Transmitter Output Pulse Mask
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Note: For clarity of presentation, the previously referenced values are based on a

pulse width of 5.21 ps.
Figure 2.1.4-9 — Voltage for an Isolated Pulse with a Test Load of 400 Ohms
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2.1.4.6.3.2 Nominal Pulse Amplitude
The nominal pulse amplitude shall be 750 mV, zero to peak.

A positive pulse (in particular a framing pulse) at the output port of the NT and TE is
defined as a positive polarity of the voltage measured between access leads 5 to 4 and
6 to 3, respectively (Figure 2.1.5-1). (See Table 2.1.6-1 for the relationship to connector

pins.)
2.1.4.6.4 Pulse Unbalance

The "pulse unbalance," that is, the relative difference in JU(t) dt for positive pulses
and [U(t) dt for negative pulses, shall be <5 percent.

2.1.4.6.5 \Voltage on Other Test Loads (TE Only)

The following requirements are intended to assure compatibility with the condition in
which multiple TEs are simultaneously transmitting pulses onto a passive bus.

2.1.4.6.5.1 400-Ohm Load

A pulse (binary ZERO) shall conform to the limits of the mask shown in Figure 2.1.4-9
when the transmitter is terminated in a 400-ohm load. See "Bit Rate," Section 2.1.4.2,
for a precise specification of the bit rate.

2.1.4.6.5.2 5.6-Ohm Load

To limit the current flow with two drivers having opposite polarities, the pulse
amplitude (peak) with a 5.6-ohm load shall be < 20 percent of the nominal pulse
amplitude.

2.1.4.6.6 Unbalance About Earth

The following requirements apply under all possible power feeding conditions, under
all possible connections of the equipment to ground, and with two 100-ohm
terminations across the transmit and receive ports.

2.1.4.6.6.1 Longitudinal Conversion Loss

Longitudinal conversion loss (LCL), which is measured in accordance with ITU-TS
Recommendation G.117, Section 4.1.3 (see Figure 2.1.4-10), shall meet the following
requirements:

a. 10 kHz <f <300 kHz: =54 dB
b. 300 kHz < f <1 MHz: minimum value decreasing from 54 dB at 20 dB/decade.

2.1.4.6.6.2 Output Signal Balance

Output signal balance, which is measured in accordance with ITU-TS
Recommendation G.117, Section 4.3.1 (see Figure 2.1.4-11), shall meet the following
requirements:

a. 10 kHz <f <96 kHz: = 54 dB
b. 96 kHz < f <1 MHz: minimum value decreasing from 54 dB at 20 dB/decade.

Page 2.1.4-10 Issue 6.00



235-900-341 PHYSICAL LAYER
October 1999

TE (NT)

r-——>~>~>">"~>~=—-=-=- - -~ "
| |
| L
l REC | .
| OR wv
| |
S I .
! ] Note 1
: Power | :
| sink 1 |

Metal : (source 1) :

foil I :
| SEND | 7

U L S
ote 2 < 200 pF 1 " Notel E
: : ~ i(rms)
L - - - _____ |
5000 Note 3 Note 4 00 (1v)
% g

Ground (Im x 1m metal plate)

The longitudinal conversion loss: e O
E
LCL =20logy, DV_LDjB.
T

g
The voltages V; and E, should be measured wnDthm the frequency range from 10 kHz
up to 1 MHz using selective test-measuring equipment.

The measurement should be carried out in the states:
— TE and NT deactivated (receive, send)
— TE power off (receive, send)
— TE and NT activated (receive)

The interconnecting cord shall lie on the metal plate.

Note 1: This resistor must be omitted if the termination is already built into the TE
(NT).

Note 2: Hand imitation is a thin metal foil with approximately the size of a hand.

Note 3: TE (NT) with a metallic housing shall have a galvanic connection to the
metal plate. Other TE (NT) with nonmetallic housing shall be placed on the metal
plate.

Note 4. The power cord for mains-powered TE (NT) shall lie on the metal plate and
the earth protective wire of the mains shall be connected to the metal plate.

Note 5: If there is no Power Source 1 in the NT, Rg and Lg are not required.

Note 6: This circuit provides a transverse termination of 100 ohms and a balanced
longitudinal termination of 25 ohms. Any equivalent circuit is acceptable. However, for
equivalent circuits given in ITU-TS Recommendations G.117 and 0.121, powering
cannot be provided.

Figure 2.1.4-10 — Receiver Input or Transmitter Output Unbalance About Earth
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The output signal balance =
av; O
20logg DV_[dB .

oYL Qo o
The voltages V; and V| should be measured within the frequency range from 10 kHz
up to 1 MHz using selective test-measuring equipment.

The measurement should be carried out in the active state. The pulse patterns should
contain all binary ZEROs. However, for the purpose of demonstrating the compliance
of an equipment, it is sufficient to measure the output signal unbalance about earth
with a pulse pattern of contiguous frames with at least the B1 and B2 channels
contains all binary ZEROs.

The interconnecting cord shall lie on the metal plate.

Note 1: This resistor must be omitted if the termination is already built into the TE
(NT).

Note 2: Hand imitation is a thin metal foil with approximately the size of a hand.

Note 3: TE (NT) with a metallic housing shall have a galvanic connection to the
metal plate. Other TE (NT) with nonmetallic housing shall be placed on the metal
plate.

Note 4: The power cord for mains-powered TE (NT) shall lie on the metal plate and
the earth protective wire of the mains shall be connected to the metal plate.

Note 5: If there is no Power Source 1 in the NT, Rg and Lg are not required.

Note 6: This circuit provides a transverse termination of 100 ohms and a balanced
longitudinal termination of 25 ohms. Any equivalent circuit is acceptable. However, for
equivalent circuits given in ITU-TS Recommendations G.117 and 0.121, powering
cannot be provided.

Figure 2.1.4-11 — Transmitter Output Unbalance About Earth
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2.1.4.7 Receiver Input Characteristics
2.1.4.7.1 Receiver Input Impedance
2.1.4.7.1.1 TE Receiver Input Impedance

At all times, TEs shall meet the same input impedance requirements as specified in
"TE Transmitter Output Impedance," Section 2.1.4.6.1.2 (for the output impedance of
TEs when not transmitting binary ZERO).

2.1.4.7.1.2 NT Receiver Input Impedance
At all times, the following requirements apply:

e The input impedance in the frequency range of 2 kHz to 1 MHz, shall exceed the
impedance indicated by the template in Figure 2.1.4-6. This requirement is
applicable with an applied sinusoidal voltage of 100 mV (r.m.s. value).

» At a frequency of 96 kHz, the peak current that results from an applied voltage of
up to 1.2V (peak value) shall not exceed 0.5mA (peak value).

Note: In some applications, the 100-ohm terminating resistor can be combined with
the NT (see point B of Figure 2.1.1-1). The resulting impedance is the impedance
needed to exceed the combination of the template and the 100-ohm termination (see
"Termination of the Line," Section 2.1.4.5).

2.1.4.7.2 Receiver Sensitivity - Noise and Distortion Immunity

Requirements applicable to TEs and NTs for three different interface wiring
configurations are given in the following subsections. TEs and NTs shall receive,
without errors (for a period of at least 1 minute), an input with a pseudo-random
sequence (word length = 511 bits) in all information channels (combination of
B-channel, D-channel and, if applicable, the D-echo channel).

The receiver shall operate, with any input sequence, over the full range indicated by
the waveform mask.

214721 TEs

TEs shall operate, as required, with the input signals conforming to the waveforms
specified in "Test Configurations," Section 2.1.4.3.1. For the waveforms in Figures
2.1.4-2, 2.1.4-3, and 2.1.4-4, TEs shall operate, as required, with the input signals
having any amplitude in the range of +1.5 dB to —3.5 dB relative to the nominal
amplitude of the transmitted signal as specified in "Nominal Pulse Amplitude,”
Section 2.1.4.6.3.2.

For signals conforming to the waveform in Figure 2.1.4-1, operation shall be
accomplished for signals having any amplitude in the range of +1.5 dB to -7.5 dB
relative to the nominal amplitude of the transmitted signal as specified in "Nominal
Pulse Amplitude,” Section 2.1.4.6.3.2. In addition, TEs shall operate, as required, with
signals conforming to each waveform with jitter up to the maximum permitted (see
"NT Jitter Characteristics," Section 2.1.4.4) in the output signal of NTs superimposed
on the input signal.

For demonstrating the compliance of an equipment, it shall be sufficient to
demonstrate satisfactory operation with jitter of 5 percent peak-to-peak at frequencies
of 1000 Hz and 7000 Hz superimposed individually on the input signal. Additionally,
for input signals having the waveform shown in Figure 2.1.4-1, the TEs shall operate,
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as required, with sinusoidal signals having an amplitude of 100 mV (peak-to-peak
value) at frequencies of 200 kHz and 2 MHz superimposed individually on the input
signal along with jitter.

2.1.4.7.2.2 NTs for Short Passive Bus (fixed timing)

The NTs designed to operate with only short passive bus wiring configurations shall
operate, as required, when receiving input signals indicated by the waveform mask
shown in Figure 2.1.4-12. NTs shall operate, as required, with the input signals
having any amplitude in the range of + 1.5 dB to —3.5 dB relative to the nominal
amplitude of the transmitted signal as specified in "Nominal Pulse Amplitude,”
Section 2.1.4.6.3.2.

In Figure 2.1.4-12 the following applies:
1. Shaded area is the region in which pulse transitions may occur.

2.  The waveform mask is based on the "worst case" configuration shown in Figure
2.1.6-11 and waveforms ii) and iii) in "Test Configurations, Section 2.1.4.3.1. The
shaded area of -7 percent of 1 clock period accounts for the situation of a single
TE connected directly to the NT with a zero-length passive bus. However, the
waveform mask does not show the higher possible amplitude of framing and
D-channel bit pulses and their associated balancing bits. This waveform mask
does not account for transient effects.

—= = _7% —= == _7%

10 T T T T T

0.8 1,clock period

0.4
Amplitude 85 / } / } /
(normalized)

-0.2

-0.4

06 - ve - ve -

-0.8

-1.0

0.0 0.5 1.0 15 2.0
Time (clock periods)
NT transmit clock NT transmit clock

Figure 2.1.4-12 — Short Passive Bus Receive Pulse Waveform Mask
2.1.4.7.2.3 NTs for Both Point-to-Point and Short Passive Bus Configurations
(Adaptive Timing)

The NTs designed to operate with either point-to-point or short passive bus wiring
configurations shall operate, as required, when receiving input signals indicated by
the waveform mask shown in Figure 2.1.4-13. These NTs shall operate, as required,
with the input signals having any amplitude in the range of + 1.5 dB to -3.5 dB
relative to the nominal amplitude of the transmitted signal as specified in "Nominal
Pulse Amplitude,” Section 2.1.4.6.3.2.

In Figure 2.1.4-13 the following applies:

1. Shaded area is the region in which pulse transitions may occur.
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2.  The waveform mask is based on the same "worst case" passive bus configuration
as the waveform mask in Figure 2.1.4-12 except that the permitted round-trip
delay of the cable is reduced. The shaded area of -7 percent of 1 clock period
accounts for the situation of a single TE connected directly to the NT with a zero
length passive bus. However, the waveform mask does not show the higher
possible amplitude of framing and D-channel bit pulses and their associated
balancing bits. This waveform mask does not account for transient effects.

These NTs shall also operate, as required, when receiving signals conforming to the
waveform in Figure 2.1.4-1. For signals conforming to this waveform, operation shall
be accomplished for signals having any amplitude in the range of +1.5 dB to —-7.5 dB
relative to the nominal amplitude of the transmitted signal as specified in "Nominal
Pulse Amplitude,” Section 2.1.4.6.3.2. Additionally, these NTs shall operate, as
required, with the sinusoidal signals, as specified in "TEs," Section 2.1.4.7.2.1, and
jitter up to the maximum permitted in the output signal of TEs (see "Timing
Extraction Jitter," Section 2.1.4.3.2), superimposed on the input signals having the
waveform in Figure 2.1.4-1.

For demonstrating the compliance of an equipment, it is sufficient to demonstrate
satisfactory operation with jitter of + 10 percent peak at frequencies of 1,000 Hz and
7,000 Hz superimposed individually on the input signal.

—_— = — 7% —_— = — 7%
10 T T T T T
0.8 1 clock perio
0.6
0.4

0.2
Amplitude 0 / / /
(normalized) 0'2

-0.4
-0.6
-0.8
-1.0

- - -

0.0 1.0 2.0
Time (clock periods)

NT transmit clock NT transmit clock

Figure 2.1.4-13 — Passive Bus Receive Pulse Waveform Mask

2.1.4.7.2.4 NTs for Extended Passive Bus Wiring Configurations

The NTs designed to operate with extended passive bus wiring configurations shall
operate, as required, when receiving input signals indicated by the waveform mask
shown in Figure 2.1.4-14. These NTs shall operate, as required, with the input signals
having any amplitude in the range of + 1.5 dB to —5.5 dB relative to the nominal
amplitude of the transmitted signal as specified in "Nominal Pulse Amplitude,”
Section 2.1.4.6.3.2. Additionally, these NTs shall operate with the sinusoidal signals,
as specified in "TEs," Section 2.1.4.7.2.1, superimposed on the input signals having the
waveform shown in Figure 2.1.4-14. (The previous values assume a maximum cable
loss of 3.8 dB. The NTs may be implemented to accommodate higher cable loss.)

In Figure 2.1.4-14 the following applies:

1. Shaded area is the region in which pulse transitions may occur.
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2.  The waveform mask is based on the "worst case" extended passive bus wiring
configuration. It consists of a cable having a characteristic impedance of 75
ohms, a capacitance of 120 nF/km, a loss of 3.8 dB at 96 kHz, four TEs
connected such that the differential delay is at the maximum permitted by
"Pulse Unbalance," Section 2.1.4.6.4. The waveform mask does not show the
higher possible amplitude of framing and D-channel bit pulses and their
associated balancing bits. This waveform mask does not account for transient
effects.

This discussion also applies to the branched passive bus described in "Branched
Passive Bus Wiring Configuration," Section 2.1.6.5.

1.0
0.8
0.6
0.4

Amplitude
(normalized) 0'2 C— | L

-0.4
-0.6 L L
-0.8
-1.0

0.0 1.0 2.0
Time (clock periods)

Figure 2.1.4-14 — Extended Passive Bus Receive Pulse Waveform Mask

2.1.4.7.2.5 NTs for Point-to-Point Configurations Only

The NTs designed to operate with only point-to-point wiring configurations shall
operate, as required, when receiving input signals having the waveform shown in
Figure 2.1.4-1. These NTs shall operate, as required, with the input signals having
any amplitude in the range of +1.5 dB to —7.5 dB relative to the nominal amplitude of
the transmitted signal as specified in "Nominal Pulse Amplitude,” Section 2.1.4.6.3.2.
Additionally, these NTs shall operate, as required, with the sinusoidal signals, as
specified in "TEs," Section 2.1.4.7.2.1, and with jitter up to the maximum permitted in
the output signal of TEs (see "Timing Extraction Jitter," Section 2.1.4.3.2),
superimposed on the input signals having the waveform shown in Figure 2.1.4-1. For
demonstrating the compliance of an equipment, it is sufficient to demonstrate
satisfactory operation with jitter of + 10 percent peak at frequencies of 1,000 Hz and
7,000 Hz superimposed individually on the input signal.

2.1.4.7.3 NT Receiver Input Delay Characteristics
2.1.4.7.3.1 Round-trip Delay Measurement

Round-trip delay is always measured between the zero-volt crossings of the framing
pulse and its associated balance-bit pulse at the transmit and receive side of the NT
(see "Wiring Configurations and Round-trip Delay Considerations Used as a Basis for
Electrical Characteristics," Section 2.1.6.3).

2.1.4.7.3.2 NT for Short Passive Bus

The NTs shall accommodate round-trip delays of the complete installation, including
TEs, in the range:

10 to 14 ps.
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2.1.4.7.4 NT for Both Point-to-Point and Passive Bus

The NTs shall accommodate round-trip delays (for passive bus configurations) in the
range:

10 to 13 ps.

The NTs shall accommodate round-trip delays (for point-to-point configurations) in the
range:

10 to 42 ps.
2.1.4.7.4.1 NT for Extended Passive Bus
The NTs shall accommodate round-trip delays in the range:
10 to 42 ups,
provided that the differential delay of signals from different TEs is in the range:
0 to 2 ps.
2.1.4.7.4.2 NT for Point-to-Point Only
The NTs shall accommodate round-trip delays in the range:
10 to 42 ps.
2.1.4.7.5 Unbalance About Earth

Longitudinal conversion loss (LCL) of receiver inputs, measured in accordance with
ITU-TS Recommendation G.117, Section 4.1.3, by considering the power feeding and
two 100-ohm terminations at each port, shall meet the following requirements (see
Figure 2.1.4-10).

e 10 kHz < f < 300 kHz: = 54 dB
e 300 kHz < f £ 1 MHz: minimum value decreasing from 54 dB with 20 dB/decade.

2.1.4.8 Isolation from External Voltages

Precautions shall be taken to ensure that, under power fault conditions, no fire or
shock hazard is created by TEs, NTs, terminating resistors, or interface cabling. Test
conditions described in Underwriters Laboratories standards on information systems,
business equipment, and telephone equipment shall apply; specifically the test
conditions described in UL* 478-1985 and UL 1459-1988.

2.1.4.9 Electrical Environment

In order to specify the electrical environment in which TEs and NTs should operate, it
is necessary to distinguish between exposed and unexposed wiring. Descriptions of
exposed and unexposed wiring may be found in the American National Standard
National Electrical Safety Code, ANSI? C2-1990, and in the Lighting Protection Code,
ANSI /NFPA 78-1989.

2.1.49.1 Unexposed Wiring

The TEs and NTs designed and intended to be connected to only unexposed wiring for
the S/T interface should not be damaged by the following conditions:

e DC voltages with the following characteristics:
— Amplitude: 56.5 volts

1. Registered trademark of Underwriter’s Laboratories, Inc.
2. Registered trademark of American National Standard Institute.
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— Current limit: 0.5 amperes
— Duration: continuous

To test for compliance, voltages of each polarity shall be applied between each
interface conductor and each other interface conductor and between each interface
conductor and the ground reference of the equipment power source, where such power
source is not associated with the interface. The application of each voltage shall be
maintained for 5 minutes.

* AC voltages with the following characteristics:
— Amplitude: 200 volts peak
— Source resistance: 1500 ohms
— Frequency: 20 Hz
— Duration: 2 seconds on, 4 seconds off, continuously

To test for compliance, the voltage shall be applied between each interface conductor
and each other interface conductor and between each interface conductor and the
ground reference of the equipment power source, where such power source is not
associated with the interface. The application of each voltage shall be maintained for 5
minutes.

» \oltage surges with the following characteristics:
— Amplitude: 1000 volts peak
— Rise time: 1 ps
— Fall time: 50 ps

— Source impedance: impedance of 0.015 pF capacitance (balanced with respect
to individual conductors of circuit pair).

To test for compliance, 50 surges of each polarity shall be applied between all interface
conductors and the ground reference of the equipment power source, where such
source is not associated with the interface. Each surge should be simultaneously
coupled to individual conductors, each through an impedance of 0.015 pF, balanced
with respect to individual conductors of the circuit pair. For TEs that use interface
Power Source 2, the surge shall also be applied with respect to the reference of this
power source.

Equipment should also comply with ITU-TS Recommendation K.22.

2.1.4.9.2 Exposed Wiring
For further study.

2.1.4.10 Interconnecting Media Characteristics

Interface cables (or cabling) shall include twisted metallic pairs (two or four as
required). Such pairs will frequently be part of the customers’ premises distribution
systems. The transmission characteristics of the transmit and receive pairs shall be
such that satisfactory operation is assured when used to interconnect (I, to Ig)
equipment having interfaces conforming to the requirements of this section. Examples
of cable system parameters that must be considered are loss, frequency response,
crosstalk loss, longitudinal balance, and noise. Note that cable characteristics assumed
in defining the requirements specified in this section at interface points I, and Ig are
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discussed in "Wiring Configurations and Round-trip Delay Considerations Used as a
Basis for Electrical Characteristics," Section 2.1.6.3, and Table 2.1.6-3. Longitudinal
balance, for example, > 43 dB at 96 kHz, is of particular importance to assuring
compliance with the EMI limitations that must also be considered in determining
suitable interface cables.

2.1.4.11 Standard ISDN Basic Access TE Cord

A connecting cord for use with a TE designed for connection with a "standard ISDN
basic access TE cord" shall have a maximum length of 10 meters and shall conform to
the following:

e Cords having a maximum length of 7 meters:

— The maximum capacitance of pairs for transmit and receive functions shall be
less than 300 pF.

— The characteristic impedance of pairs used for transmit and receive functions
shall be greater than 75 ohms at 96 kHz.

— The crosstalk loss, at 96 kHz, between any pair and a pair to be used for
transmit or receive functions shall be greater than 60 dB with terminations of
100 ohms.

— The resistance of an individual conductor shall not exceed 3 ohms.

— Cords shall be terminated at both ends in plugs (individual conductors shall be
connected to the same contact in the plug at each end). The plug connector to
be used is as described in "Interface Connector and Contact Assignments,"”
Section 2.1.6.1.

» Cords having a length greater than 7 meters shall conform to the preceding
requirements except that a capacitance of 350 pF is permitted.

The TEs may be designed to include a connecting cord that is part of the TE. In this
case the requirements for a standard ISDN basic access TE cord do not apply.

2.1.4.12 Electromagnetic Compatibility (EMC)

The electrical characteristics specified within this section do not guarantee that
electromagnetic compatibility will be achieved with other user premises equipment,
systems, or with applicable EMC regulations. For additional information see ITU-TS
Recommendation K.23.

2.1.4.13 Transmission Plan

All BRI switches shall operate in a bit-transparent mode when transporting ISDN BRI
voice information.

The ISDN BRI voice terminals connected to a BRI switch shall have a nominal
Transmit Objective Loudness Rating (TOLR) of -42 dB and a Receive Objective
Loudness Rating (ROLR) of +51 dB.
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2.1.5 POWER FEEDING
2.1.5.1 Overview

Neither the 5SESS® switch nor its remote modules will provide power to TEs. However,
Power Sources 1 and 2 may be provided either locally or through an NT1.

All the values referring to power in Watts (or in Power Consumption Units (PCU),
defined in "Power Consumption Unit,” Section 2.1.5.4.1) shall be measured using an
instrument that integrates the measurements over a period of 50 ms.

2.1.5.2 Reference Configuration

The reference configuration for power feeding, which is based on an 8-contact interface
connector as specified in "Interface Connector and Contact Assignments,” Section
2.1.6.1, is described in Figure 2.1.5-1. The access lead designations, "1" through "8"
correspond to the contact assignments of the connector. The use of leads 3, 4, 5, and 6
is mandatory. The use of leads 1, 2, 7, and 8 is optional.

This reference configuration allows unique physical and electrical characteristics, for
the interface at reference points S and T, which are independent of the choice of
internal or external power source arrangements.

2.1.5.2.1 Location of Power Sources

Power Source 1 derives its power locally (commercial power and/or batteries). The
source may be an integral part of the NT or may be physically separate and connected
at any point in the interface wiring. In addition, the source for normal conditions may
be physically separate from a source for restricted power conditions. Where physically
separate sources of power for normal and restricted conditions are provided, provision
must be made to resolve power contention. Where a source physically separate from
the NT is provided, any effects on the transmission characteristics of interface wiring
must be accounted for, for example, the impedance of a power source that bridges the
interchange circuit pairs may require a reduction in the number of TEs that can be
accommodated on a passive bus.

Power Source 2 derives its power locally (commercial power and/or batteries). Power
Source 2 may be located in (or associated with) the NT as indicated in Figure 2.1.5-1,
or it may be located separately; for example, in a remote wiring closet.

2.1.5.2.2 Functions Specified at the Access Leads
The eight access leads for TEs and NTs shall be applied as follows:

1. Access lead pairs 4-5 and 3-6 are for the bidirectional transmission of the digital
signal and may provide a phantom circuit for power transfer to a TE (Power
Source 1).

2. Access lead pair 7-8 may be used for additional power transfer to a TE (Power
Source 2).

3. Access lead pair 1-2 may also be used for power transfer to an NT or to a TE in
TE-to-TE interconnections (Power Source 3).

2.1.5.2.3 Provision of Power Sources and Sinks

Power Source 1 is not provided, but provision is made for Power Sources 1 and 2 to be
optional through an NT1. Power Sink 3 is not used.
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Power Sources 1, 2, and 3 are optional. Therefore, a TE that is portable (for example
from network to network, country to country) cannot rely on the availability of any of
the power sources.

The use by TEs of Power Sources 1 and 2 is optional, that is, Power Sinks 1 and 2 are
optional and TEs may be locally powered (for example, commercial 60 Hz power).
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Note 1: Refers to the polarity of framing pulses.

Note 2: Refers to the polarity of power during normal power conditions (reversed for
restricted conditions). When this power source is not floating, the polarity of the
voltage with reference to ground shall be negative.

Note 3: Refers to the polarity of power. When this power source is not floating, the
polarity of the voltage with reference to ground shall be negative.

Note 4: The access lead assignments indicated in this figure are intended to provide
for direct interface cable wiring, that is, each interface pair is connected to a pair of
access leads having the same two numbers at TEs and NTs.

Note 5: Numbers are actual contact assignments.

Note 6: Power sources may be an integral part of the NT/TE or may be physically
separate and connected at any oint in the interface wiring (see “Reference
Configuration,.”Section 2.1.9.2).

Note 7: Resistance to ground for pairs 3—6 and 4-5 of the NT should be less than 1M
ohm.

Figure 2.1.5-1 — Reference Configuration for Signal Transmission and Power
Feeding in Normal Operating Mode
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2.1.5.3 Power Available from Source

The power source shall maintain the output voltage within the specified limits during
commercial power disturbances of short duration (less than 100 ms).

2.1.5.3.1 Power Source 1 Normal and Restricted Power Conditions

Power Source 1 may provide power under either normal or restricted power conditions
or both.

When Power Source 1 is provided, the power conditions are as follows:

1.  Where power is provided under normal conditions, the power available from
Power Source 1 (and any separate source as described in "Reference
Configuration," Section 2.1.5.2) shall be at least sufficient to provide for the
consumption of 10 NPCUs (see "Power Consumption Unit," Section 2.1.5.4.1, for
definition) at each TE interface. The power required to be available from the
source will depend upon the interface cable configuration.

2. Under restricted power conditions, the minimum power available from Power
Source 1 shall be 420 mW. When Power Source 1 enters a condition in which it
is able to supply only restricted power, it should indicate this condition by
reversing its polarity. In this condition, only the restricted power functions of
TEs are allowed to consume power from Source 1.

3. If Power Source 1 (and any separate source combination) can supply power in
both normal and restricted power conditions, the change of condition of Power
Source 1 from the normal to restricted power condition may occur when Power
Source 1 (and any separate source combination) is unable to supply the
"nominal” level of power. [The "nominal” level of power is defined as the
minimum power that the Power Source 1 (or separate power source) is designed
to supply]. In any case, the transition from normal to restricted condition shall
occur when the power described in this section is not available from Power
Source 1 (as a result of a loss of its source of power).

4. If the PS1 source loses its primary power, it may switch to restricted power
condition as an option to conserve secondary power, even though it may still be
capable of supplying its full rated normal power output.

2.1.5.3.2 \Voltage of Power Source 1
2.1.5.3.2.1 Normal Power Conditions

Under normal power conditions, the voltage of Power Source 1, if provided, shall be
within the range of 34 V to 56.5 V at the output of the source when supplying up to
the maximum available power.

2.1.5.3.2.2 Restricted Power Conditions

Under restricted power conditions, the voltage of Power Source 1, if provided, shall be
within the range of 34 V to 56.5 V at the output of the source when supplying up to
its rated maximum power, which shall not be less than 420 mW.

2.1.5.3.3 \Voltage of Power Source 2

The maximum voltage of Power Source 2 (optional third pair) shall be 56.5 V, and the
minimum voltage shall assure compliance with the requirements specified in "Power
Source 2 - Optional Third Pair," Section 2.1.5.4.3, concerning power available at a TE.
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2.1.5.3.4 \oltage of Power Source 3

Electrical characteristics of optional Power Source 3 are not specified. However, Power
Source 3 may be made to conform to the specification of Power Source 2 in "Voltage of
Power Source 2," Section 2.1.5.3.3.

2.1.5.3.5 Short-Circuit Protection

Power sources shall provide short-circuit protection. This requirement may be checked
by applying a short circuit for a period of 30 minutes, after which the power source
shall be able to provide its rated PCUs within 60 seconds.

2.1.5.4 Power Available at TE
2.1.5.4.1 Power Consumption Unit

The power that a TE is designed to draw from Power Source 1 or 2 should be given in
terms of "power consumption units." For normal mode, one power consumption unit
(NPCU) shall be equivalent to 100 mW, whereas for restricted mode, one power
consumption unit (RPCU) shall be equivalent to 95 mW. (This difference in units is
required to allow adequate margins for power consumed by nondesignated terminals
in restricted mode.)

Fractional PCU values are not allowed, that is, actual TE power consumption shall be
rounded up to the next integer value. The PCU rating of a TE shall be applicable over
the full range of specified operating voltage, and shall represent the maximum power
drawn by that TE at any voltage within this range.

The use of Power Consumption Unit (to define power consumed by the TE and power
available from the source) does not imply any lack of backward compatibility with TEs
and power sources designed according to requirements given in earlier issues of this
specification, ANSI* Standard T1.605-1989, and the Red Book and Blue Book versions
of ITU-TS Recommendation 1.430. A TE or PS1 power source designed to meet those
requirements has a rating of 10 NPCUs (normal) and 4 RPCUs (restricted).

The power that a PS1 or PS2 source is designed to provide shall also be given in terms
of PCUs, NPCU for normal mode and RPCU for restricted mode. The total PCUs
available in this case takes account of the power loss in the loop resistance of the
cabling configuration(s) for which the power source is designed, and represents the
power available for the TEs to draw. (This may mean that the same power source may,
as an option, be given different PCU ratings for different cable configurations, for
example, one rating for point-to-point and a different rating for point-to-multipoint.)

A TE may be designed to draw any number of PCUs from Power Source 1 or 2, up to a
maximum of 80 NPCUs for normal mode. In restricted mode, the maximum that a TE
may be designed to draw is 4 RPCUs for PS1, and 21 RPCUs for PS2.

For a given installation, the sum of the NPCU ratings for all TEs on a bus shall not
exceed the NPCU rating of the power source (PS1 or PS2, as applicable). Similarly, the
sum of the RPCU ratings for all designated TEs on a bus must not exceed the RPCU
rating of the power source. In either case, the connection of TEs with a total PCU
rating exceeding the corresponding PCU rating of the respective power source may
disrupt operation of all TEs on the bus.

1. Registered trademark of American National Standard Institute.
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2.1.5.4.2 Power Sourc e 1 - Phantom Mode
2.1.5.4.2.1 Normal Power Conditions

Under normal power conditions, the maximum voltage at the interface of a TE shall
be 56.5 V, and the minimum voltage shall be 24 V when drawing up to the designed
maximum available NPCUs.

2.1.5.4.2.2 Restricted Power Conditions

In restricted power conditions, the maximum value of the voltages at the interface of a
TE (from Power Source 1) shall be 56.5 V and the minimum voltage shall be 32 V
when drawing a power of up to 400 mW (4 RPCUs for all designated TEs combined,
and 20 mW for all other TEs combined). The power source may, as an option, be
designed to provide more than 4 RPCUs. If so, the voltage shall be within the limits
given when the TEs are drawing up to the designed maximum available RPCUs.

2.1.5.4.3 Power Sourc e 2 - Optional Third Pair
2.1.5.4.3.1 Normal Power Conditions

Under normal power conditions, the voltage at the interface of a TE shall be a
maximum of 56.5 V and a minimum of 32 V when the TE is drawing a power of up to
80 NPCUs.

2.1.5.4.3.2 Restricted Power Conditions

The provision of this restricted power condition is subject to the Power Source 2
provider’s assumed responsibility. The mechanism to indicate this condition to the TEs
is the reversal of polarity of the power source.

When Power Source 2 is unable to provide the designed NPCUs for normal mode, it
goes to a restricted power condition in which it shall provide a minimum of 21 RPCUs.
The maximum value of the voltages at the inputs of the TEs shall be 56.5 V and the
minimum shall be 32 V.

If the PS2 source loses its primary power, it may switch to restricted power condition
as an option to conserve secondary power, even though it may still be capable of
reapplying its full rated normal output.

2.1.5.4.4 Power Sourc e 3 - Optional Fourth Pair

Electrical characteristics of optional Power Source/Sink 3 are not specified. However,
Power Source/Sink 3 may be made to conform to the specifications of Power
Source/Sink 2 in "Power Source 2 - Optional Third Pair,” Section 2.1.5.4.3.

2.1.5.5 Current Transient

The rate of change of current drawn by a TE (for example, when connected or as a
result of a change in polarity when a change from the normal condition to the
restricted power condition occurs) shall not exceed 5 mA/us. (This requirement does
not apply for the first 100 ms after connection, or after a change in polarity when a
change from the normal condition to the restricted power condition occurs. See
"Limitations on Power Source and Sink During Transient Conditions," Section 2.1.5.8.)

2.1.5.6 Power Source 1 Consumption

The different values concerning the Power Source 1 consumption are summarized in
Table 2.1.5-1.
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A TE that is not powered from Power Source 1 and does not use the detection of
Power Source 1 as a means of determining connection status shall present a resistance
of at least 1 M ohm between the interface local pairs 3-6 and 4-5 and between either
pair and ground.

2.1.5.6.1 Normal Power Conditions

Under normal power conditions and in the activated state, a TE that draws power
from Power Source 1 shall draw no more than its rated NPCUs, which shall not
exceed 80, from Power Source 1. When a TE is not involved in a call, it should
minimize its power consumption. [The determination that a TE is "not involved in a
call" is based on the status of Layer 2 (link established or not). When this limitation is
applied in the design of a TE, a maximum value of 380 mW is recommended.]

When in the deactivated state, a TE that draws power from power source 1 shall draw
no more than 100 mW. However, if a local action has to be initiated in the TE when
the interface is not activated, this TE shall enter a "local action" state.

In this "local action" state, the TE may consume up to its rated NPCUs if the
following conditions are assured:

1. The corresponding power is provided by the source (for example, this service is
supported by the source).

2. The "local action" state is not a permanent one. (A typical example of the use of
this state is the modification of prestored dialing numbers in the TE.)
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Table 2.1.5-1 — Summary of Different Possible Power Source 1 Consumptions for

TEs
TE TYPE AND STATE MAXIMUM CONSUMPTION
NORMAL CONDITIONS

TE drawing power from PS1 Active Rated NPCU?

state

TE drawing power from PS1 100 mW

Deactivated state

TE drawing power from PS1 local Rated NPCU®

action state

RESTRICTED CONDITIONS

TE drawing power from PS1 Rated RPCU°

Designated TE; Active state

TE drawing power from PS1 25 mw

Designated; Deactivated state

TE drawing power from PS1 not 0 mw

designated

TE drawing power from PS1 Rated RPCU®

Designated; Local action state

TE not powered from PS1 but using 3 mw

connected detector on PS1; Any state

TE not powered from PS1 and not 0 mw

using connected detector on PS1; Any

state

Note(s):

a. Rated NPCU not to exceed 80. Refer to Section 2.1.5.4.1. For NPCU greater than
10, TE portability is not guaranteed even where PS1 is provided. Refer to Section
2.1.5.3.1.

b. Subject to the provision of the corresponding amount of power by Power Source 1.

c. Rated RPCU not to exceed 4. Refer to Section 2.1.5.4.1.

2.1.5.6.2 Restricted Power Conditions
2.1.5.6.2.1 Power Available to the TE Designated for Restricted Power Operation

A TE that is permitted to draw power from Power Source 1 under restricted power
conditions shall consume no more than 4 RPCUs.

In restricted power conditions, a designated TE that is in a low-power mode may
consume power from Power Source 1 only to maintain a line activity detector and to
retain its terminal endpoint identifier (TEI) value. The value of the low-power mode
consumption shall be < 25 mW.

2.1.5.6.2.2 Power Available to Nondesignated TEs

Nondesignated TEs, not powered by PS1, that make use of a PS1
connected/disconnected detector may consume no more than 3 mw from Power Source
1 in restricted power conditions.

Nondesignated TEs, not powered from PS1, that do not make use of a PS1
connected/disconnected detector and nondesignated TEs that are normally powered
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from Power Source 1 (normal conditions) shall not consume any power from Power
Source 1 in restricted power conditions (except the leakage current, for further study).

2.1.5.7 Galvanic Isolation

The TEs that provide power sinks 1 or 2 shall provide galvanic isolation between
Power Sources 1 or 2 and the earths of additional sources of power and/or of other
equipment. (This provision is intended to preclude earth loops or paths that could
result in currents that would interfere with the satisfactory operation of the TE. It is
independent of any safety requirement for such isolation described in IEC Guide 105.
It shall not be interpreted to require isolation that conflicts with necessary provisions
for safety.) The required characteristics of how the galvanic isolation is to be
implemented is left for further study.

2.1.5.8 Limitations on Power Source and Sink During Transient Conditions

The requirements on power sources and power sinks during the first 100 ms after
start-up or after switching between normal and restricted modes are for further study.
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2.1.6 CAPABILITIES OF B-CHANNEL CONNECTIONS AND ELECTRICAL
CONFIGURATIONS

2.1.6.1 Interface Connector and Contact Assignments

The connector at each end of the standard ISDN basic access TE connecting cord shall
be as specified in 1SO 8877:1987. The contact assignments for conductors and pairs
shall be consistent with ISO 8877:1987. The material in this section is consistent with
the requirements provided in 1SO 8877:1987.

2.1.6.1.1 Application

The 8-pole connector (plug and jack) and the assignments of poles/contacts, for use in
physical interfaces of ISDN basic access arrangements, are specified in this section.
These physical interfaces, where they exist, are located at reference points S and T
between TEs and NTs and between NT1s and NT2s, and they shall conform to this
section. This section requires plugs and jacks on equipment connecting cords and
interface cables as shown in Figure 2.1.1-1 and discussed in "Interface Cabling
Arrangements," Section 2.1.6.11. The plug and jack (and contact assignments) shall
also be used for the connection of a "Standard ISDN Basic Access TE Cord" as
specified in "Standard ISDN Basic Access TE Cord," Section 2.1.4.11. For the purpose
of this section, when viewed from an NT1, an NT2 may be considered to be a TE.

The term "pole,” as used in this section, refers to a position (numbered) for a contact.
The term "contact” refers to the electrical contact element that, for many connectors,
is referred to as a "pin." The terms "plug" and "jack" refer to the male and female
connector parts, respectively. Interface cabling is the wiring that connects TEs and
NTs together. Examples of interface cabling configurations, showing the cord,
extension cord, and interface cable parts are given in "Interface Cabling
Arrangements," Section 2.1.6.11.

2.1.6.1.2 Connector

Eight-pole plugs and jacks are specified for the interconnection of TEs and NTs. One
plug and jack pair is used to connect the TE connecting cord to the interface cable at
interface point I, in Figure 2.1.1-1, and a second plug and jack pair is used
(optionally)! to connect the NT connecting cord to the interface cable at interface point
Iz in Figure 2.1.1-1. Eight-pole plug and jack pairs shall also be provided for the
connection of "Standard ISDN Basic Access TE Cords (SBAC)." Interface cabling may
have a passive bus or a point-to-point configuration. Both configurations are
illustrated in "Interface Cabling Arrangements,” Section 2.1.6.11.

Note: The interface cable may or may not be directly connected to an NT. Where the
NT is a multi-port device, for example, a PABX, the connection to the NT may involve
a large connector arrangement that accommodates multiple interfaces.

TE and NT connecting cords shall be terminated in plugs. SBACs shall be terminated
in plugs at both ends. Figure 2.1.6-1 illustrates the cord-terminating plug that
provides for 4, 6, or 8 contacts. The number of physical contacts provided or required
is dependent upon the use by the associated equipment, TE or NT, of the optional
provisions for powering across the interface (see "Reference Configuration,” Section
2.1.5.2).

1. The interface cable may or may not be directly connected to an NT. Where the NT is a multi-port device,
for example, a PABX, the connection to the NT may involve a large connector arrangement that
accommodates multiple interfaces.
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Interface cables shall be terminated in jacks and an 8-pole jack shall be provided on
TE equipment for the connection of SBACs. Figure 2.1.6-2 illustrates the jack that
provides 4, 6, or 8 contacts. As with the cord-terminating plug, the number of contacts
provided or required is dependent upon the provision of the powering options
discussed in "Reference Configuration,” Section 2.1.5.2.

Connector dimensions? necessary to assure mating of plugs and jacks are specified in
Figures 2.1.6-3, 2.1.6-4, and 2.1.6-5. Connectors for use in the applications covered by
this section shall conform? to the dimensions specified in these figures. No additional
provisions for keying shall be provided. The complete detailed mechanical
specifications of the plugs and jacks will be the subject of an IEC standard. Figure
2.1.6-3 gives the plug/jack contact specification for mating. Figure 2.1.6-4 gives the
mechanical specification for mating of the 8-pole plug. Figure 2.1.6-5 gives the
mechanical specification for mating of the 8-pole jack. While physical contacts are
indicated for poles 1, 2, 7, and 8 of the plug and jack, contacts corresponding to these
numbers are not required in some applications and, in such applications, may be
omitted.

Note 1: Only dimensions essential to assure intermatability are specified. All other
dimensions are the subject of standardization by IEC.

Note 2: Compliance with this section does not depend on compliance with any other
standards dealing with plugs and jacks.

2.1.6.1.3 Assignment of Contact Numbers

Four contact numbers are assigned for the conductors of the two pairs used for the
signal transmission from NT to TE and from TE to NT. Two contacts each are
assigned for TRANSMIT and RECEIVE directions at TEs and, correspondingly, for
RECEIVE and TRANSMIT directions at NTs. Contacts are also assigned, for sources
and sinks at TEs and NTs, individually, for the two optional conductor pairs used for
powering TEs from NTs or from other TEs (or NTs from TEs). The provision of twisted
pair TRANSMIT and RECEIVE circuits and of conductors for powering shall be in
conformance with "Power Feeding," Section 2.1.5, in all applications. The assignments
applicable to the interface on the NT1 side of NT2s shall be the same as for the
interface at TEs.

The contact number assignments for plugs and jacks are given in Table 2.1.6-1. The
same numbered assignments are given to the leads in Figure 2.1.5-1. The individual
contacts for each circuit pair (1-2, 3-6, 4-5, and 7-8) are designated "+" or "-."

For TRANSMIT and RECEIVE pairs (pole numbers 3 through 6), the contact
designated "+" indicates the lead of the pair (3-6 or 4-5) for which the framing pulse
should be relatively positive. However, it is unnecessary to distinguish the individual
conductors of transmit and receive circuit pairs in interface cables or extension cords
in point-to-point interconnections.

For pairs (1-2 and 7-8) used for powering across the interface (see Source 2 or 3 in
"Power Feeding," Section 2.1.5), the contact designated "+" indicates the lead of the
pair that carries the relatively positive DC voltage. For the polarity of power provided

2. Only dimensions essential to assure intermatability are specified. All other dimensions are the subject of
standardization by IEC.

3. Compliance with this section does not depend on compliance with any other standards dealing with
plugs and jacks.
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in the phantom mode (Source 1), Figure 2.1.5-1 designates the TE transmit pair (3-6)
as positive relative to the NT transmit pair (4-5).

Table 2.1.6-1 — Pole (Contact) Assignments for 8-Pole Connections (Plugs and

Jacks)
POLE FUNCTION? POLARITY POLARITY
NUMBER OF POWER | OF FRAMING
PULSES
TE NT
1 Power Source/Sink 3 | Power Sink 3 +
2 Power Source/Sink 3 | Power Sink 3 -
3 Transmit Receive +
4 Receive Transmit -
5 Receive Transmit - -
6 Transmit Receive + -
7 Power Sink 2 Power Source 2 -
8 Power Sink 2 Power Source 2 +
Note(s):

a. This reference is provisional.

This portion of the plug is illustrative of a structure necessary for securing the cord and
is not pertinent to proper mating with the jack.

Figure 2.1.6-1 — Male Part (Plug ) - 8 Pole
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Figure 2.1.6-2 — Female Part (Jack ) - 8 Pole
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SECTION A - A
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0.03[0.001]MIN ~— | =
SECTIONA-A
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Note 1: For Section A - A, refer to Figures 2.1.6-4 and 2.1.6-5

Note 2: The 24-degree minimum angle applies to only those plugs with front plastic
walls higher than 4.83 mm (.190 in).

Note 3: Jack contacts may be rectangular with a width of 0.50 [0.0195] max and 0.36
(0.014) min.

Figure 2.1.6-3 — Plug/Jack Contact Specification
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Note 1: All dimensions are displayed as millimeters [inches].

Note 2: With the latch depressed, this dimension shall be 8.36 mm [0.329 in]
maximum.

Figure 2.1.6-4 — Plug Mechanical Specification
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All dimensions are displayed as millimeters [inches].

[+

Guide slots will prevent any individual contact from being displaced from its
associated slot while permitting movement within individual slots.

Note 3: Jack contacts will be within their individual contact zone to assure proper

mating as a plug is inserted.
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Figure 2.1.6-5 — Jack Mechanical Specification
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2.1.6.2 Transmission Mode—Restricted/Unrestricted 64-kbps Capabilities
2.1.6.2.1 Restricted/Unrestricted Capabilities

The terms restricted and unrestricted, as used here, refer to the capabilities of
B-channel connections either between TEs or from a TE to a network service
termination, such as on a packet handler, within a network. Unrestricted capabilities
permit the transmission of any sequence of bits at the full 64-kbps rate of B-channels.
On restricted capabilities, the transmission of an "all ZEROs" octet is not permitted. A
connection (TE to TE or NT2 to NT2 through a network) or access is unrestricted only
if all facilities involved in the connection are unrestricted, otherwise it is restricted.
D-channels in ISDN basic access capabilities are assumed to be unrestricted. Note
that restricted operation is not a consideration of the S/T interface. However, from an
overall network perspective (that is, end-to-end), the inverted mode described in the
following section may be permitted in a termination device to overcome the
shortcomings of the network.

2.1.6.2.2 Normal Mode

In the normal transmission mode, all data and voice signals are transmitted on B- and
D-channels, as indicated in this section. In this mode, a binary ONE is transmitted as
the absence of a pulse and a binary ZERO is transmitted as a pulse (see "Line Code,"
Section 2.1.1.4.5). This mode of transmission is satisfactory for all data rates and all
data sequences in which the connection involved is unrestricted. As indicated in
"Restricted/Unrestricted Capabilities,” Section 2.1.6.2.1, D-channels in basic access
connections are unrestricted and therefore transmission on such channels uses the
normal mode.

The normal mode is also satisfactory for transmission over B-channel connections that
have a restricted capability, provided that the transmitted sequence does not violate
the restricted capability limitation. All data sequences at rates up to 56 kbps may be
transmitted in the normal mode over B-channels by setting every eighth bit to a
binary ONE. This is consistent with the provisions of ITU-TS Recommendation 1.464
(Multiplexing, Rate Adaptation, and Support of Existing Interfaces for Restricted
64-kbps Transfer Capability). All voice signals coded according to North American u
law PCM may be transmitted in the normal mode over connections that are restricted.

2.1.6.2.3 Inverted Mode

The inverted mode is satisfactory for the transmission of data sequences using an
HDLC-based protocol over B-channel connections independent of whether such
connection is restricted or unrestricted. In the inverted mode, a binary ONE is sent as
a pulse and a binary ZERO is sent as the absence of a pulse. An "abort" must be
restricted to a sequence of seven consecutive binary ONEs, and an all-ONEs idle must
be sent as repeated transmissions of a sequence of seven consecutive binary ONEs
followed by a binary ZERO. The all-ONEs idle appears as a string of continuous
aborts. A receiver, which must distinguish the all-ONEs idle, shall interpret two or
more consecutive aborts as idle. Where continuous aborts cause difficulties at higher
layers, the Layer 1 receiver must include the capability of converting continuous
aborts to an all-ONEs idle. Provision of the inverted mode is an option for TEs and
does not necessarily imply a Layer 1 implementation.

For Passive Bus compatibility, the continuous absence of pulses during idle intervals
(no connection) on B-channels must be maintained where the inverted mode is used.
As viewed from an NT or from TEs operating in the Normal Mode, the continuous
absence of pulses represents the required all-ONEs idle. However, in the inverted
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mode a TE should initiate the transmission of HDLC flags (01111110) when it is
allocated and seizes a B-channel. It should continue the transmission of flags until the
initiation of the transmission of a frame by Layer 2. Interframe time fill shall be flags.

The use of the inverted mode may be an option set at the factory or at installation or
it may be selectable by higher layers. The selection by higher layers may be the result
of direct user action or the result of information provided through the Layer 3
signaling procedures. It is equally applicable for the ISDN packet-mode service
provided over a B-channel and for circuit-mode transmission.

2.1.6.3 Wiring Configurations and Round-Trip Delay Considerations Used as a
Basis for Electrical Characteristics

This section is not part of the specification — for information only.
2.1.6.3.1 Introduction
This section is not part of the specification — for information only.

The wiring arrangements given in this section are for illustrative purposes only. They
are not intended to specify any required characteristics of the wiring configurations
that may appear on the user premises. Although configurations including up to eight
(short passive bus) and four (extended passive bus) TEs are used in this section, there
is no limitation on the number of TEs in passive bus configurations. Other
configurations can be provided to accommodate many more than eight TEs. The
requirements that must be met by any wiring configuration are the electrical
characteristics described in "Electrical Characteristics," Section 2.1.4, for the
user-network interfaces (I, and Iz in Figure 2.1.1-1). The configurations described by
Figures 2.1.6-6, 2.1.6-7, and 2.1.6-8 are the bases from which the required electrical
characteristics of the user-network interfaces were determined. However, any interface
wiring configuration that meets the required electrical characteristics at the
user-network interfaces is an acceptable interface wiring configuration.

In "Types of Wiring Configuration,” Section 2.1.1.3, two major wiring arrangements
are identified. These are a point-to-point configuration and a point-to-multipoint
configuration using a passive bus.

While these configurations may be considered to be the limiting cases for the
definition of the interfaces and the design of the associated TE and NT equipments,
other significant arrangements should be considered.

The values of overall length, in terms of cable loss and delay assumed for each of the
possible arrangements, are indicated in "Wiring Configurations,” Section 2.1.6.3.2.

Figure 2.1.1-1 is a composite of the individual configurations. These individual
configurations are shown in this section.

2.1.6.3.2 Wiring Configurations
2.1.6.3.2.1 Point-to-Multipoint

The point-to-multipoint wiring configuration identified in "Point-to-Multipoint
Configuration," Section 2.1.1.3.3, may be provided by the "short passive bus" or other
configurations such as an "extended passive bus."

For the T-interface that is directly connected to the network without the use of a
physically separate NT1, both the short passive bus and the extended passive bus
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point-to-multipoint configurations are fully supported as described in ANSI* Standard
T1.605-1991 and in this section. Additionally, a variety of branched (see "Branched
Passive Bus Wiring Configuration," Section 2.1.6.5) point-to-multipoint configurations
are supported. For a complete description of configurations that are supported, refer to
the Branched Multipoint subsection of the Wiring Architecture section in "ISDN
Customer Premises Equipment Planning Guide" (document 533-700-100).

2.1.6.3.2.1.1 Short Passive Bus

An essential configuration to be considered is a passive bus (see Figure 2.1.6-6) in
which the TE devices may be connected at random points along the full length of the
cable. This means that the NT receiver must cater for pulses arriving with different
delays from various terminals. For this reason, the length limit for this configuration
is a function of the maximum round-trip delay and not of the attenuation.

An NT receiver with fixed timing can be used if the round-trip delay is between 10 to
14 ps. This relates to a maximum operational distance from the NT in the order of 100
to 200 meters [d, in Figure 2.1.6-6; 200 meters in the case of a high-impedance cable
(Z. 150 ohms) and 100 meters in the case of a low-impedance cable Z. 75 ohms)]. Note
that the TE connections act as stubs on the cable, thus reducing the NT receiver
margin over that of a point-to-point configuration. A maximum number of eight TEs
with connections of 10 meters in length are to be accommodated.

The range of 10 to 14 us for the round-trip delay is composed as follows. The lower
value of 10 us is composed of two bits offset delay (see Figure 2.1.1-2) and the
negative phase deviation of =7 percent (see "Total Phase Deviation, Input to Output,”
Section 2.1.4.3.3). In this case the TE is located directly at the NT. The higher value of
14 ps is calculated assuming the TE is located at the far end of a passive bus. This
value is composed of the offset delay of two bits (10.4 ps) between frames, the
round-trip delay of the unloaded bus installation (2 ps), the additional delay due to
the load of the TEs (that is, 0.7 ps) and the maximum delay of the TE transmitter
according to "Total Phase Deviation, Input to Output,” Section 2.1.4.3.3, (15% = 0.8

S).

4. Registered trademark of American National Standard Institute.
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TR = terminating resistor

Note: In principle, the NT may be located at any point along the passive bus. The electrical characteristics in this
section, however, are based on the NT located at one end. The conditions related to other locations require
confirmation.

Figure 2.1.6-6 — Short Passive Bus

2.1.6.3.2.1.2 Extended Passive Bus

A configuration that may be used at an intermediate distance (100 to 1000 meters) is
known as an extended passive bus (see Figure 2.1.6-7). This configuration takes
advantage of the fact that terminal connection points are restricted to a grouping at
the far end of the cable from the NT. This places a restriction on the differential
distance between TEs. The differential round-trip delay is defined as that between
zero-volt crossings of signals from different TEs and is restricted to 2 ps.

d

Vv

NT

TE TE

TR = terminating resistor
Figure 2.1.6-7 — Extended Passive Bus

This differential round-trip delay is composed of a TE differential delay of 22 percent
or 1.15 psec according to "Total Phase Deviation, Input to Output,” Section 2.1.4.3.3,
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the round-trip delay of the unloaded bus installation of 0.5 psec (line length: 25 to 50
meters), and an additional delay due to the load of four TEs (0.35 ps).

The distance d; depends on the characteristics of the cable to be used.

The objective for this extended passive bus configuration is a total length of at least
500 meters (d, in Figure 2.1.6-7) and a differential distance between TE connection
points of 25 to 50 meters (d; in Figure 2.1.6-7). However, an appropriate combination
of the total length, the differential distance between TE connection points and the
number of TEs connected to the cable may vary.

2.1.6.3.2.2 Point-to-Point

This configuration provides for one transmitter/receiver only at each end of the cable
(see Figure 2.1.6-8). It is, therefore, necessary to determine the maximum permissible
attenuation between the ends of the cable to establish the transmitter output level
and the range of receiver input levels. In addition, it is necessary to establish the
maximum round-trip delay for any signal that must be returned from one end to the
other within a specified time period (limited by D-echo bits).

d

T T
R R

I I

TE NT

TR = terminating resistor
Figure 2.1.6-8 — Point-to-Point

A general objective for the operational distance between TE and NT or NT1 and NT2
is up to 1.0 km, depending on gauge and quality of the cable (d1 in Figure 2.1.6-8). It
is agreed to satisfy this general objective with a maximum cable attenuation of 6 dB
at 96 kHz.

Note that the 1 Km interface cable length is an objective. The interface electrical
characteristics are specified with the objective of accommodating the 6 dB loss.® The
round-trip delay is between 10 to 42 ps. The lower value of 10 us is derived in the
same way as for the passive bus configuration. The upper value is composed of the
following elements:

e Two bits due to frame offset (2 x5.2 us = 10.4 us, see "Relative Bit Positions,"
Section 2.1.1.4.4.2.4

* Maximum 6-bit delay permitted due to the distance between NT and TE and the
required processing time (6 x5.2 ps = 31.2 ps)

5. However, neither the 1-km nor 6-dB values are intended to be interface cable limitations. Interface cable
limitations are not explicitly defined in this specification. The 1-km and 6-dB values are a part of the
basis (specific values of signal distortion are also assumed) of the interface requirements specified, but
the corresponding limitations for interface cables depend upon cable characteristics. Such cables shall be
designed, such that, taking into account relevant cable characteristics and interface specifications,
conforming TEs and NTs will interface properly.
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» The fraction [+15 percent of a bit period due to phase deviation between TE input
and output (see "Total Phase Deviation, Input to Output,” Section 2.1.4.3.3), 0.15x
5.2 us = 0.8 ps].

Note that an adaptive timing device at the receiver is required at the NT to meet
these limits.

For the NT used for both point-to-point and passive bus configurations (see "NT for
Both Point-to-Point and Passive Bus," Section 2.1.4.7.4) the tolerable round-trip delay
in passive bus wiring configurations is reduced to 13 ps due to the extra tolerance
required for the adaptive timing. Using this type of wiring configuration, it is also
possible to provide point-to-multipoint mode of operation at Layer 1.

2.1.6.4 Example of NT that Supports Multiple T-Interfaces to Accommodate
Multipoint Operation with More Than Eight TEs

This section is not part of the specification — for information only.

The NT1 STAR illustrated in Figure 2.1.6-9 is one example of a configuration that
supports multiple T-interfaces, can use multiple point-to-point configurations to
accommodate the multipoint mode of operation, and permits many more than eight
TEs. Each point of the NT1 STAR arrangement may itself accommodate a
point-to-point or a point-to-multipoint (short or extended) wiring configuration, and
any mix of such configurations is possible on a single NT1 STAR. The entire NT1
STAR arrangement operates effectively as one large bus, and the required electrical
characteristics are provided at all user-network interface points. In such an
implementation, bit streams from TEs must be buffered to provide for operation of the
D-echo channel(s) for contention resolution, but only Layer 1 functionality is required.
Support of this configuration does not affect the provisions of this section, or of
ITU-TS Recommendations 1.441 or 1.451.
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Figure 2.1.6-9 — NT1 STAR

2.1.6.5 Branched Passive Bus Wiring Configuration
This section is not part of this specification — for information only.

The branched passive bus wiring configuration illustrated in Figure 2.1.6-10 agrees
well with practices used for wiring of office buildings. It allows provisioning and
reconfiguration of ISDN basic access service to be implemented at the building wiring
nodes.

The branched passive bus represents a wiring configuration that has similar
performance characteristics as the extended passive bus in "Extended Passive Bus,"
Section 2.1.6.3.2.1.2. This configuration has the advantage of a branched nature at the
end of the bus. The differential round-trip delay is defined as that between zero-volt
crossings of signals from different TEs and is restricted to 2.0 ps.

This differential round-trip delay is composed of a TE differential delay of 22 percent
or 1.15 ps in accordance with "Total Phase Deviation, Input to Output,” Section
2.1.4.3.3, the round-trip delay of the longest branch (distance ds), and an additional
delay due to the loading from the branches (0.13 ps).
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An appropriate combination of the maximum branch length ds, the main bus length
d,, and the number of TEs may vary.

This is only one of the many other possible wiring configurations that are different
from those illustrated in "Wiring Configurations and Round-trip Delay Considerations
Used as a Basis for Electrical Characteristics," Section 2.1.6.3, and that meet the
interface requirements. Any interface wiring configuration that meets the required
electrical characteristics at the user-network interfaces is an acceptable interface
wiring configuration. There is no limitation other than meeting the interface
requirements.

- % < & -
| | |
I | I
| | |
| |
T T
| |
TE g R R g NT

TE

TR = Terminating resistor

Figure 2.1.6-10 — Branched Passive Bus

2.1.6.6 SDL Representation of a Possible Implementation of the D-Channel Access
This section is not part of this specification — for information only.

See Figure 2.1.6-11 for an example representation of D-channel access.
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Data
request
detected
and accepted

D : D-channel bit

E : D-echo-channel bit

F : Flag indicating that frame is pending

C : Number of consecutive ones detected
on the D-echo channel

X;: Threshold for priority class 1

)é: Threshold for priority class 2

i ~: Priority class indicator

if i=1:X9=9
if i=2:Xp=11

Yes
No Send 1st Wait for E bit
data bit D E bit

Figure 2.1.6-11 — An SDL Representation Example

2.1.6.7 Activation of the S/T Interface without Intervention of the Network Interface
to the NT

This section is not part of this specification — for information only.

Normally, when the S/T interface activates, it does so through coordination with the
activation procedures at the network interface to the NT. However, when the network
interface cannot be activated, it is desirable to be able to activate the S/T interface (for
example, for maintenance purposes).

When a TE needs to activate an inactive S/T interface, it sends INFO 1 toward the
NT. Normally, with directions from the network interface, the NT responds with INFO
2 with the optional SC1 subchannel in the Idle state. However, when the NT
determines that the network interface cannot be activated after receiving INFO 1, it
transmits INFO 2 synchronized to a free-running clock on the NT and sends the "Loss
of Received Signal" message in the optional SC1 subchannel if that subchannel is
used. The S/T interface continues to activate with INFO 3 being transmitted by the
TE(s) and INFO 4 being transmitted by the NT.
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Through the reception of INFO 4, the TE receives the activation indication primitive
but becomes aware that no calls can be originated or received when Layer 2 fails to
activate. If the optional SC1 subchannel is used and the TE recognizes the
SC1l-subchannel message, it can inform the user that the problem is with the network
interface.

Through the transmission of INFO 3 and INFO 4, the optional Q- and S-channels can
be active and all Layer 1 maintenance functions can be performed on the S/T
interface. These functions include the capability to establish loopback C (individual
B-channels looped back toward the TE) so the user can perform bit error rate testing.

2.1.6.8 Loopback Notation
This section is not part of the specification — for information only.

2.1.6.8.1 Introduction
This section is not part of the specification — for information only.

The overall maintenance capabilities for ISDN basic access are described in "Interface
Procedures," Section 2.1.2. ITU-TS Recommendation 1.603 includes an overall
approach to maintenance of basic access. Looping mechanisms are an integral part of
the capabilities. The designations of Layer 1 loopbacks used in ITU-TS are presented
in this section for easy reference.

2.1.6.8.2 Test Loopback Reference Configuration

Figure 2.1.6-12 shows the possible locations of test loopbacks pertaining to the
maintenance of the ISDN basic access user-network interfaces. It also shows the
corresponding designations. The designation of two B loopbacks (B, and B,), at
different locations within the functional entity, is not intended to imply any universal
requirement concerning the location, in a particular equipment, of such loopbacks or
the need for a loopback to be close to a particular interface.

Note: Loopbacks B; and 3 are applicable to each individual S interface.

TE1l NT1 LT

—+ee s B

Q Mandatory Loopbacks

TE2 TA

R S
£4 } g and ; Optional Loopbacks

Note: Loopbacks B 1 and 3 are applicable to each individual S interface.

Figure 2.1.6-12 — Location of Test Loopbacks

2.1.6.8.3 Test Loopback Characteristics

Table 2.1.6-2 lists channels to be looped for each of the loopbacks designated in Figure
2.1.6-12.
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Table 2.1.6-2 — Characteristics of Layer 1 Loopbacks Defined in ITU-T

Recommendations
LOOPBACK ? CHANNEL(S) LOOPED
) 2B+D channels®
B1, B2
3 2B+D channels
4 B1, B2
C B1, B2
B, or B, 28+l;101h§2nels
Note(s):
a. See Figure 2.1.6-12.
b. ITU-T Recommendation G.960, Digital Section for ISDN Basic Rate Access, states
that when a transparent loopback 2 is applied, the NT1 should send INFO 4
frames toward the TE/NT2 with the D-echo channel bits set to binary ZERO.

2.1.6.9 Test Configurations
This section is not part of the specification — for information only.

In "Electrical Characteristics," Section 2.1.4, waveforms are shown that are a part of
the specification of the interfaces of NT and TE equipment. This section describes
configurations on which these waveforms are based and can be used for testing TE
equipment (see Figure 2.1.6-13). Similar configurations can be used to test NT
equipment.

Table 2.1.6-3 gives the parameters for the artificial lines reproduced in Figure
2.1.6-13. The artificial lines are used to derive the waveforms. For test configurations
ii) and iii), the cable length used corresponds to a signal delay of 1 ps.

Table 2.1.6-3 — Parameters for Artificial Lines

PARAMETERS HIGH CAPACITANCE CABLE |LOW CAPACITANCE CABLE
R (96 kHz) 160 ohms/km 160 ohms/km
C (1 kHz) 120 nF/km 30 nF/km
Z, (96 kHz) 75 ohms 150 ohms

Wire diameter 0.6 mm 0.6 mm
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100Q
Artificial line
NT high capacitance

6 dB

Configuration i) — Point-to-Point

- —_- J— 7 terminals
! (equivalent
1002 1002 1 input
- ! impedance).
NT Artificial line L -
high capacitance ©
Configuration ii) — Short Passive Bus
TE
—> —>
—_ 7 terminals
(equivalent
1002 input
Artificial line impedance).
NT a) high capacitanc|
b) low capacitance

TE
— —

100Q2 | | 100Q

NT TE
— —

Configuration iv) — Ideal Test Signal
Figure 2.1.6-13 — Test Configurations
2.1.6.10 Termination of the Line
This section is not part of the specification — for information only.

This section expands on the information contained in "Termination of the Line,"
Section 2.1.4.5. The interchange circuit pair termination impedance should be 100
ohms = 5 percent (see Figure 2.1.1-1) and at least 90-percent resistive in the 20 kHz to
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1 MHz frequency range. Any higher tolerance would have to be compensated, for
example, by changing the cable length.

The S/T-loop termination could consist of a resistor and capacitor in series, or a
resistor reflected through a transformer. The values should be such that when this
termination is placed in parallel with a 100-ohm resistor and used as a load for the
S/T-transmitter, that the pulse mask requirements of Figure 2.1.4-9 are satisfied.

Since the S/T interface is intended for inside premises use, the protection of the S/T
interface termination from 200 volts DC may be adequate. The termination should be
protected from damage by environmental stresses such as those described in
"Unexposed Wiring," Section 2.1.4.9.1. However, although the interface is intended for
connection of equipments within the customer premises, it is possible that a portion of
the connection could be exposed in some applications, and more severe conditions than
those specified in "Unexposed Wiring," Section 2.1.4.9.1, may exist.

2.1.6.11 Interface Cabling Arrangements
This section is not part of the specification — for information only.

The interface cabling arrangements, implied by the requirements in "Types of Wiring
Configuration,” Section 2.1.1.3, are described in this section. The sketches in Figure
2.1.6-14 illustrate the cabling arrangements for the ISDN basic access interface, and
they define the three different parts of the physical interconnection: "Connecting
Cord," "Extension Cord," and "Interface Cable."

The same contact numbers assigned at the interface (point I, in Figure 2.1.1-1) of TEs
for TRANSMIT and RECEIVE conductor pairs are assigned at the interface (point Ig
in Figure 2.1.1-1) of NTs for RECEIVE and TRANSMIT conductor pairs, respectively.
This provides for a given conductor to be connected to the same contact in jacks at
both ends of interface cables. However, it means that interface cables are suitable for
NT-to-TE and NT1-to-NT2 interconnections only.

For TE-to-TE interconnections, an adaptor with a crossover to connect TRANSMIT to
RECEIVE is required. The same crossover requirement applies to contacts/conductors
(pairs assigned to contact numbers 1-2 and 7-8) for optional power transfer.

As indicated in "Types of Wiring Configuration,” Section 2.1.1.3, interface cables are
terminated in the same type of connector part (jack) at both ends. This means that
NTs or TEs may be connected at either end of point-to-point cables.

Extension cords have a plug at one end and a jack at the other end. They cannot be
used to extend TE connecting cords in connections to Passive Bus wiring
configurations because the bridging impedance of an extension cord (of even a short
length) can adversely affect operation of all TEs in Passive Bus configurations. The
total length of extension cord(s) associate with a TE in point-to-point configurations is
limited to 25 meters.

Connecting cords provide a plug for connection to an interface cable (or extension
cord). The acceptable maximum length of connecting cords will generally be limited by
the need for compliance with transmit- and receive-circuit impedance requirements in
"Electrical Characteristics,” Section 2.1.4. Although there is no restriction on the
minimum length of such cords in a particular application, TEs are required to include
the option of a cord of at least 5 meters in length. TE and NT connecting cords may be
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detachable from associated TE and NT equipment, and the connector® for these
applications is specified in "Connector," Section 2.1.6.1.2.

It is also significant that, in most ISDN applications, the interface cable will be the
wiring on the user premises, and the jack must be available in a form suitable for wall
mounting. Available assemblies of the specified jack, which are intended for such
mounting, may provide a housing for a suitable mounting of the transmit- and
receive-pair terminating resistors. As specified in Figure 2.1.1-1. the terminating
resistors must be located, for point-to-point wiring configurations, in or at the jack and
must be connected across contact pairs 4-5 and 3-6. For passive bus wiring
configurations, the terminating resistors may be mounted in such jack assemblies
located at the ends of the bus.

It is equally important to recognize that the interface cable may be wired directly to
NTs without the interface connector and with the interchange circuit terminating
resistors provided internal to the equipment. This is possible where the interface cable
is provided in association with, or as part of, the NT. In such applications, the only
interface of significance (at which the requirements of this section apply) may be at
the jack(s) (point I, in Figure 2.1.1-1) for the connection of TEs. In addition, the
combination of the NT connecting cord and interface cabling may be of zero length.

Another alternative NT connection arrangement uses a jack mounted on the NT
equipment entity, which includes the terminating resistors. The jack may not conform
to "Interface Connector and Contact Assignments,” Section 2.1.6.1, but where the jack
does conform, the contact assignments are as specified. Where a cord, terminated at
each end with a plug, is used to connect to the interface wiring, the cord is considered
a part of such wiring.

For NT2s (for example, PABX) serving multiple TEs, multiple interface cables may be
connected to the NT2 with a larger connector, which does not conform to "Interface
Connector and Contact Assignments," Section 2.1.6.1.

6. A "standard ISDN basic access TE cord," which may optionally be used with a TE, is specified in this
section. A standard for a connector and contact assignments for the attachment (to a TE) of such a cord
is the subject of an addendum to 1SO 8877:1987.
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CONNECTOR I
1A |
| |
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f INTERFACE CABLE
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6 | 6
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OR . I | .
EE NOTE 2
NT 3 (SEE NOTE 2) | 3 TE
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111 : 1
t
|
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[ ]
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[ ]
l ~—~
N
= |
8 2 I
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TE Pe | ¢ @ | CABLING
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i 1. THE INTERFACE CABLE
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. [— PREMISES WIRING.
TE e .
4 2. WIRE PAIRS CONNECT
| 1 CONTACT PAIRS 1-2,
I 3-6, 4-5 AND 7-8.
A
3. NOT FOR USE ON
EXTENSION CORD PASSIVE BUS.
KEY:
. (SEE NOTE 2) * J = JACK
e . P = PLUG

Figure 2.1.6-14 — Cabling and Connector Arrangements

2.1.6.12 Summary of Limited Options and Departures from ANSI/ STANDARD
T1.605-1991

This section is not part of this specification — for information only.

The specified options, additions, and departures of this section from the provisions of
ANSI Standard T1.605-1991 are summarized in this section.

Primitives Between Layer 1 and Other Entities Section 2.1.1.1.3
The primitives shown in ANSI Standard T1.605-1991 for activation and
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deactivation are not included in Table 2.1.1-1 because it is assumed that
it is appropriate for TEs and NTs to remain active at all times.

"Line Code," Section 2.1.1.4.5
During an interim period, transport capabilities available in some
networks may not support the use of B-channels without a restriction on
the sequences that may be transmitted. The necessary restrictions and
means of conforming to the restrictions while using the full 64-kbps rate
are described in "Transmission Mode - Restricted/Unrestricted 64-kbps
Capabilities,” Section 2.1.6.2. The same description appears in an
appendix in ANSI Standard T1.605-1991.

"Interframe (Layer 2) Time Fill," Section 2.1.2.1.1
The 5ESS® switch sends all binary ONEs on the D-channel as interframe
time fill when there are no Layer 2 frames to transmit. The HDLC flags
are not used as interframe time fill. However, it is still appropriate for
one HDLC flag to define both the end of one Layer 2 frame and the
beginning of the next Layer 2 frame.

"Activation/Deactivation," Section 2.1.2.2
Provision of this function and compliance with the associated procedures
specified in ANSI Standard T1.605-1991 is not required. Therefore,
various subsections of ANSI Standard T1.605-1991, Section 7.2.3
(Activation/Deactivation), including the TE and NT state tables and the
discussion of valid primitive sequences, are not included in this section.
Notes, from the TE and NT state tables, pertaining to INFO 0 are moved
to Figure 2.1.2-1. Conformance notes from the TE and NT state tables are
moved into "Deactivation Times," Section 2.1.2.2.6. Another note
concerning TEs that cannot initiate activation is moved to "General TE
Procedures," Section 2.1.2.2.3. Another note concerning the TE
transmission of INFO 0 or INFO 3 after INFO 1 is moved into "TE
Activation Times," Section 2.1.2.2.5.1.

"Layer 1 Maintenance," Section 2.1.3
The possibility is given for monitoring the D-echo channel in
point-to-point configurations for crude S/T-interface performance
monitoring.

"Transmission Plan," Section 2.1.4.13
Objective loudness ratings are stated for TEs. The switches operate in a
bit-transparent mode. No such section appears in ANSI Standard
T1.605-1991.

"Power Feeding," Section 2.1.5
Power is not provided by the network (the 5ESS switch or its remotes).

"Transmission Mode - Restricted/Unrestricted 64-kbps Capabilities," Section 2.1.6.2
This section applies to the US environment. It describes
Restricted/Unrestricted Capabilities, Normal Mode, and Inverted Mode.
This material appears as an appendix in ANSI Standard T1.605-1991.

"Wiring Configurations and Round-Trip Delay Considerations Used as a Basis for
Electrical Characteristics,” Section 2.1.6.3
The 1-km general objective operating distance between TE and NT in a
point-to-point configuration is more carefully qualified in this section
than in ANSI Standard T1.605-1991.

ANSI Standard T1.605-1991 Annex E, SDL Representation of Activation/Deactivation
Procedures This annex is not included in this section because it is assumed that it is
appropriate for all NTs and TEs to remain active at all times.

Issue 6.00 Page 2.1.6-23






235-900-341
October 1999

2.2

Issue 6.00

PHYSICAL LAYER

National ISDN Basic Rate Interface Specification

CONTENTS

ANSI U INTERFACE .

221

222

2.2.3

OVERVIEW OF ANS/ U CONFIGURATION AND
OPERATION.

2.2.1.1  Scope of this Document

2.2.1.2  Structure of this Document

2.2.1.3 Referenced Publications

2.2.1.4  Definitions .o

2215 Physical Characteristics .
2.2.151 Wiring Polarity Integrity
2.2.15.2 Connector

2.2.1.6 Transmission Method .
2.2.1.6.1 Overview of Transmission

System
2.2.1.6.2 Line Code Coe
2.2.1.6.3 Pulses Originating at the NT .
2.2.1.6.4 Received Line Signal

Characteristics
2.2.1.7 Functional Characteristics .o
22171 Baud Rate, Timing, and

Synchronization .
2.2.1.7.2 Frame Structure .

22173 Scrambling
22.1.7.4 Start-Up and Control
22175 NT Maintenance Modes .

ELECTRICAL CHARACTERISTICS
2221 Impedance and Return Loss
2.2.2.2  Longitudinal Output Voltage
2.2.2.3  Longitudinal Balance

2.2.2.4  Jitter e e
2.2.2.4.1 NT Input Signal Jitter
Tolerance e
2.2.2.4.2 NT Output Jitter Limitations .

2.2.25 DC Characteristics .
22251 Sealing Current

2.2.25.2 Metallic Termination
2.2.253 NT Network-Side Resistance
to Ground

MAINTENANCE AND MEASUREMENTS .

PAGE

2.2-1

2.2.1-1
2.2.1-1
2.2.1-1
2212
2.2.1-2
2.2.1-4
2.2.1-4
2.2.1-4
2.2.1-5

i

2.2.1-5
2.2.1-6

. [2.2.1-12
. [2.2.1-19

. [2.2.1-19
. 12.2.1-19
2.2.1-24
2.2.1-26
2.2.1-34

) Nl [~ >
N
e
©

NINNIN
NN ININ
n (IR0 |
N (= (=[]

2.2.2-3

2.2.2-4
R.2-4

2.2.2-5
2.2.2-5
2.2.2-5

N

2.2.2-8

2.2.3-1



PHYSICAL LAYER

Page 2.2-ii

2231

2.2.3.2

2.2.3.3

2.2.34
2.235

2.2.3.6

M-Channel Bit Functions S
22311 Error Monitoring Function

2.2.3.1.2 Overhead Bit Functions
2.2.3.1.3 Embedded Operations

Channel (eoc) Functions
Environmental Conditions

22321 Protection

2.2.3.2.2 Electromagnetic
Compatibility

Test Loops and Performance

Measurements . e e

2.2.3.3.1 Notes on the Class of Test
Loops. . . . . . . . .

2.2.3.3.2 Notes on Test Procedure for

Measuring BER
Overvoltage, Surge Protection, and EMC
DSL Start-Up and Activation e

22351 Overview of Start-up an
Activation

2.2.35.2 Symbols, Abbreviations, and

Notes .

2.2.35.3 Total Activation Initiated by

the Exchange .

22354 Total Activation Initiated by

the Terminal Equipment

2.2.355 Total Deactivation
2.2.35.6 Activation Finite State
Matrices .

2.2.35.7 S/T-Only Activation
22358 DSL-Only Turn-On .

2.2.35.9 Activation Finite State
Matrices when DSL-Only
Turn-On Option Is
Implemented

Linearity Measurement

2.2.4 SUPPORTING INFORMATION .

2241

2242

Discussion of eoc Addressing

22411 Assignment of eoc
Addresses . .o

22412 Addresses 1 through 6
(Intermediate Elements) .

22413 Action of Intermediate
Elements

22414 Action of NT

22415 Summary

Supporting Information Relating to DC
Metallic Termination e

235-900-341
October 1999

2.2.3-

N N NN NS NN
N N NN [N NN
o (@ [@]lelle RIES
(o] (o] oo ||oo || NI -

o
g
e
co

N
N
o[>
N
il | [
b

N H
(2] 0]

2.2.3-1

. 12.2.3-1

N

2.3-1

00

.2.3-2
.2.3-2

NI
N
0
N
al[x| [S

o
N
@
N
ol

2.2.3-25
2.2.3-32

;

2.2.3-35

)
N
@
N
N

N
N
R
=

N
N
R
=

N
N
»
=

N
N
R
=

N
N
b
N

N
N
>
N

o
N
4?
N

n
N
JF
w

Issue 6.00



235-900-341
October 1999

2.2.4.3  Primary Constants of Typical Telephone
Cable . . . . -

2.2.4.4  Optional Powering .Across t.he. In:[en.‘ac.e |
LIST OF FIGURES
Figure 2.2.1-1 — Interface on the Network Side of the NT
Figure 2.2.1-2 — Echo Canceler with Hybrid Principle
Figure 2.2.1-3 — Example of 2B1Q Quaternary Symbols
Figure 2.2.1-4 — DSL Framer Functional Description
Figure 2.2.1-5 — 2B1Q Encoding of 2B+D Bit Fields
Figure 2.2.1-6 — Normalized Pulse from NT Appearing at Interface

Figure 2.2.1-7 — Upper Bound of Power Spectral Density of Signal
from NT at Interface . . . . . . . . . . .

Figure 2.2.1-8 — Laboratory Test Setup for Measuring BER

Figure 2.2.1-9 — PSD for Simulated Near-End Crosstalk (NEXT) for
Testing 2B1Q System . . . . . . . . . .

Figure 2.2.1-10 — Crosstalk Calibration Impedance, Z .
Figure 2.2.1-11 — Waveform for Longitudinal Noise

Figure 2.2.1-12 — ISDN Basic Access 2B1Q DSL 1.5-Millisecond Basic
Frame . . . . . . . . . . . . . ..

Figure 2.2.1-13 — Network-to-NT 2B1Q Superframe Technique &
Overhead Bit Assignments e

Figure 2.2.1-14 — NT-to-Network 2B1Q Superframe Technique &
Overhead Bit Assignments . . . . . . .

Figure 2.2.1-15 — DSL Framing and Overhead Function Temporal
Relationships . . . . . . . . . . . .

Figure 2.2.1-16 — Scrambler and De-scrambler

Figure 2.2.1-17 — State Sequence for DSL Transceiver Start-Up
Figure 2.2.1-18 — NT Loop Testing States

Figure 2.2.2-1 — Minimum Return Loss

Figure 2.2.2-2 — Measurement Method for Longitudinal Output Voltage

Figure 2.2.2-3 — Minimum Longitudinal Balance Requirement

Issue 6.00

PHYSICAL LAYER

2.2.1-4

2.2.1-6

2.2.1-7

2.2.1-8

N
N
&
R
N

2.2.1-9

.2.1-10

.12.2.1-14

. 12.2.1-16

.12.2.1-1

.12.2.1-18

N N
V)
ild I
H

~ N

.12.2.1-19

N
N
=
N
=

N
n
e
N
N

NN N[N
NN N[N
Pl EIR IR
el |mo| [
ol 2] |la]l s

N
N
o
=

2.

N

o
N
w

2.2.2-

Page 2.2-iii



PHYSICAL LAYER

Figure 2.2.2-4 — Measurement Method for Longitudinal Balance

Figure 2.2.2-5 — Range of Permissible Sinusoidal Jitter, Signal
Originating from Network Coe

Figure 2.2.2-6 — lllustration of DC Characteristics of the NT1 (Bilateral
Switch and Holding Current) e

Figure 2.2.3-1 — CRC-12 Generator .
Figure 2.2.3-2 — Power Spectral Density (PSD) of Assumed Interferers

Figure 2.2.3-3 — Loops for Testing Received Signal Performance: #1 -
#5 . .

Figure 2.2.3-4 — Loops for Testing Received Signal Performance: #6 -
#10 e

Figure 2.2.3-5 — Loops for Testing Received Signal Performance: #11
- #15 . e

Figure 2.2.3-6 — ISDN Basic Access Signals

Figure 2.2.3-7 — Outline of Total Activation Process - Total Activation
Initiated by the Exchange

Figure 2.2.3-8 — Outline of Total Activation Process - Total Activation
Initiated by Terminal Equipment

Figure 2.2.3-9 — Total Activation Process - Total Activation Initiated by
the Exchange

Figure 2.2.3-10 — Total Activation Process - Total Activation Initiated
by Terminal Equipment (INFO 1)

Figure 2.2.3-11 — Total Deactivation Process (DR)

Figure 2.2.3-12 — DSL-Only Turn-on Process Initiated by the
Exchange from Reset (UTR)

Figure 2.2.3-13 — Change from DSL-Only to Total Activation Initiated
by the Exchange (AR) . o

Figure 2.2.3-14 — Change from DSL-Only to Total Activation Initiated
by Terminal Equipment (INFO 1) .

Figure 2.2.3-15 — Change to DSL-Only from Total Activation Initiated
by Exchange (UTR) . e

Figure 2.2.3-16 — Measurement of DSL Transmitter Linearity

Figure 2.2.4-1 — Worst Case ISDN Basic Access Configuration

Page 2.2-iv

235-900-341
October 1999

2.2.2-3

2.2.2-4

2.2.31

2.213-11

2.2.3-12

2.2.3-13

2.2.3-14

2.2.3-18

2.2.3-21

-

2.2.3-23

2.2.3-24

|

2.2.3-32

2.2.3-33

|

[223:34]
[22345]

2.2.4-1

Issue 6.00



235-900-341
October 1999

Figure 2.2.4-2 — Definitions of Termination’s Activate and Release
Times

Figure 2.2.4-3 — NT Wiring Configuration

LIST OF TABLES

Table 2.2.1-1 — Pin Assignments for 8-Position Jack and Plug

Table 2.2.1-2 — Definitions of Signals During Start-Up

Table 2.2.2-1 — Characteristics of DC Metallic Termination at the NT
Table 2.2.3-1 — Power Status Bit Assignments and Messages

Table 2.2.3-2 — Messages Required for Command/Response eoc
Mode . .

Table 2.2.3-3 — Activation/Deactivation: NT (H) Finite State Matrix (An
Example) (1 of 2) Ce e e e

Table 2.2.3-4 — Activation/Deactivation: NT (H) Finite State Matrix (An
Example) (2 of 2) G e e e

Table 2.2.3-5 — Activation/Deactivation: LT (J) Finite State Matrix (An
Example) (1of2) . . . . . . . . . . ...

Table 2.2.3-6 — Activation/Deactivation: LT (J) Finite State Matrix (An
Example) 2of2) . . . . . . . . . . ..

Table 2.2.3-7 — Activation/Deactivation: NT (H) Finite State Matrix
(DSL-Only Turn-on Option) An Example (1 of 2)

Table 2.2.3-8 — Activation/Deactivation: NT (H) Finite State Matrix
(DSL-Only Turn-on Option) An Example (2 of 2)

Table 2.2.3-9 — Activation/Deactivation: LT (J) Finite State Matrix
(DSL-Only Turn-on Option) An Example (1 of 2)

Table 2.2.3-10 — Activation/Deactivation: LT ("J”) Finite State Matrix
(DSL-Only Turn-on Option) An Example (2 of 2)

Table 2.2.4-1 — AC Characteristics of the Metallic Termination
Table 2.2.4-2 — 26 Gauge PIC Cable at 120° F

Table 2.2.4-3 — 26 Gauge Pulp Cable at 120° F

Table 2.2.4-4 — 26 Gauge PIC Cable at 70° F

Table 2.2.4-5 — 26 Gauge Pulp Cable at 70° F .

Table 2.2.4-6 — 26 Gauge PIC Cable at 0° F

Issue 6.00

PHYSICAL LAYER

2.2.4-4

.12.2.4-25

.| 2.2.1-5

.12.2.1-30

2.2.2-6

2.2.3-3

N
n
@
~

2.2.4-4

N N N N N N N N
n n n n n n n N
@ @ @ @ @ @ @ ®
N w i~ W [ w N Y
u © N o e o o™ o

2.2.4-6

2.2.4-7

2.2.4-8

2.2.4-9

N
N
AR
=
o

Page 2.2-v



PHYSICAL LAYER

Table 2.2.4-7 — 26 Gauge Pulp Cable at 0° F
Table 2.2.4-8 — 24 Gauge PIC Cable at 120° F
Table 2.2.4-9 — 24 Gauge Pulp Cable at 120° F
Table 2.2.4-10 — 24 Gauge PIC Cable at 70° F
Table 2.2.4-11 — 24 Gauge Pulp Cable at 70°F
Table 2.2.4-12 — 24 Gauge PIC Cable at 0° F
Table 2.2.4-13 — 24 Gauge Pulp Cable at 0° F .

Table 2.2.4-14 — 22 Gauge PIC Cable at 120° F

Table 2.2.4-15 — 22 Gauge Pulp Cable at 120° F .

Table 2.2.4-16 — 22 Gauge PIC Cable at 70° F
Table 2.2.4-17 — 22 Gauge Pulp Cable at 70°F
Table 2.2.4-18 — 22 Gauge PIC Cable at 0° F
Table 2.2.4-19 — 22 Gauge Pulp Cable at 0° F .
LIST OF EXHIBITS

Exhibit 2.2.1-1 — 23rd-order Polynomial

Exhibit 2.2.2-1 — Longitudinal Balance

Exhibit 2.2.3-1 — Cyclic Redundancy Check Polynomial

Exhibit 2.2.3-2 — Single-Sided PSD Equation

Exhibit 2.2.3-3 — Full PSD Equation

Page 2.2-vi

235-900-341
October 1999

N
N
AR
[y
[

.12.2.4-1

N N
N N
£ N
= =
N w N

N
N
A
'_\
ol

.12.2.4-1

.12.2.4-1

N N
N N
N N
= (o
©o| o] |N ]|

N
N
»
[N
o

.12.2.4-2

.| 2.2.2-

N NN

N NN

= B

R INERIN)
NITRES o |IN] [~

N
n
@
=

. 2.2.3-9

2.2.3-10

Issue 6.00



235-900-341 PHYSICAL LAYER
October 1999

2.2 ANSI* U INTERFACE

This section of the interface specification provides the minimal set of requirements for
satisfactory transmission between the network and the network termination (NT). The
specifications in this section are consistent with ANSI Standard T1.601-1991. This
section also conforms, wherever possible, with the | Series of International
Telecommunications Union - Telecommunications Standardization Sector (ITU-TS)
Recommendations, without compromising the principles of evolution expressed
therein. Equipment may be implemented with additional functions and procedures.

This section presents the electrical characteristics of the integrated services digital
network (ISDN) basic access signal appearing at the network side of the NT at the
customer side of the interface. It also describes the physical interface between the
network and the NT. The transport medium of the signal is a single twisted-wire pair
that supports full-duplex (that is, simultaneous 2-way) service.

1. Registered trademark of American National Standard Institute.
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2.2.1 OVERVIEW OF ANS/* U CONFIGURATION AND OPERATION
2.2.1.1 Scope of this Document

The requirements of this standard apply to a single digital subscriber line (DSL)
consisting of a line termination (LT) (at the network side of the interface), a 2-wire
metallic cable pair, and an NT (at the customer side of the interface). The
transmission system is designed to operate on 2-wire twisted metallic cable pairs with
mixed gauges and with bridged taps.

The specifications in this section are based on the use of cables without loading coils,
but bridged taps are acceptable with the exception of unusual situations. See
"Received Line Signal Characteristics," Section 2.2.1.6.4, for a definition of cable plant
over which the system should operate.

Specifically, the scope of this section is as follows:

* It describes the transmission technique used to support full-duplex service on a
single twisted-wire pair.

» It specifies both the input signal with which the NT must operate and the output
signal that the NT must produce.

» It defines the line code to be used, and the spectral composition of the transmitted
signal.

» It describes the electrical and mechanical specifications of the network interface.
» It describes the organization of transmitted data into frames and superframes.

» It defines the functions of the operations channel.

» It describes the maintenance modes of the NT.

While this section does not include, except for some aspects of the frame structure,
any direct requirements concerning the network side of the interface, such
requirements are implied. It shall be understood that the network side conforms to the
specification if it interfaces appropriately with any conforming NT or equivalent.
Appropriate interfacing shall be understood to mean that the aspects of the network
service related to physical characteristics associated with the interface can be
provided.

2.2.1.2 Structure of this Document

"Referenced Publications," Section 2.2.1.3, lists referenced documents. "Definitions,"
Section 2.2.1.4, lists definitions helpful in interpreting the specifications. "Physical
Characteristics," Section 2.2.1.5, describes the transmission media over which the
transmission method specified in the document in "Transmission Method," Section
2.2.1.6, is intended to operate. "Functional Characteristics," Section 2.2.1.7, describes
the coding and framing arrangements of the transmission method, whereas "Electrical
Characteristics," Section 2.2.2, specifies its electrical characteristics. "M-Channel Bit
Functions," Section 2.2.3.1, describes the functions and operating procedures
associated with the overhead bits included with the transmitted data. "Environmental
Conditions," Section 2.2.3.2, describes the environmental conditions.

Information on testing is given in "Test Loops and Performance Measurements,"
Section 2.2.3.3, and information on surge protection and out-of-band energy is given in

1. Registered trademark of American National Standards Institute.
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"Overvoltage, Surge Protection, and EMC," Section 2.2.3.4. "DSL Start-up and
Activation," Section 2.2.3.5, provides information on activation, "Linearity," Section
2.2.3.6, provides information on linearity measurements, "Discussion of eoc
Addressing," Section 2.2.4.1, is a discussion on embedded operations channel
addressing, and "Supporting Information Relating to DC Metallic Termination,"
Section 2.2.4.2, gives supporting information relating to DC metallic termination.
"Primary Constants of Typical Telephone Cable," Section 2.2.4.3, provides tables of
primary constants for telephone cable. "Optional Powering across the Interface,"
Section 2.2.4.4, gives a description of a method of NT powering using pins of the
interface connector.

2.2.1.3 Referenced Publications
The following is a list of referenced publications:
 ANSI T1.216-1990, ISDN Management - Basic Rate Physical Layer

* ANSI T1.601-1991, Integrated Services Digital Network (ISDN) - Basic Access
Interface for Use on Metallic Loops for Application on the Network Side of the NT
(Layer 1 Specification)

* ANSI T1.605-1991, Integrated Services Digital Network (ISDN) - Basic Access
Interface for S and T Reference Points (Layer 1 Specification)

e ITU-TS Recommendation G.960, Digital Section for ISDN Basic Rate Access

e ITU-TS Recommendation G.961, Digital Transmission System on Metallic Lines
for ISDN Basic Rate Access

 ITU-TS Recommendation 1.411, ISDN User-Network Interface Reference
Configurations

e ITU-TS Recommendation 1.412, ISDN User-Network Interfaces - Basic Interface
Structure

e ITU-TS Recommendation 1.430, Basic User-Network Interface - Layer 1
Specification

* ITU-TS Recommendation 1.603, Application of Maintenance Principles to ISDN
Basic Access

 ITU-TS Recommendations I, K, G, O, M Series

» Bellcore, Circuit-Switched Digital Capability Network Interface Specification,
Appendix A, Cable Characteristics 1 Hz to 5 MHz, Issue 1, Piscataway, NJ;
Bellcore; 1984, July

» Title 47, Code of Federal Regulations, section 68, Subpart F, Section 68.500 (b)

* International Standard for Information Processing Systems - Interface Connector
and Contact Assignments for ISDN Basic Access Interface Located at Reference
Points S and T, ISO 8877-1987

2.2.1.4 Definitions

ANSI: The domestic U-interface standard was produced for ANSI by the Accredited
Standards Committee on Telecommunications, T1, which is sponsored by the
Exchange Carriers Standards Association.

B-Channel: A 64-kbps channel that carries customer information such as voice calls,
circuit-switched data, or packet-switched data.
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Basic Access: A term used to describe a simple standardized combination of access
channels that constitute the access arrangements for the majority of ISDN users;
specifically, any of the following combinations of access channels:

e One D-channel
e One B-channel plus one D-channel
* Two B-channels plus one D-channel.

D-Channel: An access channel carrying control or signaling information and,
optionally, packetized information and telemetry. When a part of basic access, the
D-channel has a capacity of 16 kbps.

DSL.: A technology that provides full-duplex service on a single twisted metallic pair
at a rate sufficient to support ISDN basic access and additional framing, timing
recovery, and operations functions. The physical termination of the DSL at the
network end is the LT; the physical termination at the user end is the NT.

Echo Cancellation: A technique for implementing a DSL in which a record of the
transmitted signal is used to remove echoes of this signal that may have mixed with
and corrupted the received signal. (See "Transmission Method," Section 2.2.1.6 and
Figure 2.2.1-2))

ISDN: An ISDN provides a wide range of voice and nonvoice services within the same
network using a limited set of connection types and multipurpose user-network
interface arrangements. A variety of implementation configurations is supported,
including circuit-switched, packet-switched, and nonswitched connections and their
concatenations. New services are arranged to be compatible with 64-kbps switched
digital connections. Service features, maintenance capabilities, and network
management functions are provided through intelligence built into the network and
compatible intelligence in the user terminals.

The ISDNs will evolve over one or more decades from the existing telephone network
into comprehensive ISDNSs by progressively incorporating additional functions to
provide for both existing and new services. Until then, interworking arrangements will
provide for the inclusion of other capabilities such as circuit switching and packet
switching of data. During the transition, existing equipment such as digital
transmission systems using techniques such as frequency-division multiplexing,
time-division multiplexing, time-compression multiplexing, time-division multiplex
switching, and space-division multiplex switching equipment will provide for the
digital end-to-end connectivity of ISDNs. In the early stages of the evolution of ISDNs,
some interim user-network arrangements may be needed to facilitate early
penetration of digital service capabilities.

Interface Point: The location of the interface of the access line with respect to the
NT is commonly called the U-interface, (see Figure 2.2.1-1). The location of the
interface shall be on the customer’s premises at a location mutually agreed upon by
the service provider or administration and the customer.
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Local Exchange

‘ Transmission 2B+D+M
—’— NT : 5 S I S S
\ Line

T Interface
Reference Point
Point

Figure 2.2.1-1 — Interface on the Network Side of the NT

International Telecommunications Union (ITU): The ITU is a specialized agency
of the United Nations (since 1948) and is an international treaty organization. It
traces its formal beginnings to 1865.

ITU-TS: The ITU-TS is one of seven ITU organizations. The ITU-TS has
responsibility for standards work done in the ITU. The general purpose of the ITU-TS
is to promote and ensure the operation of international telecommunications systems.

LT: Equipment that terminates the access line at the network end.

NT: The term NT is used in this section to refer to equipment that terminates the
DSL on the customer side of the interface. The NT function may be in an NT1, an
NT2, or a TE. An NT1 is a network termination of an access line that provides
minimal physical layer functionality. An NT2 is a network termination with
functionality that can include interfacing higher layer protocols. A TE is customer
terminal equipment, for example, a computer terminal, and may include network
termination functions.

Network or Network Side: The terms network and network side are used in this
section to refer to the network side of the interface or the network functions as seen
from the interface.

2.2.1.5 Physical Characteristics
2.2.1.5.1 Wiring Polarity Integrity

The NT shall not be dependent on a specific polarity for the two wires of the access
line as the pair may be reversed.

2.2.1.5.2 Connector

For single mountings, the NT shall connect to the network through a miniature
8-position nonkeyed jack. The cord from the NT shall terminate in a miniature
8-position nonkeyed plug. For multiple mountings (and PBXs) other connection
arrangements may be appropriate. Except for pin assignments, specifications for the
8-position plug and jack shall be as described in ISO Standard 1SO 8877:1987. The
jacks are equipped with the center two contacts (pins), which are used for the cable
pair, commonly called tip (T) and ring (R). The terms tip and ring will not be used in
this document where their use can be avoided because of the requirement given in
"Wiring Polarity Integrity," Section 2.2.1.5.1. Table 2.2.1-1 gives the pin assignments
for the 8-position jack and the 8-position plug.
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Table 2.2.1-1 — Pin Assignments for 8-Position Jack and Plug

PIN FUNCTION NOTES
NUMBER

1 Battery status |Optional battery status indication as described in
Section 2.2.4.4.

2 Battery status |Optional battery status indication as described in
Section 2.2.4.4.

3 No connection |Reserved for future specification.

4 Signal Tip or Ring of pair to and from the network
interface.

5 Signal Tip or Ring of pair to and from the network
interface.

6 No connection |Reserved for future specification.

7 Powering Optional powering as described in Section 2.2.4.4.

8 Powering Optional powering as described in Section 2.2.4.4.

2.2.1.6 Transmission Method
2.2.1.6.1 Overview of Transmission System

The transmission system uses the echo canceler with hybrid (ECH) principle to
provide full duplex operation over a 2-wire subscriber loop. With the ECH method, as
illustrated in Figure 2.2.1-2, the echo canceler (EC) produces a replica of the echo of
the near-end transmission, which is then subtracted from the total received signal.

The system is intended for service on twisted-pair cables, including about 99-percent
coverage of the North American nonloaded loop population. This equates to operation
over cables up to the limits of 18 kft (5.5km) 1,300-ohm resistance design, or about
42-dB loss at 40 kHz.

The foregoing is a general description that is not a specific performance requirement.
For laboratory test requirements, see "Received Line Signal Characteristics," Section
2.2.1.6.4. Performance requirements for equipment and systems installed on actual
loops are beyond the scope of this section.
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Figure 2.2.1-2 — Echo Canceler with Hybrid Principle
2.2.1.6.2 Line Code

The line code shall be 2B1Q (2 bits mapped into one quaternary symbol). This is a
4-level pulse amplitude modulation (PAM) code without redundancy.

The user-data bit stream, comprised of two 64-kbps B-channels and a 16-kbps
D-channel, entering the NT from the S/T interface (that is, entering the S/T interface
toward the NT) and the equivalent bit stream on the network side shall be grouped
into pairs of digits (bit fields) for conversion to quaternary symbols that in the sequel
are also called quats. In each pair of bits so formed, the first bit is called the sign bit
and the second is called the magnitude bit. Each successive pair of scrambled bits in
the binary data stream is converted to a quaternary symbol to be output from the
transmitter at the interface, as specified in the following:

First Second Quaternary

Bit Bit Symbol
(Sign) (Magnitude) (Quat)
1 0 +3
1 1 +1
0 1 -1
0 0 -3

The four values listed under "Quaternary Symbol" should be understood as symbol
names, not numerical values.

Figure 2.2.1-3 is an example of 2B1Q pulses over time. Square pulses are used for
only the convenience of display and do not in any way represent the specified shape of
real 2B1Q pulses (see "Pulse Shape," Section 2.2.1.6.3.2). Quat identifications and bit
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representations, after scrambling (see "Scrambling,” Section 2.2.1.7.3), are given

beneath the waveform. Time flows from left to right.

+3 —
+1 —
-1 -
-3 _
time —— =
Quats -1 +3 +1 -3 -B +1 4+
Bits 0110 1 0 0 1111

w

13
0

0

;

1
1

;

1
1

+1
11

01

-3
00

Figure 2.2.1-3 — Example of 2B1Q Quaternary Symbols

+3
10

-1 +1
0111

+3
1

The B- and D-channel bits are also scrambled before coding. M; through Mg bits are
also paired, scrambled, and coded in the same way. See "Frame Structure," Section
2.2.1.7.2, "Scrambling," Section 2.2.1.7.3, and Figure 2.2.1-4 for a functional
description of the coding, framing, and scrambling operations of the transceiver.
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SIGN
2B1Q
MAG.
ENCODE. | st
U | MAG.
syne | ON | x =
WORD | MAG.
GEN.

INVERT

** M 5 and M ¢ bits reserved for future specification (excluded from crc check).

Figure 2.2.1-4 — DSL Framer Functional Description

Figure 2.2.1-5 shows the relationship of the bits in the B- and D-channels to quats.

At the receiver, each quaternary symbol is converted to a pair of bits by reversing the
table in Figure 2.2.1-4, de-scrambled, and finally formed into a bit stream or bit
streams (by reversing the relationship in Figure 2.2.1-4) representing B- and
D-channels, and M-channel bits for maintenance and other purposes as described in
"Functional Characteristics," Section 2.2.1.7, and "M-Channel Bit Functions," Section
2.2.3.1. The bits in the B- and D-channels are properly placed by reversing the

relationship in Figure 2.2.1-5.
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Where:

b,, =first bit of B, octet as received at the S/T interface

b,g =last bit of B, octet as received at the S/T interface

b,, =first bit of B, octet as received at the S/T interface

b,g =last bit of B, octet as received at the S/T interface

d,d, = consecutive D-channel bits (s first bit of pair as received at the S/T

interface)
g; = ith quat relative to start of given 18-bit 2B+D data field There are twelve 2B+D 18-bit fields per 1.5
msec basic frame.

Note: There are twelve 2B+D 18-bit fields per 1.5 msec basic frame.
Figure 2.2.1-5 — 2B1Q Encoding of 2B+D Bit Fields

2.2.1.6.3 Pulses Originating at the NT
2.2.1.6.3.1 Resistance Requirement

For measurement reference purposes, the termination impedance shall be 135 ohms
resistive over a frequency band of 0 Hz to 160 kHz for all the requirements of this
section.

2.2.1.6.3.2 Pulse Shape
The transmitted pulse shall have the shape specified in Figure 2.2.1-6.

The pulse mask for the four quaternary symbols shall be obtained by multiplying the
normalized pulse mask shown in Figure 2.2.1-6 by 2.5V, 5/6 V, =5/6 V, or —=2.5 V.
When the signal consists of a framed sequence of symbols with a synchronization word
as described in "Baud Rate, Timing, and Synchronization," Section 2.2.1.7.1, and
equiprobable symbols in all other positions, the nominal average power is 13.5 dBm
(see "Signal Power," Section 2.2.1.6.3.3).

Note 1: Any NT that uses only a 2.0 V line pulse may cause a range reduction on
the order of 2 dB.

Note 2: In Figure 2.2.1-6, compliance of transmitted pulses within boundaries of the
pulse mask is not sufficient to assure compliance with the power spectral density
requirement and the absolute power requirement. Compliance with the requirements
in "Power Spectral Density," Section 2.2.1.6.3.3.1, and "Total Power," Section
2.2.1.6.3.3.2, is also required.
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Normalized I Quaternary Symbols: U
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DA 0.01 p.025v O 00833V L -.00833VH -.025\
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oC 0100 25V O 56V O -56V 0O -25V
0D L 0.95 m2.375VE 79167 VS -79167 \H  -2.375M

T = 12.5p5€c DE g .03 Mo75v g 025V g -025V -.075\)3
AT AT oF 0-01 [-025Vv 0 -00833 VD .00833VH .025\f
) : 0 ] 0 ] ] ] 0
0c -12 0 -3v 5 -1V 7 AV [ 3V
B=105__ | SH B-05 B-125V 0 -04167 VE 04167VE 125\

E=.03
A=.01
) $ )
U U L v
B | I
| | | )) [
T 757, O b//&/ | « |
F=-01 14T ? 501 F=
.01
H=-05
G=-12
05T 05T

NOTE: Compliance of transmitted pulses within
boundaries of the pulse mask is not sufficient to assure
compliance with the power spectral density requirement
and the absolute power requirement. Compliance with
the requirements in Sections 2.2.1.6.3.3.1 and
2.2.1.6.3.3.2 is also required.

Figure 2.2.1-6 — Normalized Pulse from NT Appearing at Interface
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2.2.1.6.3.3 Signal Power
2.2.1.6.3.3.1 Power Spectral Density

The upper bound of the power spectral density of the signal transmitted by the NT
shall be as shown in Figure 2.2.1-7. Measurements to verify compliance with this
requirement are to use a noise power bandwidth of 1.0 kHz.

2.2.1.6.3.3.2 Total Power

The average power of a signal consisting of a framed sequence of symbols with a
synchronization word and equiprobable symbols at all other positions shall be between
13.0 dBm and 14.0 dBm over the frequency band from 0 Hz to 80 kHz. The nominal
peak of the largest pulse shall be 2.5 volts (see "Pulse Shape," Section 2.2.1.6.3.2).

Note: Consistent with "Pulse Shape,” Section 2.2.1.6.3.2, during an interim period,
until 1992, a corresponding reduction in transmitted power (that is, with a nominal
pulse peak of 2.0 V, the average power shall be between 11.1 and 12.1 dBm) will be
acceptable.
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Figure 2.2.1-7 — Upper Bound of Power Spectral Density of Signal from NT at
Interface

2.2.1.6.3.4 Transmitter Linearity

The pulses at the interface from the NT toward the network, corresponding to the
symbol names +3, +1, -1, and -3, shall nominally all have the same shape and have
the ratio 3: 1: -1 : -3. The pulses at the interface received from the network, though
distorted by the transmission medium, shall have the same property, though this
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property is best checked at the source. Impairment resulting from deviations from this
ratio is called nonlinearity. This nonlinearity is defined as the residual after
subtracting a perfectly linear signal (a linearity standard) from the transmitter output
line signal. The linear signal is constructed from the same random data as is input to
the transmitter and processed through a linear filter. The parameters of the linear
filter are first optimized to reduce the residual to a minimum. The test principles,
hardware, and procedures are described further in "Linearity Measurement,” Section
2.2.3.6.

The transmitted and received signals shall have sufficient linearity so that the
residual rms signal is at least 36 dB below the rms signal at the interface. This
requirement applies under all normal transceiver conditions and over the prescribed
range of sealing current. (See "Sealing Current," Section 2.2.2.5.1.)

2.2.1.6.4 Received Line Signal Characteristics

When the pulses described in the preceding section are transmitted over the telephone
plant, as defined in "Definition of Telephone Plant," Section 2.2.1.6.4.1, the NT shall
receive any random sequences of these pulses with a bit error ratio (BER) of less than
107, as described in the following paragraphs.

2.2.1.6.4.1 Definition of Telephone Plant

For the purpose of this section, the telephone loop plant is defined as a set of 16 loops,
1 being a null (0 length) loop, with crosstalk and other impairments as specified in
this section and in "Test Procedure," Section 2.2.1.6.4.4. The makeups of the 15
nonnull loops and further information on the test loops may be found in "Test Loops
and Performance Measurements,” Section 2.2.3.3.

2.2.1.6.4.2 Performance Test Requirement

Satisfactory performance (BER < 107) with sufficient margin (see "Margin," Section
2.2.1.6.4.3) is required when the NT is receiving a pseudo-random sequence of pulses
attenuated and distorted as would result from transmission over each loop from a
nominal source and with simulated crosstalk, and other impairments superimposed,
and while transmitting a pseudo-random sequence. The added impairments are
described specifically in "Test Procedure,” Section 2.2.1.6.4.4, and "NT Input Signal
Jitter Tolerance," Section 2.2.2.4.1. The following detailed description of the
performance requirement in the presence of simulated crosstalk and other
impairments is in terms of a laboratory test, though the test description is intended
only to clarify the interface requirement.

2.2.1.6.4.3 Margin

Satisfactory performance shall be obtained, as described in "Test Procedure," Section
2.2.1.6.4.4, with a margin of at least 6 dB with the null loop and with test loops 4-15,
listed in "Test Loops and Performance Measurements," Section 2.2.3.3. It is desirable
to obtain satisfactory performance with a margin of at least 0 dB with test loops 1-3.

Note: Consistent with "Pulse Shape," Section 2.2.1.6.3.2, during an interim period
until 1992, a corresponding reduction in margin is allowed for performance tests of
transceivers receiving signals from transmitters with reduced nominal pulse
amplitudes. For instance, when the transmitter has a 2.0-volt nominal pulse
amplitude, the margin at the receiver on all 16 loops is reduced by 2 dB. The level of
the simulated NEXT described in "Simulated Crosstalk," Section 2.2.1.6.4.4.1, applies
to all transceivers.
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2.2.1.6.4.4 Test Procedure

To perform the test, two transceivers are required, one for each end of the test loop, as
shown in Figure 2.2.1-8. A pseudo-random binary source (PRBS) test signal (binary
sequence) shall be applied at point A and received at point B. Another PRBS shall be
applied at point C to create realistic echo conditions for the receiver at that end. No
pattern receiver is required at point D because only one direction is under test at one
time.

Point F shall be on a transceiver controlled by an independent external clock signal,
point E shall be on a transceiver that derives timing from the received signal. When
these tests are performed in a laboratory, the test loops are likely to be assembled
from pairs on cable reels with both ends of the pair appearing in the same laboratory.
The tests shall be performed with no connections other than the test loop between the
two transceivers. The loops for testing received signal performance, numbered 1
through 15 in "Test Loops and Performance Measurements," Section 2.2.3.3, are
individually inserted between points F and E in Figure 2.2.1-8. The test shall be
repeated for each direction on each test loop; that is, point F (Figure 2.2.1-8) at the
end labeled LT (see figures in "Notes on the Class of Test Loops," Section 2.2.3.3.1)
and point E at the end labeled NT, and then again with point F at the end labeled NT
and point E at the end labeled LT.

2.2.1.6.4.4.1 Simulated Crosstalk
2.2.1.6.4.4.1.1 Overview of Simulated Crosstalk

Simulated crosstalk is introduced at point E in Figure 2.2.1-8 by applying a calibrated
filtered Gaussian random white noise source to the receiver input terminals. The
source is frequency-shaped and its level set to simulate near end crosstalk (NEXT)
from 49 disturbers in a binder group. The assumed power spectral density (PSD) of
these disturbers is greater at high frequencies (above 50 kHz) than any 2B1Q signal
that meets the specification. The details of the assumed PSD of the disturbers are
discussed in "Test Loops and Performance Measurements,” Section 2.2.3.3.
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Key to Labels:

Far End Transceiver Binary Input

Near End Transceiver Binary Output

Near End Transceiver Binary Input

Far End Transceiver Binary Output

Near End Transceiver Interface (Noise Sum Point)

Far End Transceiver Interface (Not Under Test)
Attenuator for Calibration of Simulated NEXT

Attenuator for Calibration of Power-Related Noise
High-Impedance Coupling Circuit for Simulated NEXT
High-Impedance Coupling Circuit for Power-Related Noise

—TITOTMMOO >

Figure 2.2.1-8 — Laboratory Test Setup for Measuring BER

After application of a simplified NEXT model to the assumed PSD of the disturbers,
one obtains the PSD of the NEXT, as given in Figure 2.2.1-9 and as an equation for

I:)NEXT'

The equation and the figure are single-sided PSDs, meaning that the integral of
PnexTt, With respect to f, from O to o, gives the power in watts.

The simplified NEXT model has decreasing loss with a constant slope of 15 dB per
decade of frequency, and 57-dB loss at 80 kHz.

Note that Pyext has a significant amount of power in its 160- to 320-kHz lobe, and
continues to have significant power in successive lobes above that. However, as
discussed in "Test Loops and Performance Measurements," Section 2.2.3.3, a
bandlimiting filter may be used to sharply limit the PSD at frequencies above 320
kHz.

The simulated crosstalk shall be applied in such a way as to achieve the appropriate
voltage level without disturbing the impedance of the cable or the transceiver. See
note in "Margin," Section 2.2.1.6.4.3.
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2.2.1.6.4.4.1.2 Calibration of Crosstalk Simulation Filter

To set the simulated NEXT at the reference level (also called the point of 0 margin)
the simulated NEXT must have the power and power spectral density implied by the
equation for Pygxr. However, the accuracy obtained will depend on the design of the
filter used to create the simulated crosstalk. The greatest accuracy is required at the
highest points of the Pyexy function. In the band 0 to 320 kHz, the highest point is at
approximately 50 kHz, and a second peak occurs at approximately 220 kHz. The value
of Pnext 1S approximately -95.9 dBm/Hz at 50 kHz. The accuracy of the PSD obtained
must be £ 1 dB at all values of PSD between the peak, -95.9 dBm/Hz, and -106
dBm/Hz. This is the case approximately over the two frequency ranges 8 to 145 kHz,
and 175 to 300 kHz. Elsewhere, the accuracy shall be + 3 dB. At the notches (0 kHz,
160 kHz, and 320 kHz) the upper bound never goes below -113 dBm/Hz, and the lower
bound is absent in the same frequency ranges. Some of the tolerance limits are plotted
in Figure 2.2.1-9 in order to illustrate the tolerance requirements. To allow for the
bandlimiting filter, there is no lower bound at frequencies higher than 270 kHz.

The integral of the Pygxt function over the limits 0 to 320 kHz is -44.2 dBm. However,
the total power in the simulated crosstalk should take into account the effects of the
bandlimiting filter. The theoretical value of the total simulated NEXT power should be
recomputed after Pygxr is multiplied by the transfer function of the bandlimiting filter
used.

The total power of the simulated NEXT shall be within £ 0.1 dB of the theoretical
value computed as indicated.
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Figure 2.2.1-9 — PSD for Simulated Near-End Crosstalk (NEXT) for Testing 2B1Q

System
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2.2.1.6.4.4.1.3 Measurement of Simulated NEXT Power and PSD

The PSD of the simulated NEXT, and its average power, shall be measured at the
output of a voltage source of between 4,000 and 6,000 cohms Thevenin impedance,
terminated in a load consisting of a parallel combination of 135 ohms and Z, the
network shown in Figure 2.2.1-10. The power dissipated in the 135-ohm resistor
represents the power at the receiver input; thus, the NEXT power is the power
dissipated in this resistor. Z, is a complex load, and the calibration mechanism must
ensure that the required simulated crosstalk PSD, Pygxr, is coupled into the 135-ohm
resistor within limits specified in Figure 2.2.1-9.

?

148 nNF —— 994 Q —— 17.6nF

313.2Q 1595 Q

Note: Component tolerances + 1%
Figure 2.2.1-10 — Crosstalk Calibration Impedance, Z

2.2.1.6.4.4.2 Longitudinal Noise

Noise simulating longitudinal power line induction (60 Hz and associated harmonics)
shall also be introduced at point E (Figure 2.2.1-8). The method of introducing the
longitudinal noise, and the amplitude and waveform of the induced signal shall be as
follows:

1. For the loop under test (for example, one of the test loops) use an induction-type
neutralizing transformer to inductively couple longitudinal voltage/current to the
loop. To metallic signals, the transformer looks like a few hundred feet of cable.
The loop make-up should be maintained by accounting for the length and gauge
characteristic of that particular transformer. Insert the neutralizing transformer
at 40 percent to 60 percent (nominal 50 percent of the distance from the network
side). (The end labeled LT in the figures in "Notes on the Class of Test Loops,"
Section 2.2.3.3.1.)

2. Use a sawtooth longitudinal voltage waveform because it has a harmonic content
similar to power line induction. See Figure 2.2.1-11. The applied voltage should
be 50 volts RMS. Average value (DC) and even harmonics are negligible.

3. If desired, the test may be run with a low-impedance longitudinal termination
on the network side. (The end labeled LT in the figures in "Notes on the Class of
Test Loops," Section 2.2.3.3.1.) For that case, the longitudinal termination shall
be adjusted so that the longitudinal current in the termination is between 3.6
and 4 mA RMS.
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Vv — 16.67 msec—+
50 V RMS

Time

Figure 2.2.1-11 — Waveform for Longitudinal Noise

2.2.1.6.4.4.3 Power-Related Metallic Noise

Noise simulating power line induction (60 Hz and associated harmonics) shall also be
introduced at point E (Figure 2.2.1-8). The noise will consist of any two of the
harmonics at the power level indicated. The harmonics shall be coupled to the line
through a high-impedance coupling circuit (J in Figure 2.2.1-8) and the power
measured by the same technique indicated in "Measurement of Simulated NEXT
Power and PSD," Section 2.2.1.6.4.4.1.3. The noise test shall be conducted with all
combinations of two of the harmonics listed in the following table at the power level
indicated.

Frequency Tone Power
(Hz2) (dBm into 135 ohms)
60 -47
180 -49
300 -59
420 -65
540 -70
660 -74

2.2.1.6.4.4.4 Procedure

The BER measurements may be performed on one or more subchannels (for example,
B, 2B, or 2B+D). The B- or D-channels not used for BER measurements shall also be
driven by a PRBS. The averaging time for determination of error rate shall be at least
10 minutes when the bit stream under test is 144 kbps, at least 13 minutes when the
bit stream is 128 kbps, and at least 25 minutes when the bit stream under test is only
64 kbps.

For each test loop, and for each direction of transmission, the measurement procedure
shall be as follows:

BER is tested with noise applied at point E. The noise applied at point E includes
simulated NEXT (see "Simulated Crosstalk," Section 2.2.1.6.4.4.1), longitudinally
induced voltage (see "Longitudinal Noise," Section 2.2.1.6.4.4.2), and
power-line-related noise (see "Power-Related Metallic Noise," Section 2.2.1.6.4.4.3).
Jitter, as specified in "NT Input Signal Jitter Tolerance,” Section 2.2.2.4.1, also must
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be present. The attenuator G in Figure 2.2.1-8 shall be set so that the power spectral
density of the resulting simulated NEXT on the line is greater, by a margin specified
in "Margin," Section 2.2.1.6.4.3, than the calculated power spectral density Pygxt-

2.2.1.7 Functional Characteristics
2.2.1.7.1 Baud Rate, Timing, and Synchronization

The NT shall operate, as required, with the received signal baud rate in the range of
80 kbaud +5 ppm.

The digital subscriber line shall operate in a master-slave mode with the NT slaved to
the signal received from the network; that is, the signals transmitted from the NT
toward the network shall be synchronized to a clock that is synchronized to the
received signal.

Note: NT implementations intended for other applications in addition to providing
network access; such as behind an NT2; for example, PBX; or other piece of network
equipment operating in stand-alone mode; should be designed to operate with a
received signal having a tolerance as large as £32 ppm.

2.2.1.7.2 Frame Structure
2.2.1.7.2.1 Overview of Frame Structure

The information flow across the interface point shall utilize frames and superframes
as shown in Figures 2.2.1-12, 2.2.1-13, and 2.2.1-14.

As shown in Figure 2.2.1-12, a frame shall be 120 quaternary symbols. The nominal
time for the frame is 1.5 msec.

A functional description of the framing process is shown in Figure 2.2.1-4.

g ~ 1.5 milliseconds-» 0
FRAME g swisw M 12x@B+D) [ M |
Function Sync Word 2B+D “Overhead”
# Quats 9 108 3
Quat Positions 1-9 10-117 118-120
# Bits 18 216 6
Bit Positions 1-18 19-234 235-240

Frames in the NT-to-Network direction are offset from frames in the Network-to-NT
direction by 60+ 2 quats

Symbols & Abbreviations:

quat = quaternary symbol =1 baud

-3,-1,+1,+3 =symbol names

2B+D = Customer data channel$8 , B,, and D

SW = Synchronization Word (9-Symbol Code)
=+3+3-3-3-3+3-3+3+3

ISW = Inverted (or complementary) Sync Word
=-3-3+3+3+3-3+3-3-3

M = M-Channel Bits, M ;-M¢

Figure 2.2.1-12 — ISDN Basic Access 2B1Q DSL 1.5-Millisecond Basic Frame
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2.2.1.7.2.2 Synchronization Word

The first nine symbols of the frame shall be a synchronization word (SW), with the
guaternary symbols in the following sequence, except as noted in "Superframes,"
Section 2.2.1.7.2.6:

SW =+3 +3 -3 -3 -3 +3 -3 +3 +3
2.2.1.7.2.3 User Data (2B+D)

Following the synchronization word, the next 108 quaternary symbols in the frame
shall be as shown in Figure 2.2.1-3. Each frame includes 12 groups of 2B+D user data.
Each 2B+D group of user data includes 18 bits (9 symbols). Except during start-up,
the channels shall be transparent to user data bits (see "Transparency," Section
2.2.1.7.4.7.6). When one or more B- or D- channels are not in use in either direction,
the time slots allocated to the channel(s) shall contain idle code as specified in
"Start-Up and Control," Section 2.2.1.7.4, and "Baud Rate, Timing, and
Synchronization," Section 2.2.1.7.1. This idle code is generated by a layer higher than
Layer 1.

2.2.1.7.2.4 M-Channel

The last three symbols (6 bits) form a 4-kbps M channel for maintenance and other
purposes (see Figures 2.2.1-13 and 2.2.1-14).

2.2.1.7.2.5 Frame Offset

Received and transmitted frames at the NT shall be offset by 60+2 quaternary
symbols (that is, about 0.75 msec), as shown in Figure 2.2.1-15.
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NT-to-Network superframe delay offset from Network-to-NT superframe by 6&2 quats (about 0.75 ms).

All bits other than the Sync Word are scrambled.

Symbols & Abbreviations:

"1" =reserved bit for future specification (set 1)
eoc=embedded operations channel
a = address bit
dm = data/message indicator (0 = data, 1 = message)
i = information (data or message)
SW = synchronization word
ISW =inverted synchronization word
aib = alarm indication bit (set = 1 during start-up)
quat = pair of bits forming quaternary symbol
s=sign bit (first in quat)
m = magnitude bit (second in quat)

NOTE: 8 x 1.5 msec Basic Frames [1 12 msec
Superframe

act= start-up bit (set = 1 during start-up)
cre cyclic redundancy check: covers 2B+D & M
1= most significant bit

etc.
febe= far end block error bit (set = 0 for

errored superframe)

= Bext most significant bit

dea= turn-off bit (set = 0 to announce
turn-off)

uoa = U-only-activation bit

(optional, set = 1 to activate S/T)
2B+D = user data, bits 19-234 in frame
M =M channel, bits 235-240 in frame

Figure 2.2.1-13 — Network-to-NT 2B1Q Superframe Technique & Overhead Bit

Assignments
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NT-to-Network superframe delay offset from Network-to-NT superframe by 6&2 quats (about 0.75 ms).
All bits other than the Synch Word are scrambled.

Symbols & Abbreviations:

"1" =reserved bit for future specification (set= 1) act= start-up bit (set = 1 during start-up)
"1"" = network indicator bit ps 1 ps, = power status bits (set = 0 to indicate
(reserved for network use, set = 1) power problems)
eoc= embedded operations channel ntre NT in Test Mode bit (set = 0 to indicate
a = address bit test mode)
dm = data/message indicator (O = data, 1 = message) cso = cold-start-only bit (set = 1 to indicate
i = information (data or message) cold-start-only)
SW = synchronization word crc=cyclic redundancy check: covers 2B+D & M
ISW =inverted synchronization word 1= most significant bit
quat = pair of bits forming quaternary symbol 2 = next most significant bit
s=sign bit (first in quat) etc.
m = magnitude bit (second in quat) febe= far end block error bit (set = 0 for
sai= S-activation-indication bit errored superframe)
(optional, set = 1 for S/T activity) 2B+D= user data, bits 19-234 in frame

M = M channel, bits 235-240 in frame

NOTE: 8 x 1.5 msec Basic Frames [1 12 msec
Superframe

Figure 2.2.1-14 — NT-to-Network 2B1Q Superframe Technique & Overhead Bit
Assignments
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2.2.1.7.2.6 Superframes

Frames shall be organized into superframes, as shown in Figures 2.2.1-13 and
2.2.1-14. Eight frames (12 msec) shall constitute a superframe. The first frame in the
superframe shall be identified by inverting the polarity of the synchronization word
(SW) in this frame. The inverted synchronization word is abbreviated ISW:

ISW = -3 -3 +3 43 +3 -3 +3 -3 -3

The first frame in the superframe of the signal transmitted from the NT shall be the
next frame following the first frame in the superframe of the signal received from the
network. See "Frame Offset,” Section 2.2.1.7.2.5, and Figure 2.2.1-15 for specific
alignment of transmitted and received frames.

The 48 M bits in the superframe shall be assigned as indicated in Figures 2.2.1-13 and
2.2.1-14, and as summarized here:

eoc 24 bits - Embedded operations channel (both directions)
cre 12 bits - Cyclic redundancy check (both directions)

febe 1 bit - Far end block error (both directions)

dea 1 bit - Turn-off (network to NT)

act 1 bit - Start-up (both directions)

pSy ., 2 bits - Power status (NT to network)

ntm 1 bit - NT in test mode (NT to network)

Ccso 1 bit - Cold start only (NT to network)

uoa 1 bit - U-interface-only activation (network to NT)

sai 1 bit - S/T-interface activity indicator (NT to network)
aib 1 bit - Alarm indicator bit (network to NT)

1 1 bit - Network indicator bit (NT to network, reserved for network use)
1 4 bits - NT to network (reserved for future specification)
1 7 bits - Network to NT (reserved for future specification)
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Where
.Y, Z A B, C, ... = Network-to-NT Superframes
,-1,0,1,2,3,... = NT-to-Network Superframes
[i] = ith 1.5 ms Basic Frame in given Superframe

crey = Cyclic Redundancy Check Code for Superframe y
febes = Far End Block Error Bit for Superframe o
eocjj = Embedded Operations Channel
ij = LN = Network-to-NT direction

= NL = NT-to-Network direction

Figure 2.2.1-15 — DSL Framing and Overhead Function Temporal Relationships

2.2.1.7.3 Scrambling

The data stream in each direction shall be scrambled with a 23rd-order polynomial
(see Figures 2.2.1-4 and 2.2.1-16) prior to the insertion of SW.

The polynomial shall be as shown in Equation 2.2.1-1. In the network-NT direction
the polynomial shall be:

Exhibit 2.2.1-1 — 23rd-order Polynomial
10x°0x2%

where:
0 = modulo 2 summation.

In the NT-network direction the polynomial shall be:
10x80gx®

where:
0 = modulo 2 summation.

The binary data stream shall be recovered in the receiver by applying the same
polynomial to the scrambled data as was used in the transmitter.

Note 1: Binary ONEs and ZEROs entering the NT transceiver from the S/T interface
or entering the network side transceiver from the network must appear as binary
ONEs and ZEROs, respectively, at the input of the scrambler. Also, during
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transmission/reception of the synchronization word or inverted synchronization word,
the state of the scrambler must remain unchanged.

Note 2: It is common for the input bits to be all binary ONEs, for example during
idle periods or during start-up. For the binary ONEs to become scrambled, the initial
state of the scrambling shift register must not be all binary ONEs.

NT Transmit Scrambler (NT to LT):

Ds

O s D, 7
N U
D,=D; ® Dy - x®® Dg - x 23

LT Transmit Scrambler (LT to NT):

Ds -1 -1 -1 -1 -1
X X —---—= X X —---—= X
Di N ANDs X D, - x 23
L L
Ds=D;® D - x°® Dg - x=
LT Receive Descrambler (NT to LT):
Ds
xt xt b—---— x? x5 x1?
D AN AR X Ds - X7
L U
D,=Ds-(1® x™ 8@ x72%)
NT Receive Descrambler (LT to NT):
Dy
x71 xt o x1 xt b— oo x7
Do N ANDs x™° D - x™%
L LV

Dy=D- (1® x°® x2)

Figure 2.2.1-16 — Scrambler and De-scrambler
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2.2.1.7.4 Start-Up and Control
2.2.1.7.4.1 Overview of Start-Up and Control

The current software release is designed to accommodate a basic access U-interface
that remains active at all times. All start-up attempts are assumed to occur under
cold-start conditions. NTs that have transceivers with the optional warm-start
capabilities will operate appropriately and will meet the cold-start activation time
requirements.

The master-slave mode described in "Baud Rate, Timing, and Synchronization,"
Section 2.2.1.7.1, does not apply immediately after connecting the transmission line to
the NT and/or turning on its power. This happens at the time of installation, following
power failures, or after temporarily disconnecting the NT or temporarily switching off
its power. In these situations, the network may begin a start-up sequence in order to
achieve the master-slave mode. The NT is responsible for initiating the start-up
sequence upon power-up or upon a request for service from the customer terminal
(TE).

Also, for NTs that have the optional warm-start capability, master-slave mode does not
apply until start-up has been requested and synchronization achieved.

While the system is not in master-slave mode, that is, during the start-up sequence or
while in the RESET or RECEIVE RESET state, the transmission is not transparent to
user data (B;-, B,-, or D-channel bits); the signals that are present at the interface are
generated by the network and the NT transceivers.

2.2.1.7.4.2 Definitions
The following definitions are for the purpose of clarifying requirements.

2.2.1.7.4.2.1 Total Activation

The phrase "total activation” is used in this section to describe a process that includes
the start-up process as described here for this interface (see "Start-Up," Section
2.2.1.7.4.2.2) and activation of the S/T-interface as described in ANSI Standard
T1.605-1991.

2.21.7.4.2.2 Start-Up

Start-up is a process characterized at the interface by a sequence of signals produced
by the network and by the NT. Start-up results in establishment of the training of
equalizers and echo cancelers to the point that two-way transmission requirements
are met.

2.2.1.7.4.2.3 Warm Start

Warm start is the start-up process that applies to transceivers meeting the start-up
time requirements for the warm-start option. Qualifying transceivers have been
synchronized once and have subsequently responded to a turn-off announcement.
Warm start applies only if there have been no changes in line characteristics and
equipment. Transceivers that meet warm-start requirements are called warm-start
transceivers.

2.2.1.74.24 Cold Start

Cold start is the start-up process that applies to transceivers that either do not meet
start-up time requirements for the warm-start option, or have not been continuously
in a RESET state that resulted from a turn-off announcement to the NT. Cold start
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also applies if there have been changes in line characteristics or equipment, or both. A
cold start shall always start from the RESET state.

2.2.1.7.4.25 Cold-Start-Only

Transceivers that do not meet start-up time requirements (see "Start-Up Time
Requirements,” Section 2.2.1.7.4.8) for the warm-start option are called cold-start-only
transceivers.

2.2.1.7.4.2.6 Full Operational Status

Full operational status of the transceiver means that it has: (1) acquired bit timing
(for NT), bit timing phase (for LT), and frame synchronization from the incoming
signal from the other transceiver, (2) recognized the incoming superframe marker, and
(3) fully converged both echo canceler and equalizer coefficients.

2.2.1.7.4.2.7 Total Deactivation

The phrase "total deactivation" is used in this specification to describe a process that
includes the turn-off process as described here for this interface (see "Turn-Off,"
Section 2.2.1.7.4.2.8) and deactivation of the S/T interface as described in ANSI
Standard T1.605-1991.

2.2.1.7.4.2.8 Turn-off

Turn-off is the process by which a pair of fully operational transceivers transition to
the RESET state.

2.2.1.7.4.2.9 Transparency

The word transparency is used in this specification to mean that the B4, B,, or
D-channel (2B+D) bits received by the transceiver on the interface are passed to the
TE at the NT and to the network at the LT. Likewise, when a transceiver is
transparent, 2B+D bits sent to the transceiver at the LT from within the network or
at the NT from the TE are transmitted on the interface. Conversely, when a
transceiver is not transparent, 2B+D bits received on the interface are not passed
along to the TE at the NT or to the network at the LT. Likewise, when a transceiver is
not transparent, 2B+D bits from within the network at the LT or from the TE at the
NT are not transmitted on the interface. Transparency applies separately to each
transceiver. Conditions for transparency are discussed in "Transparency,” Section
2.2.1.7.4.7.6.

2.2.1.7.4.3 Reset
2.2.1.7.4.3.1 Introduction

The RESET state consists of two substates: the RECEIVE RESET and the FULL
RESET states. In other sections of this section, the term RESET is used to refer to the
FULL RESET state.

RESET has no implications about the state of convergence of the equalizer or echo
canceler coefficients of the transceiver. The RESET states are applicable to
cold-start-only as well as warm-start transceivers.

For specific transceiver implementations, RESET states (or substates) may mean
different and possibly multiple internal states.

2.2.1.7.4.3.2 Full Reset

The FULL RESET state is one in which a transceiver has detected the loss of signal
from the far-end and is not transmitting (sending signal to the loop).
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The FULL RESET state shall also be entered following power-up.

Because the time for a cold start may be longer than desirable for normal operation
(call origination), start-up shall be attempted upon NT power-up. After an
unsuccessful start-up attempt, the NT DSL transmitter may re-enter FULL RESET.

While in FULL RESET, NTs shall initiate transmission if responding to a new power
off/on cycle or to a new request for service from the customer terminal (TE). Under all
other conditions, where the transceivers have been turned off (see "Turn-Off
Procedure,” Section 2.2.1.7.4.7.5), the NTs shall remain quiet, that is, NTs shall not
start transmitting any signal until the NT has received the TL signal (start-up tone)
from the network.

2.2.1.7.4.3.3 Receive Reset

The RECEIVE RESET state is a transient state in which an NT (or a network side
transceiver) has detected the loss of signal from the far-end and is not transmitting
(sending signal to the loop). In addition, the transceiver is not permitted to initiate the
start-up sequence (send wake-up tone) but shall be capable of responding to the
start-up sequence (detecting wake-up tone). An NT (or a network side transceiver)
must remain in this state for at least 40 msec after detecting the loss of received
signal, as specified in "Timers," Section 2.2.1.7.4.4, and "Turn-Off Procedure," Section
2.2.1.7.4.7.5, after which time the transceiver shall enter the FULL RESET state.

2.2.1.7.4.4 Timers

Timers shall be used to determine entry into the RESET states. Upon the occurrence
of any of the following conditions:

e Failure to complete start-up within 15 seconds (warm or cold start)
e Loss of received signal for more than 480 msec.
» Loss of synchronization for more than 480 msec.

A transceiver shall cease transmission and, as specified in "Receive Reset," Section
2.2.1.7.4.3.3, enter the RECEIVE RESET state and remain for at least 40 msec
(unless it responds to a wake-up tone), after which it shall enter the FULL RESET
state. The manner of entering the RECEIVE RESET state is different for different
conditions.

For conditions (1) or (3), it shall cease transmission and then, upon the subsequent
detection of the loss of received signal, the transceiver shall enter the RECEIVE
RESET state. Its response time to a loss of signal (after conditions (1) or (3) have been
satisfied) shall be such that it shall enter the RECEIVE RESET state (and be capable
of responding to the initiation of wake-up tone by the far-end transceiver) within 40
msec after the far end transceiver ceases transmission.

For condition (2), the transceiver shall immediately enter the RECEIVE RESET state.

For conditions (2) or (3), these requirements apply to transceivers after superframe
synchronization is achieved (see T6 and T7 in Table 2.2.1-2 and Figure 2.2.1-17).

In addition, an NT shall enter the FULL RESET state if signal is not received within
480 msec after it ceases the transmission of TN (or SN1 if it is sent - see T2 to T3 in
Table 2.2.1-2 and Figure 2.2.1-17).

An approach to the use of timers in DSL transceivers is found in "DSL Start-up and
Activation," Section 2.2.3.5.
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2.2.1.7.4.5 Signals During Start-Up

Table 2.2.1-2 defines the signals produced by the transceivers during start-up. These
signals apply during both types of start-up (cold start and warm start). During
start-up, all signals at the interface shall consist of sequences of symbols of the shape
defined in "Pulses Originating at the NT," Section 2.2.1.6.3, and "Received Line Signal
Characteristics," Section 2.2.1.6.4.

With the exception of the wake-up tones (TN and TL), the scrambler shall be used in
the normal way in formulating the signals. For example, Table 2.2.1-2 shows binary
ONEs for B- and D-channel bits and the overhead bits in the signal SN1. These binary
ONEs are scrambled before coding, producing random pulses in these positions at the
interface.

Except where noted otherwise in Table 2.2.1-2, all the pulse sequences are framed and
superframed in accordance with the normal frame structure shown in Figures 2.2.1-3,
2.2.1-12, 2.2.1-13, and 2.2.1-14, and all pulses represent scrambled bits except those in
the synchronization word. The signals TN and TL are 10-kHz tones generated by
repeating the following unscrambled and unframed symbol pattern:

. +3 +3 43 +3 -3 -3 -3 -3 . . .
2.2.1.7.4.6 Line Rate During Start-Up

During start-up, the network shall produce symbols at the nominal line rate within
the tolerance specified in "Baud Rate, Timing, and Synchronization," Section 2.2.1.7.1.

The symbol rate from the NT shall be 80 kbaud + 100 ppm.

2.2.1.7.4.7 Start-Up Sequence

Figure 2.2.1-17 shows the sequence of signals at the interface that are generated by
the transceivers. The transition points in the sequence are also defined in Figure
2.2.1-17. "DSL Start-Up and Activation," Section 2.2.3.5, gives two examples in its
discussion of how these start-up signals at the interface may relate to other activation
events away from the interface. For further information on the events at the S- and
T-reference points, the reader is referred to ANSI Standard T1.605-1991.

2.21.7.4.7.1 Wake-Up

When transceivers are in the RESET state, either transceiver may initiate start-up by
sending a tone as defined in Table 2.2.1-2.
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Table 2.2.1-2 — Definitions of Signals During Start-Up

SIGNAL SYNCH FRAME(ISW) 2B+D M START TIME STOP | (FRAMES)
SUPER-WORD
(sw)
TN +39 +39 +39 +39 i i 6
SN1P Present? Absentd 1 1 T1¢ T2¢ -
SN2b Present? Absentd 1 1 T5¢ T6C -
SN3P Present? Present? | Normal*f | Normal® T6C j -
TL? +39 +39 +39 +39 i i 2
[¢] g g
sL1bP Present? Absentd 1 1 T3¢ T4° -
sL2P Present? Present? 0 Normal® T4¢ T7¢ -
sL3P Present? Present® | Normal*’ | Normal® T7¢ j -
Note(s):

a. TN, TL — Tones produced by NT or LT, respectively (see Section 2.2.1.7.4.5).

b. SNx, SLx — Pulse patterns produced by NT or LT, respectively.

¢. Tx — Notation refers to transition instants defined in Figure 2.2.1-17.

d. Absent — Under Superframe this notation means that only SW is transmitted, not ISW.

e. Normal — Normal means that the M bits are transmitted onto the 2-wire line as required during
normal operation; for example, valid crc bits, eoc bits, and indicator bits are transmitted.

f. Normal+ — Except to perform a loopback, B- and D-channel bits shall remain in the previous state
(that is, the B- and D-channel bits shall remain set to binary ONE in SN3 and set to binary Zero in
SL3) until transparency is achieved as described in Section 2.2.1.7.4.7.6

g. Tones have alternating pattern of four +3s followed by four -3s, and no SW.

h. Tones have alternating pattern of four +3s followed by four -3s, and no SW.

i. See Figure 2.2.1-17 and text of Section 2.2.1.7.4.7 for start and/or stop time of this signal.
j. Signals SN3 and SL3 continue indefinitely (or until turn-off).
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I I I
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I I I
I I I
| |

. SL1 (optional) SL2 sL3
L_...—1 - - - =

2 frames

Time  Description of Event or State:

TO RESET state.
T1 Network and NT are awake.
T2 NT discontinues transmission, indicating that the NT is ready to

receive signal.
T3 Network responds to termination of signal and begins transmit-

ting signal toward the NT.

T4 Network begins transmitting SL2 toward the NT, indicating net-
work is ready to receive SN2.

T5 NT begins transmitting SN2 toward the network, indicating that
NT has acquired SW frame and detected SL2.

T6 NT has acquired superframe marker, and is fully operational.

T7 Network has acquired superframe marker, and is fully operational.

Figure 2.2.1-17 — State Sequence for DSL Transceiver Start-Up

2.2.1.7.4.7.2 Start-Up from Customer Equipment

While the NT and network remain in the RESET state, a request for start-up from the
customer terminal equipment shall result in the TN signal (tone) being sent from the
NT toward the network. The network, on receiving TN shall remain silent until
detection of cessation of signal from the NT. The rest of the sequence then follows as
indicated in Table 2.2.1-2 and Figure 2.2.1-17. If the LT happens to try to start-up at
the same time, it may send a TL tone during the TN tone without conflict.

While in the RESET state, NTs may initiate start-up only if responding to a new
power off/on cycle or to a new request for service from the customer terminal
equipment. Under all other conditions, where the transceivers have been turned off,
the NTs shall remain quiet [that is, NTs shall not start transmitting any signal until
the NT has received the TL signal (start-up tone) from the network].

2.2.1.7.4.7.3 Start-Up from the Network

While the NT and network remain in the RESET state, a request for start-up from the
network shall result in the TL signal being sent from the network toward the NT. The
NT, on receiving TL shall respond with TN within 4 msec from the beginning of TL.

The rest of the sequence then follows as indicated in Table 2.2.1-2 and Figure 2.2.1-17.

Note: The dea bit from the network shall be set to binary ONE before start-up is
initiated.
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2.2.1.7.4.7.4 Progress Indicators

In the NT-to-network direction, the act bit remains set equal to 0 until the customer
equipment is ready to transmit. The corresponding action at the T-reference point in
the customer equipment is receipt of the signal INFO3. To communicate this progress
indication, act from the NT is set equal to 1. Assuming INFO3 occurs before T6 and
T7, this progress indication shall not affect overhead symbols at the interface until T6,
when the NT overhead bits are allowed to be normal, and may not be detected by the
network until T7.

After event T7 (Figure 2.2.1-17) and after act = 1 is received from the NT, the network
sets the act bit equal to 1 to communicate readiness for Layer 2 communication (see
"Frame Structure," Section 2.2.1.7.2, and "The act Bit," Section 2.2.3.1.2.2).

2.2.1.7.4.7.5 Turn-Off Procedure

All transceivers shall cease transmission following loss of received signal. There are
different turn-off procedures for transceivers that have achieved full operational status
than for transceivers that have not (see "Timers," Section 2.2.1.7.4.4).

The network may take advantage of the capabilities of warm-start NTs by announcing
turn-off. In announcing turn-off, the network shall change dea from 1 to 0 and send
dea = 0 in at least three consecutive superframes before ceasing transmission. It shall
cease transmission before sending the dea bit in the superframe following the
superframe in which dea = 0 is sent the last time. During the superframes with dea =
0 the NT has time to prepare for turn-off. Cold-start-only NTs may ignore the status of
the dea bit.

After the warm-start NT has prepared itself for turn-off, it shall, upon the detection of
loss of signal from the network, cease transmission and enter the RECEIVE RESET
state within 40 msec of the occurrence of the transition to no signal at its interface. As
specified in "Reset," Section 2.2.1.7.4.3, unless it responds to a TL signal from the
network, it shall not initiate the transmission of wake-up tone for a period of at least
40 msec after it ceases transmission and then it shall enter the FULL RESET state.

The network (network-side transceiver), after announcing turn-off and ceasing
transmission, shall enter the FULL RESET state upon detection of loss of received
signal from the NT.

Although NTs are not permitted to initiate turn-off, the LT shall respond to loss of
signal as previously stated. However, in this scenario, there is no stated means of
taking advantage of warm-start capabilities.

2.2.1.7.4.7.6 Transparency

Transparency of the transmission in both directions by the NT shall be provided after
the NT achieves full operational status (T6), and both act = 1 from the network and
dea = 1. Full operational status of the NT means that the NT has: (1) acquired bit
timing and frame synchronization from the incoming signal from the network, (2)
recognized the superframe marker from the network, and (3) fully converged both its
echo canceler and equalizer coefficients.

Transparency of the transmission in both directions within the network shall be
provided when the network achieves full operational status (T7), detects the presence
of the superframe marker from the NT, and receives act = 1 from the NT. Full
operational status of the network means that the network has: (1) acquired bit timing
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phase of the incoming signal from the NT and frame synchronization, (2) recognized
the superframe marker from the NT, and (3) fully converged both its echo canceler and
equalizer coefficients.

At the LT, transparency of the B- and D-channels shall occur at any time during
either the first LT-transmitted superframe with act = 1 or during the last
LT-transmitted superframe with act = 0. Transparency occurs at the transition from
all Os to "normal” in the B- and D-channels in SL3. For example, referring to Figure
2.2.1-15, suppose superframe A is the last transmit superframe with act = 0,
superframe B is the first transmit superframe with act = 1, and superframes C and D
continue with act = 1. The transition to transparency may occur not later than the
first bit of superframe C. This means that all B- and D-channel bits in superframes C
and D shall be transmitted transparently, provided that conditions for transparency
have been maintained.

At the LT, transparency of the B- and D-channels in the LT-to-network direction may
occur at a different time than transparency in the LT-to-NT direction. However, in
both directions the LT shall become transparent during the two transmit superframes
A and B described in the example. The NT may not yet have achieved transparency
during this interval.

After both the network and the NT achieve transparency in both directions, the act
bits shall continue to reflect the state of readiness of the network and the terminal
equipment for Layer 2 communication. The act bit in the network-to-NT direction
shall reflect the status of the network side of the interface, except during 2B+D
loopback toward the network. The act bit in the NT-to-network direction shall reflect
the status of the NT side of the interface. Whenever either end, for any reason, loses
its readiness to communicate at Layer 2 (for example, the terminal is unplugged), that
end shall set its transmitted act bit to zero. A change of status of this bit shall be
repeated in at least three consecutive transmitted superframes.

Transparency required to perform loopbacks is independent of the state of the act bit
(see "Definition of Required eoc Functions,” Section 2.2.3.1.3.4).

2.2.1.7.4.8 Start-Up Time Requirements

The network and the NT shall complete the start-up process, including
synchronization and training of equalizers to the point of meeting performance criteria
within the following lengths of time. Cold-start-only transceivers shall synchronize
within 15 seconds. Warm-start transceivers shall synchronize within 300 msec on
warm starts and within 15 seconds on cold starts. The 15-second cold-start time
requirement is apportioned such that the NT is allowed 5 seconds and the network is
allowed 10 seconds. For warm starts, the 300-msec start-up time requirement is
apportioned equally between the NT and the network, 150 msec each. See Figure
2.2.1-17 for details.

Note: The 300-msec requirement applies to laboratory tests only. No 300-msec timer
is involved in actual in-service loops. (See the definitions in "Warm Start," Section
2.2.1.7.4.2.3, and "Cold Start," Section 2.2.1.7.4.2.4 for warm- and cold-starts.)

As indicated in Figure 2.2.1-17, the start-up time requirements cover the time span
from wake-up tone to T7, and do not include time for activation of customer terminal
equipment. All start-up times apply only to the DSL, and do not apply to the entire
customer access link where carrier systems may be involved (see Figure 2.2.4-1).
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The following description of a laboratory test of start-up time is intended only to
clarify the start-up time requirements. The test shall be started by a wake-up tone
(either TN or TL) and time recorded from the beginning of TN until event T7 (see
Figure 2.2.1-17). It is desirable to separately record the accumulation of time
components A + C and B + D as defined in Figure 2.2.1-17.

The test shall be conducted on each of sixteen test loops (see "Definition of Telephone
Plant," Section 2.2.1.6.4.1, and the figures in "Notes on the Class of Test Loops,"
Section 2.2.3.3.1). The test shall be conducted with an LT-NT pair on each test loop,
first with the LT and NT as shown in the figures in "Notes on the Class of Test
Loops," Section 2.2.3.3.1, and then with the NT and LT interchanged. Artificial
crosstalk, power related metallic noise, and longitudinal noise as described in "Test
Procedure,” Section 2.2.1.6.4.4, shall be applied throughout the test. Furthermore:

a. Itis desirable to apply the interference to both ends of the test loop.

b. It is desirable to conduct the test using clock sources with maximum frequency
offsets.

c. Itis desirable to repeat the test a number of times in order to determine the
degree of repeatability.

For warm starts, the test shall begin from a RESET state that has been entered
without loss of power following turn-off announcement as described in "Turn-Off
Procedure,” Section 2.2.1.7.4.7.5.

Start-up time on actual loops is beyond the scope of this standard.

2.2.1.7.5 NT Maintenance Modes
2.2.1.7.5.1 Overview of NT Maintenance Modes

The NT Quiet Mode (QM) functionality within an NT (or customer equipment
containing the NT functionality) will assure that an NT will not attempt a start-up or
will not initiate transmission during metallic loop tests conducted by the network. The
Insertion Loss Measurement Test (ILMT) will cause a known test signal to be
generated by an NT. This test will be used in network measurements of DSL
transmission characteristics and may provide the ability to determine, from a
single-ended test of the metallic loop, if the loop can support DSL transmission.

Figure 2.2.1-18, NT Loop Testing States, illustrates the various NT states associated
with both the NT Quiet Mode and the Insertion Loss Measurement Test.
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Note: ILMT = Insertion Loss Measurement Test.
Insertion Loss Signal = Scrambled, framed 2B1Q.
6,8,10 = Number of pulses within trigger signal.
Trigger Signal = DC or low-frequency AC pulses.
TO = Timeout = 75 seconds.

Figure 2.2.1-18 — NT Loop Testing States

As a result of a power off/on cycle, the NT exits the maintenance mode and attempts
start-up as described in "Full Reset," Section 2.2.1.7.4.3.2. All knowledge of previous
maintenance modes is lost.

2.2.1.7.5.2 NT Quiet Mode
The NT Quiet Mode implementation shall be as follows:

1. The NT shall unconditionally enter the Quiet Mode upon receipt of six
consecutive pulses in the trigger signal (see "NT Quiet Mode and Insertion Loss
Measurement Test Trigger Signal,” Section 2.2.1.7.5.4, "DC Signaling Format,”
Section 2.2.1.7.5.5, and "Low Frequency AC Signaling Format," Section
2.2.1.7.5.6). Once triggered, the function shall latch until either timeout or
turnoff.

2. While in Quiet Mode, the NT shall cease all transmission, and not attempt
start-up.

3. The NT Quiet Mode duration shall be 75 seconds. If no trigger signal is received
to change the NT state during the 75-second QM duration, the NT shall exit the
maintenance mode. Upon exiting the maintenance mode, the NT and the
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network shall be responsible for operation described in "Start-Up from Customer
Equipment,” Section 2.2.1.7.4.7.2, and "Start-Up from the Network," Section
2.2.1.7.4.7.3.

A receipt of six consecutive pulses in the trigger signal during Quiet Mode shall
cause the NT to return to the start of the Quiet Mode state. (The Quiet Mode
would then continue for another 75 seconds until either timeout or receipt of a
new trigger signal that would alter the NT state.)

A receipt of eight consecutive pulses in the trigger signal during Quiet Mode
shall cause the NT to enter the Insertion Loss Measurement Test state.

A receipt of ten consecutive pulses in the trigger signal during Quiet Mode shall
cause the NT to exit the maintenance mode (see 3.).

If the NT receives 1, 2, 3, 4, 5, 7, 9, or greater than 10 consecutive pulses in the
trigger signal then the state-change command is not valid and no action is taken
by the NT.

2.2.1.7.5.3 Insertion Loss Measurement Test

The Insertion Loss Measurement Test implementation shall be as follows:

1.

The receipt by the NT of eight consecutive pulses in the trigger signal (see "NT
Quiet Mode and Insertion Loss Measurement Test Trigger Signal," Section
2.2.1.7.5.4, "DC Signaling Format," Section 2.2.1.7.5.5, and "Low Frequency AC
Signaling Format," Section 2.2.1.7.5.6), shall unconditionally initiate the
Insertion Loss Measurement Test. Once triggered, the function shall latch until
either timeout or turnoff. The NT shall not attempt start-up during the Insertion
Loss Measurement Test.

While in the Insertion Loss Measurement Test state, the NT shall generate a
scrambled, framed, 2B1Q signal. SN1 and SN2 (see "Pulses Originating at the
NT," Section 2.2.1.6.3) are examples of scrambled, framed, 2B1Q signals suitable
for the Insertion Loss Measurement Test signal.

The Insertion Loss Measurement Test duration shall be 75 seconds. Upon exiting
the maintenance mode, the NT and the network shall be responsible for
operation as described in "Start-Up from Customer Equipment,” Section
2.2.1.7.4.7.2, and "Start-Up from the Network," Section 2.2.1.7.4.7.3.

Receipt of eight consecutive pulses in the trigger signal during the Insertion Loss
Measurement Test duration shall cause the NT to return to the start of the
Insertion Loss Measurement Test. (The ILMT would then continue for 75
seconds until timeout or receipt of a new trigger signal to alter the NT state.)

A receipt of six consecutive pulses in the trigger signal during Insertion Loss
Measurement Test shall cause the NT to enter the Quiet Mode state.

A receipt of ten consecutive pulses in the trigger signal during Insertion Loss
Measurement Test shall cause the NT to exit the maintenance mode (see Item
3).

If the NT receives 1, 2, 3, 4, 5, 7, 9, or greater than 10 consecutive pulses in the
trigger signal, then the state-change command is not valid and no action is
taken by the NT.
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2.2.1.7.5.4 NT Quiet Mode and Insertion Loss Measurement Test Trigger Signal

The NT shall be capable of detecting and responding to the following two types of
signals:

» The DC signaling that begins with a steady current flow (start interval) followed
by 6, 8, or 10 pulses sent as breaks in the current and ends with steady DC
current flow (stop interval).

* The AC signaling that begins with no current flow (start interval, less than 200
pHA DC) followed by 6, 8, or 10 half cycles of a 2- to 3-Hz sine wave, and ends with
no current flow (stop interval). When receiving the AC signaling, the NT shall
count each half cycle of the same wave as one pulse.

A valid test trigger signal shall consist of a valid start interval followed by either 6, 8,
or 10 consecutive pulses followed by a valid stop interval. Unless an entire trigger
sequence consisting of start interval, pulses, and stop interval is received, the NT
shall take no action. A stop interval may be followed by a start interval without any
intervening breaks. Signals on the loop before the start interval or after the stop
interval shall not affect the NT trigger detection function. The start and stop intervals
shall be = 500 msec. The NT shall be capable of detecting and validating the trigger
signal and entering into the desired state required by the number of pulses
transmitted. A request for the same or a new state shall occur no sooner than one
second after the beginning of the preceding stop interval. On receipt of a valid signal,
the NT shall transition from one state to the requested state within 500 msec.

The pulse detector in the NT shall be implemented so that alias does not occur for
pulse rates up to 64 pulses per second.

2.2.1.7.5.,5 DC Signaling Format

The DC signal shall begin with a steady current flow with pulses sent as breaks in the
current. These pulses shall:

» Be applied to the NT by test equipment in the network at a pulse speed of 4 to 8
pps

* Have a 40- to 60-percent break
» Have source voltage of 43.5 to 56 volts

» Have source resistance of 200 to 4,000 ohms (includes test system, test trunk,
loop, and margin resistance).

2.2.1.75.6 Low Frequency AC Signaling Format

The AC signal shall consist of 6, 8, or 10 half cycles of a 2 to 3 Hz sine wave. Each
half cycle of the sine wave is equivalent to one pulse described in "DC Signaling
Format," Section 2.2.1.7.5.5. This sine wave shall:

e Be applied to the NT by test equipment in the network at a frequency between 2
and 3 Hz

» Have peak voltage between 60 and 62 volts

* Have a source resistance between 900 and 4,500 ohms (includes AC source, test
system, test trunk, loop, and margin resistance).
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2.2.2 ELECTRICAL CHARACTERISTICS
2.2.2.1 Impedance and Return Loss

The nominal driving point impedance at the interface looking toward the NT shall be
135 ohms. The return loss with respect to 135 ohms, over a frequency band from 1
kHz to 200 kHz, shall be as shown in Figure 2.2.2-1.
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Figure 2.2.2-1 — Minimum Return Loss

2.2.2.2 Longitudinal Output Voltage

The NT shall present to the interface a longitudinal component whose rms voltage, in
any 4-kHz bandwidth averaged in any 1-second period, is less than —50 dBV over the
frequency range 100 Hz to 170 kHz, and less than —80 dBV over the range from 170
kHz to 270 kHz. Compliance with this limitation is required with a longitudinal
termination having an impedance equal to or greater than a 100-ohm resistor in series
with a 0.15-uF capacitor.

Figure 2.2.2-2 defines a measurement method for longitudinal output voltage. For
direct use of this test configuration, the NT should be able to generate a signal in the
absence of a signal from the network.
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The ground reference for these measurements shall be the building or green-wire
ground of the NT.

67.5* Q

NT

67.5%Q — LT

Spectrum
/ Analyzer

100 Q

/77

* These resistors to be matched to better than 0.1% tolerance.

Figure 2.2.2-2 — Measurement Method for Longitudinal Output Voltage
2.2.2.3 Longitudinal Balance

The longitudinal balance (impedance to ground) is given in the following equation.

Exhibit 2.2.2-1 — Longitudinal Balance

Ue U
LBak20log 0B
0em

where

§ = the applied logitudinal voltage (referenced to the building or green-wire ground of the NT)

&1, = the resultant metallic voltage appearing across a 135-ohm termination

The balance shall be > 20 dB at frequencies up to 5 Hz. The minimum requirement
increases above 5 Hz at 20 dB per decade to 55 dB at 281.2 Hz. The balance shall be >
55 dB between 281.2 Hz and 40 kHz. Above 40 kHz, the minimum requirement
decreases at 20 dB per decade. See Figure 2.2.2-3.

Note: Longitudinal balance requirements given here apply to the NT. Longitudinal
balance requirements for the network side are beyond the scope of this section.
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Figure 2.2.2-4 defines a measurement method for longitudinal balance. For direct use
of this test configuration, measurement should be performed with the NT powered up
but inactive, driving zero volts.
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Figure 2.2.2-3 — Minimum Longitudinal Balance Requirement

67.5* Q
. N Q«)
67.5* Q
Longitudinal
[S] T Signal
Generator

Measuring set
(well balanced)

* These resistors to be matched to better than 0.03 percent tolerance
Figure 2.2.2-4 — Measurement Method for Longitudinal Balance
2.2.2.4 itter

In this section, jitter is specified in terms of unit intervals (Ul) of the nominal 80
kbaud signal (12.5 psec).
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2.2.2.4.1 NT Input Signal Jitter Tolerance

The NT shall meet the performance objectives specified in "Performance Test
Requirement,” Section 2.2.1.6.4.2, with wander/jitter at the maximum magnitude
indicated in Figure 2.2.2-5, for single jitter frequencies in the range of 0.1 Hz to 20
kHz, superimposed on the test signal source with the received signal baud rate in the
range of 80 kbauds 5 ppm. The NT shall also meet the performance objectives with
wander per day of up to 1.44 Ul peak-to-peak where the maximum rate of change of
phase is 0.06 Ul/hour.

P 10 -
e > Note: Unit Interval (Ul) = 12.51sec.
a
K 0.30
t |
o | 20 dB/decade
P 0.1 - |
e l
a I
k 1
J 1
[ 001} 0008 N
t | l
e l 1
' | |
(Un | |
0.001 | L L L o

0.1 05 1 5 10 19 50 100 20000
Jitter Frequency (Hz)

Figure 2.2.2-5 — Range of Permissible Sinusoidal Jitter, Signal Originating from
Network

2.2.2.4.2 NT Output Jitter Limitations

With the wander/jitter as specified in "NT Input Signal Jitter Tolerance," Section
2.2.2.4.1, except as noted, superimposed on the NT input signal, the jitter on the
transmitted signal of the NT toward the network shall conform to the following, with
the received signal baud rate in the range of 80 kbaud 5 ppm, as described in "Baud
Rate, Timing, and Synchronization," Section 2.2.1.7.1.

a. The jitter shall be equal to or less than 0.04 Ul peak-to-peak and less than 0.01
Ul rms when measured with a high-pass filter having a 6-dB/octave roll-off
below 80 Hz.

b. The jitter in the phase of the output signal (the signal transmitted toward the
network) relative to the phase of the input signal (from the network) shall not
exceed 0.05 Ul peak-to-peak and 0.015 Ul rms when measured with a band-pass
filter having 6-dB/octave roll-offs above 40 Hz and below 1.0 Hz. (Note that the
1.0 Hz cut-off assures that the average difference in the phase of the input and
output signals is subtracted.) This requirement applies with superimposed jitter
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in the phase of the input signal as specified in "NT Input Signal Jitter
Tolerance," Section 2.2.2.4.1, for single frequencies up to 19 Hz.

c. The maximum (peak) departure of the phase of the output signal from its
nominal difference (long-term average) from the phase of the input signal (from
the network) shall not exceed 0.1 Ul. This requirement applies during normal
operation including following a "warm start." (Note that this means that, if
deactivated and subsequently activated in conformance with the "warm start"
requirements, the long-term average difference in phase of the output signal
from the phase of the input signal shall be essentially unchanged.)

2.2.2.5 DC Characteristics
2.2.2.5.1 Sealing Current

Sealing current shall be provided by the network. The NT shall meet the requirements
of this specification for currents of 0 mA and in the range of 1 mA to 20 mA and where
the maximum rate of change of the current is no more that 20 mA per second (see
"Metallic Termination," Section 2.2.2.5.2).

2.2.2.5.2 Metallic Termination
2.2.2.5.2.1 Overview of Metallic Termination at the NT

Table 2.2.2-1 and Figure 2.2.2-6 give characteristics that apply to the DC metallic
termination at the NT.

The metallic termination provides a direct current path from tip to ring at the NT,
providing a path for sealing current. By exercising the nonlinear functions of the
metallic termination, a network-side test system may identify the presence of a
conforming NT on the customer side of the interface. The characteristics of the
metallic termination shall not be affected by whether the NT is powered in any state,
or unpowered.
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Table 2.2.2-1 — Characteristics of DC Metallic Termination at the NT

TYPE OF OPERATION

VALUES

Current in the ON state and at 15 V

DC voltage drop (when ON) at —20 mA
current

DC current with the application of 90 V
through 4000 ohms for up to 2 seconds

DC leakage current (when OFF) at 20 V
Activate/Nonactivate voltage

Activate (breakover) current at Vy
Activate time for voltage = V
Hold/Release current

Release/Nonrelease time for current < I g
Maximum voltages and currents
Supporting information

Normally OFF DC termination. Turned
ON by application of metallic voltage.
Held ON by loop current flow. Turned
OFF by cessation of loop current flow.

=20 mA
<15V

min 9 mA, see ? and Figure 2.2.2-6

<5 HA

30.0 VDC <sVuy<39.0VDC
1.0 mA

3 msec to 50 msec

0.1 mMA<Ilyjr<1.0mA

3 msec to 100 msec

See Section 2.2.3.4

See Section 2.2.4.2

Note(s):

operation.

a. This requirement is intended to ensure a termination consistent with test system

There are two operational states of the DC metallic termination:

1. ON (conductive) state

2.  OFF (nonconductive) state.
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E =90 - 200 .IL
(90 V, 200 Q source, 0 Q loop)

(54 V, 9 mA)

| | |
\ \
vV 40V 50V 60V 70V 80V 90V

(VOLTAGE E)
DC CHARACTERISTICS (EITHER POLARITY)

PARAMETER MEANING LIMIT CONDITION MEANING

Ik Leakage Current Ik < 5pA V15T =20V Test Voltage

VAN Activate/Non-Activate Voltage 30V < Van <39V

IO Break Over Current Igo < 1.0mA

I Hold/Release Current 0.ImA < Iyr < 1.0mA

VoN ON Voltage Von < 15V ITsT = 20mA Test Current
ILmin Minimum ON Current 9IMmA 54V

Figure 2.2.2-6 — lllustration of DC Characteristics of the NT1 (Bilateral Switch and
Holding Current)

2.2.2.5.2.2 ON State

The application of a voltage across the metallic termination greater than the
activate/nonactivate voltage, V,y, for a duration greater than the activate time shall
cause the termination to transition to the ON state. The activate/nonactivate voltage
shall be in the range of 30.0 to 39.0 volts. The activate time shall be in the range of
3.0 to 50.0 msec. If a change of state is to occur, the transition shall be completed
within 50 msec from the time in which the applied voltage across the termination first
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exceeds V. Application of a voltage greater than V,y for a duration less than 3.0 ms
shall not cause the termination to transition to the ON state. See Table 2.2.2-1 and
Figure 2.2.2-6.

While in the ON state, when the voltage across the termination is 15 volts, the
current shall be greater than or equal to 20 mA. The metallic termination shall
remain in the ON state as long as the current is greater than the threshold I (see
Table 2.2.2-1 and Figure 2.2.2-6), whose value shall be in the range of 0.1 to 1.0 mA.
Application of 90.0 volts through 200 to 4000 ohms (for a maximum duration of 2
seconds) shall result in a current greater than 9.0 mA.

2.2.2.5.2.3 OFF State

The metallic termination shall transition to the OFF state if the current falls below
the threshold Iz, whose value shall be in the range of 0.1 to 1.0 mA for a duration
greater than the "guaranteed release" time (100 msec) (see Table 2.2.2-1 and Figure
2.2.2-6). If a change of state is to occur, the transition shall be completed within 100
ms from the time in which the current first falls below I . If the current falls below
Ir for a duration less than 3.0 msec, the termination shall not transition to the OFF
state.

While in the OFF state, the current shall be less than 5.0 A whenever the voltage is
less than 20.0 volts. The current shall not exceed 1.0 mA while the voltage across the
termination remains less than the activate voltage.

Descriptive material can be found in Table 2.2.2-1, Figure 2.2.2-6, and "Supporting
Information Relating to DC Metallic Termination," Section 2.2.4.2.

2.2.2.5.2.4 NT Capacitance

While the metallic termination is OFF, the tip-to-ring capacitance of the NT when
measured at a frequency of less than 100 Hz shall be 1.0 pF+ 10 percent.

2.2.2.5.2.,5 Behavior of the NT during Metallic Testing
During metallic testing, the NT shall behave as follows:

1. When a test voltage of up to 90 volts® is applied across the loop under test, the
NT shall present its DC metallic termination as defined in "Metallic
Termination," Section 2.2.2.5.2, Table 2.2.2-1, and Figure 2.2.2-6, and not trigger
any protective device that will mask this signature. The series resistance (Test
system + Test Trunk + Loop + Margin) can be from 200 to 4000 ohms (balanced
between the two conductors).

2. The NT may optionally limit current in excess of 25 mA (20-mA maximum
sealing current + 5-mA implementation margin).

2.2.2.5.3 NT Network-Side Resistance to Ground

The DC resistance between the NT tip conductor and earth ground and between the
NT ring conductor and earth ground shall be greater than 5 megohms for all DC
voltages up to and including 100 volts.

1. One test system in common use today applies to 70-volt DC plus 10-volt rms AC (84.4 volt peak) to one
conductor of the loop while grounding the other conductor. The addition of a 5.8-volt margin yields the
90-volt requirement.
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2.2.3 MAINTENANCE AND MEASUREMENTS
2.2.3.1 M-Channel Bit Functions

The M-channel bit functions specified in "Error Monitoring Function," Section
2.2.3.1.1, are based on the bit allocation for the DSL superframe defined in Figures
2.2.1-13 and 2.2.1-14.

2.2.3.1.1 Error Monitoring Function
2.2.3.1.1.1 Cyclic Redundancy Check (crc)

Twelve bits per superframe (1 kbps) shall be allocated to the cyclic redundancy check
(crc) function. The crc bits are the Mg and Mg bits in frames 3 through 8 of the
superframe (see Figures 2.2.1-13 and 2.2.1-14). The crc is an error detection code that
shall be generated from the appropriate bits in the superframe and inserted into the
bit stream by the transmitter. At the receiver, a crc calculated from the same bits shall
be compared with the crc value transmitted in the bit stream. If the two crcs differ,
there has been at least one error in the covered bits in the superframe.

2.2.3.1.1.2 crc Algorithms

The Cyclic Redundancy Check (crc) code shall be computed using the polynomial
shown in Equation 2.2.3-1.

Exhibit 2.2.3-1 — Cyclic Redundancy Check Polynomial

Px)=x®POx®0Ox3*0x%20x01
where 0 = modulo 2 summation.

One method of generating the crc code for a given superframe is illustrated in Figure
2.2.3-1. At the beginning of a superframe all register cells are cleared. The superframe
bits to be crc'd are then clocked into the generator from the left. During bits that are
not covered by the crc (SW, ISW, My, M, , M3, M5 , Mg ) the state of the crc generator
is frozen and no change in state of any of the stages takes place. After the last
superframe bit to be crc'd is clocked into REGISTER CELL 1, the twelve register cells
contain the crc code of the next superframe. Between this point and the beginning of
the next superframe, the register cell contents are stored for transmission in the crc
field of the next superframe. Notice that superframe bit CRC1 resides in REGISTER
CELL 12, CRC2 in REGISTER CELL 11, and so forth.

l regist.
cell3
BEGIN. OF SUPERFRAME

END OF SUPERFRAME

L‘ L‘ L‘ L LVLVL LWLVLVLV Ly
latch latch latch latch latch latch latch latch latch latch latch latch

DATA regist. regist. regist. regist. regist. regist. regist. regist. regist. regist. regist.
INPUT cell1 cell 2 cell 4 cell 5 cell 6 cell 7 cell 8 cell 9 cell 10 [ cell 11 cell 12
clear clear clear clear clear clear clear clear clear clear clear clear

enable enable enable enable| |enable| |enable| |enable| |enable| |enable| |enable| |enable enable
CRC 12 CRC11 CRC 10 CRC9 CRCS8 CRC7 CRC6 CRC5 CRC4 CRC3 CRC2 CRC1

Figure 2.2.3-1 — CRC-12 Generator

Other viable methods for generating the crc bits exist. In the case that a method other
than the one presented is used, the CRC1 shall correspond to the most significant bit
of the crc remainder, the CRC2 to the next most significant bit, and so forth. The block
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diagram presented is intended to clarify the definition of the crc superframe bits.
Other implementations are possible.

Note: The binary ONEs and ZEROs from the S/T interface, and corresponding bits
from the network, must be treated as binary ONEs and ZEROs, respectively, for the
computation of the crc.

2.2.3.1.1.3 Bits Covered by the crc

The crc bits shall be calculated from the bits in the D-channel, both B-channels, and
the M, bits (see Figure 2.2.1-4).

2.2.3.1.2 Overhead Bit Functions

A number of transceiver operations and maintenance functions are handled by M,, Ms,
and Mg bits in the superframe. These bits are defined in the following sections. To
reflect a change in status, a new value for M, bits shall be repeated in at least three
consecutive transmitted superframes.

2.2.3.1.2.1 Far-End Block Error (febe) Bit

The Far End Block Error (febe) bits are the M, bits in the second basic frame of
superframes transmitted by either transceiver (see Figures 2.2.1-13 and 2.2.1-14). As
crc errors are detected at the receiver, a febe bit shall be generated. The febe bit shall
be set to binary ONE (1) if there are no errors in the superframe and to binary ZERO
(0) if the superframe contains an error. The febe bit shall be placed in the next
available outgoing superframe and transmitted back to the originator. The febe bits in
each direction of transmission may be monitored to determine the performance of the
far-end receiver.

2.2.3.1.2.2 The act Bit

The start-up (act) bit is the M, bit in the first basic frame of superframes transmitted
by either transceiver (see Figures 2.2.1-13 and 2.2.1-14 and "Frame Structure,"
Section 2.2.1.7.2). The act bit is set to binary ONE (1) as a part of the start-up
sequence to communicate readiness for Layer 2 communication (see "Progress
Indicators," Section 2.2.1.7.4.7.4).

2.2.3.1.2.3 The dea Bit

The turn-off (dea) bit is the M, bit in the second basic frame of superframes
transmitted by the network (see Figure 2.2.1-13 and "Frame Structure,” Section
2.2.1.7.2). The dea bit is set to binary ZERO (0) by the network to communicate to the
NT its intention to turn off (see "Turn-Off Procedure," Section 2.2.1.7.4.7.5).

2.2.3.1.2.4 NT Power Status (ps) Bits

The power status (ps; and ps,) bits are the M, bits in the second and third basic
frames of superframes transmitted by the NT (see Figure 2.2.1-14). The power status
bits shall be used to indicate NT power status. Table 2.2.3-1 shows the power status
bit assignments and the corresponding messages and definitions.
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Table 2.2.3-1 — Power Status Bit Assignments and Messages

NT STATUS ps, ps, BINARY DEFINITION
VALUES
All Power Normal 11 Primary and secondary power
supplies are both normal.
Secondary Power Out 10 Primary power is normal, but the

secondary power is marginal,
unavailable, or not provided.

Primary Power Out 01 Primary power is marginal or
unavailable, secondary power is
normal.

Dying Gasp 00 Both primary and secondary

power are marginal or
unavailable. The NT may shortly
cease normal operation.

These bits are set and held constant until the power status of the NT changes. It is
expected that primary power will be provided by the normal AC mains. Secondary
power (if provided) would normally be provided through a backup battery at the
customer location.

The NT shall have sufficient energy storage to transmit the dying gasp indication for
a minimum of three superframes.

2.2.3.1.2.5 NT Test Mode (ntm) Indicator Bit

The NT test mode indicator (ntm) bit is the M, bit in the fourth basic frame of
superframes transmitted by the NT (see Figure 2.2.1-14). The ntm bit shall be used to
indicate that the NT is in a customer-initiated test mode. The NT is considered to be
in a test mode when the D-channel or either one of the B-channels is involved in a
customer locally-initiated maintenance action. While in test mode, the NT may be
unavailable for service or the NT may be unable to perform actions requested by eoc
messages. The bit shall be a binary ONE (1) to indicate normal operation and binary
ZERO (0) to indicate test mode. When indicating test mode [binary ZERO (0)], this bit
is held constant until the test mode status of the NT changes. The return to binary
ONE (ntm = 1) indicates the return of normal mode.

2.2.3.1.2.6 Cold-Start-Only (cso) Bit

The cso bit is the M, bit in the fifth basic frame of the superframe transmitted by an
NT (see Figure 2.2.1-14). It shall be used to indicate the start-up capabilities of the
NT transceiver. If the NT has a cold-start-only transceiver, as defined in "Definitions,"
Section 2.2.1.7.4.2, this bit is set to binary ONE (1). Otherwise, this bit shall be set to
binary ZERO (0) in SN3.

2.2.3.1.2.7 U-Interface-Only-Activation (uoa) Bit

The uoa bit is the M, bit in the seventh basic frame of superframes transmitted by the
network (see Figure 2.2.1-13). It shall be used to request the NT to activate or
deactivate the S/T interface (if present). If the S/T interface is to be activated, this bit
shall be set to binary ONE (1). Otherwise, this bit shall be set to binary ZERO (0).
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2.2.3.1.2.8 S/T-Interface-Activity-Indicator (sai) Bit

The sai bit is the M, bit in the seventh basic frame of superframes transmitted by an
NT (see Figure 2.2.1-14). It shall be used to indicate to the network when there is
activity at the S/T reference point. If there is activity (INFO 1 or INFO 3) at the S/IT
reference point, this bit shall be set to binary ONE (1). Otherwise, this bit shall be set
to binary ZERO (0).

2.2.3.1.2.9 Alarm Indication Bit (aib)

The aib bit is the M, bit in the eighth basic frame of superframes transmitted toward
the NT (see Figure 2.2.1-13). When the transmission path for the D-, B;-, and B,-
channels has been established all the way to the local exchange (see Figure 2.2.1-2), a
binary ONE (aib = 1) shall be forwarded to the NT. Failure or interruption of an
intermediate transmission system that transports the D-, B;-, or B,- channels shall
result in forwarding binary ZERO (aib = 0) to the NT. Such failures may include loss
of signal, loss of frame synchronization (carrier link or basic access DSL), and
transmission terminal failure. Intermediate transmission interruptions may include
loopbacks at intermediate points or the absence of provisioning of an intermediate
transmission system.

2.2.3.1.2.10 Network Indicator Bit for Network Use

The M, bit in the eighth basic frame of superframes transmitted toward the network
is reserved for network use. The NT shall always set this bit to binary ONE (1)
toward the network.

2.2.3.1.2.11 Reserved Bits

All bits in My, M5, and Mg not otherwise assigned are reserved for future specification.
Reserved bits shall be set to binary ONE (1) before scrambling.

2.2.3.1.3 Embedded Operations Channel (eoc) Functions

Twenty-four bits per superframe (2 kbps) are allocated to an embedded operations
channel (eoc) that supports operations communications needs between the network
and the NT.

2.2.3.1.3.1 eoc Frame
The eoc frame shall be composed of 12 bits synchronized to the superframe:

# of Bits 3 1 8
Function | Address | Data/Msg | Info
Provided | Field | Indicator |Field

The three-bit Address Field may be used to address up to seven locations. Only the
specification of addresses of messages for the NT are within the scope of this section.
However, addresses of intermediate network elements are discussed in "Discussion of
eoc Addressing," Section 2.2.4.1.

The Data/Message Indicator bit shall be set to binary ONE (1) to indicate that the
Information Field contains an operations message; it shall be set to binary ZERO (0)
to indicate that the Information Field contains numerical data. Up to 256 messages
may be encoded in the Information Field.

1. At the present time there is no numerical data transfer required from or to the NT. Such data transfer
is anticipated for only internal network applications.
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Exactly two eoc frames shall be transmitted per superframe consisting of all M, M,,
and M; bits (see Figures 2.2.1-13 and 2.2.1-14).

2.2.3.1.3.2 Mode of Operation

The eoc protocol operates in a repetitive command/response mode. Three identical
properly-addressed consecutive messages shall be received before an action is
initiated. Only one message, under the control of the network, shall be outstanding
(not yet acknowledged) on a complete Basic Access eoc at any one time.

The network shall continuously send an appropriately addressed message. In order to
cause the desired action in the addressed element, the network shall continue to send
the message until it receives three identical consecutive eoc frames from the addressed
device that agree with the transmitted eoc frame. When the network is trying to
activate an eoc function, autonomous messages from the NT will interfere with
confirmation of receipt of a valid eoc message. The sending by the NT and receipt by
the network of three identical consecutive properly addressed Unable-to-Comply
messages constitutes notification to the network that the NT does not support the
requested function, at which time the network may abandon its attempt.?

The addressed element shall initiate action when, and only when, three identical,
consecutive, and properly addressed eoc frames, which contain a message recognized
by the addressed element, have been received. [Any reply or echoed eoc frame shall be
in the next available returning eoc frame, which allows a limited processing time of
approximately 2.25 msec (see Figure 2.2.1-15). The NT shall respond to all received
messages. The response shall be an echo of the received eoc frame toward the network
with the following three exceptions.

1. If the NT does not recognize the message (Data/Message bit = 1) in a properly
addressed eoc frame, rather than echo, on the third and all subsequent receipts
of that same correctly addressed eoc frame, it shall return the Unable-to-Comply
message in the next available eoc frame.

2. If the NT receives eoc frames with addresses other than its own address (000),
or the broadcast address (111), it shall, in the next available eoc frame, return
an eoc frame toward the network containing the Hold State message with its
own address (the NT address, 000).

3. If an NT not implementing eoc data transfer functions receives a data byte
(Data/Message bit = 0) in a properly addressed eoc frame, rather than echo, on
the third and all subsequent receipts of that same correctly addressed eoc frame,
it shall return the Unable-to-Comply.®> message in the next available eoc frame.

The protocol specification has made no provision for autonomous messages from the
NT.

All actions to be initiated at the NT shall be latching, permitting multiple eoc-initiated
actions to be in effect simultaneously. A separate message shall be transmitted by the
network to unlatch.

2. Failure by the network side to abandon the request for the unsupported function may interfere with
further use of the eoc (for example, by contending operating systems within the network). The network
has the responsibility to keep the eoc free for such use by timely substitution of "Hold State,” "Return to
Normal,” or an alternate request after validation of the "Unable to Comply" response.

3. The requirement for an Unable-to-Comply response to a data byte addressed to an NT that does not
implement a data reception feature applies to all implementations of eoc capabilities.
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2.2.3.1.3.3 Addressing

An NT shall recognize either of two addresses, an NT address (000) and a broadcast
address (111) to all nodes. An NT shall use the address 000 in sending the
Unable-to-Comply message.

2.2.3.1.3.4 Definition of Required eoc Functions
The following are definitions of the required eoc functions:

a. Operate 2B+D Loopback:* This function directs the NT to loopback the
user-data (2B+D) bit stream toward the network.® This loopback may be
transparent or nontransparent® but in either case will continue to provide
sufficient signal to allow the TE to maintain synchronization to the NT.

b. Operate B;-Channel (or B,-Channel) Loopback: ” This function directs the
NT to loopback an individual B channel toward the network.? The individual
B-channel loopback can provide per-channel maintenance capabilities without
totally disrupting service to the customer. This loopback is transparent.®

c. Return to Normal: The purpose of this message is to release all outstanding
eoc-controlled operations and to reset the eoc processor to its initial state.

d. Unable-to-Comply Acknowledgement: This will be the confirmation that the
NT has validated the receipt of an eoc message, but that the eoc message is not
in the menu of the NT.

e. Request Corrupt crc: This message requests the sending of corrupt crcs toward
the network, until canceled with Return to Normal

f.  Notify of Corrupted crc: This message notifies the NT that intentionally
corrupted crcs will be sent from the network until cancellation is indicated by
Return to Normal.

g. Hold State: This message is sent by the network to maintain the NT eoc
processor and any active eoc-controlled operations in their present state. This
message may also be sent by the NT toward the network to indicate that the NT
has received an eoc frame with an address other than its own (000 or 111).

2.2.3.1.3.5 Codes for Required eoc Functions

Table 2.2.3-2 shows the codes for each of the eoc functions defined in "Definition of
Required eoc Functions," Section 2.2.3.1.3.4.

4. Loopbacks may be performed after point T7 in the start-up sequence. The establishment of loopbacks is
independent of the state of the act bit. Note, however, that the act bit from the NT must continue to
reflect readiness to communicate at Layer 2 (presence of INFO 3) during B1- and B»- channel loopbacks.

5. This requirement is consistent with requirements found in ITU-TS Recommendation 1.603.

6. "Transparent” is the ITU-TS term to indicate that the bits toward the loop are passed onward as well as
looped back.

7. Loopbacks may be performed after point T7 in the start-up sequence. The establishment of loopbacks is
independent of the state of the act bit. Note, however, that the act bit from the NT must continue to
reflect readiness to communicate at Layer 2 (presence of INFO 3) during B1- and By- channel loopbacks.

8. This requirement is consistent with requirements found in ITU-TS Recommendation 1.603.

9. "Transparent" is the ITU-TS term to indicate that the bits toward the loop are passed onward as well as
looped back.
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Table 2.2.3-2 — Messages Required for Command/Response eoc Mode

MESSAGE MSG CODE? | ORIGIN (0) & DEST. (d)
NETWORK NT

Operate 2B+D Loopback 0101 0000 0 d

Operate B;-Channel Loopback 0101 0001 0 d

Operate B,-Channel Loopback 0101 0010 0 d

Request Corrupted crc 0101 0011 0 d

Notify of Corrupted crc 0101 0100 0 d

Return to Normal 1111 1111 0 d

Hold State 0000 0000 d/o o/d

Unable-to-Comply Acknowledgment ° 1010 1010 d 0

Note(s):

a. The leftmost bit of the Message Code is eoc;; in Figures 2.2.1-13 and 2.2.1-14. It is
also the most significant bit, and it is transmitted and received before the other
seven bits of the Message code.

b. Affirmative Acknowledgment Implicit in eoc Protocol.

Sixty-four eoc message codes have been reserved for nonstandard applications®® in the
following four blocks of 16 codes each (x is 1 or 0): 0100 xxxx, 0011 xxxx, 0010 XxXX,
0001 xxxx. Another 64 eoc message codes have been reserved for internal network
use™ in the following four blocks of 16 codes each (x is 1 or 0): 0110 xxxx, 0111 XXxX,
1000 xxxx, 1001 xxxx. All remaining codes not defined in Table 2.2.3-2 and not
reserved for nonstandard applications or for internal network use are reserved for
future standardization. Thus, 120 codes associated with the NT (000) and broadcast
(111) addresses, are available for future specification (that is, 256 total codes minus 8
defined codes from the table minus 64 codes for nonstandard applications minus 64
codes for internal network use).

When no functions are latched, and the network has no other messages to send, the
network may send either the Hold State message or the Return to Normal message
without changing the state of the NT. When one or more functions are latched, and
the network has no other messages to send, the network shall send the Hold State
message to keep the function(s) latched. However, the network may continue to send
the message for one of the latched functions for some period during which the function
is latched, with no change in NT state. The network shall send the Return to Normal
message to unlatch any previously latched function(s). When the functions are
unlatched, the network shall send the Hold State message, or continue to send the
Return to Normal message until there is a need to send some other message.

The following list categorizes the M-channel eoc messages according to corresponding
operations:

10. The reservation of codes for nonstandard applications does not in any way endorse their use. Any use of
such messages shall not interfere with the eoc protocol. A transceiver that supports messages for
nonstandard applications shall operate properly for standard functions with other transceivers that
meet the requirements.

11. The reservation of codes for internal network applications does not in any way endorse their use. Any
use of such messages shall not interfere with the eoc protocol. An NT is not expected to recognize these
codes and should respond as discussed in "Mode of Operation," Section 2.2.3.1.3.2.
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Hold State Unable to Comply

Hold State

2.2.3.2 Environmental Conditions
2.2.3.2.1 Protection

Material referring to protection may be found in "Overvoltage, Surge Protection, and
EMC," Section 2.2.3.4.

2.2.3.2.2 Electromagnetic Compatibility

Material referring to electromagnetic compatibility may be found in "Overvoltage,
Surge Protection, and EMC," Section 2.2.3.4.

2.2.3.3 Test Loops and Performance Measurements
This section is not part of the specification — for information only.

2.2.3.3.1 Notes on the Class of Test Loops
This section is not part of the specification — for information only.

For the purpose of this section, the telephone loop plant is defined as a set of 16 loops,
1 being a null (zero length) loop, with crosstalk and other impairments as specified in
"Received Line Signal Characteristics," Section 2.2.1.6.4. The makeups of the 15
nonnull loops are presented in Figures 2.2.3-3, 2.2.3-4, and 2.2.3-5.

The characteristics of the loops in Figures 2.2.3-3, 2.2.3-4, and 2.2.3-5 are precisely
defined over a broad frequency range by means of the primary constants listed in the
tables in "Primary Constants of Typical Telephone Cable,” Section 2.2.4.3. The tables
give values of resistance per mile (R), inductance per mile (L), conductance per mile
(G), and capacitance per mile (C) based on a commonly used model of polyethylene
insulated cable (PIC) at approximately room temperature (70° F). Obviously, actual
cable deviates from the precise model, depending on such factors as temperature,
insulation type, manufacturer, and detailed manufacturing conditions. Further
information on the characteristics of cable is given in "Primary Constants of Typical
Telephone Cable," Section 2.2.4.3.

The cable makeups of 15 loops to be used in the measurement of BER were chosen
with the help of loop configurations from a survey of customer loops taken in 1983.
However, the actual loop makeups, as found in the survey, have been somewhat
simplified to make it easier to simulate these loops in a laboratory. Thus, the sections
of different gauge are relatively long, and in multiples of a convenient length in
kilofeet. The units, Kilofeet and gauge, are used to conform to records for most existing
North American telephone plants. Further information about the characteristics of the
test loops is found in "Primary Constants of Typical Telephone Cable," Section 2.2.4.3.
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2.2.3.3.2 Notes on Test Procedure for Measuring BER

The filter needed to simulate the crosstalk interference from 49 disturbers can be
conceptually divided into three sections: one that is shaped like the power spectral
density (PSD) of an assumed interferer; one representing a model for near-end
crosstalk (NEXT) characteristics for 49 disturbers; and one that bandlimits the
simulated crosstalk at four times the baud rate of the 2B1Q system (320 kHz). The
design of the filter is not considered here. Requirements to assure sufficient accuracy
of the resulting simulated NEXT are given in the main text of this section.

Figure 2.2.3-2 shows the PSD of the assumed interferers, the basis of the first
conceptual section, and is also expressed as P in the following equation.

Exhibit 2.2.3-2 — Single—Sided PSD Equation

[sn(f12 [sin( 1
P=Kx X + K % X
fo 2 2f0 Tl'f 2
(—) (W)
where:

f =frequency in Hz

fo =80,000 Hz

K =5/9xV 2R

Vp = 2.33 \olts

R =135 0Ohms.

The equation and the figure are single-sided PSDs, meaning that the integral of P,
with respect to f, from 0 to infinity, gives the power in Watts.

The first term in the equation for P is half of the PSD of an 80-kbaud 2B1Q signal
with random equiprobable levels, full-baud square-topped pulses and no filtering (10.5
dBm). The second term is the PSD of a similar signal of twice the baud rate (13.5
dBm).

To complete our understanding of the assumed interferer, consider P, , also given in
Figure 2.2.3-3 and in the following equation.
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Exhibit 2.2.3-3 — Full PSD Equation

[sin( 1))
0]

N e 2
(+-)
o]
where:
f =frequency in Hz
fo =80,000 Hz
K =59 x V2R
Vp = 2.33 \olts
R =135 0Ohms.

The P, is the full PSD of an 80-kbaud 2B1Q signal with random equiprobable levels,
full-baud square-topped pulses, and no filtering (13.5 dBm). P, has the property that it
is essentially identical to the PSD of most 2B1Q systems at frequencies below 50 kHz,
but because there is no pulse shaping (filtering) it is greater than the PSD of most
2B1Q systems at frequencies above 50 kHz, and in fact it violates the upper bound for
PSD (Figure 2.2.1-9).

At frequencies below 50 kHZ, P is nearly identical to P; but the second term causes
the null in P, at 80 kHz to be filled in. Selection of P to represent the interferers is a
deliberate attempt to force designers to sharply reduce the sensitivity of their
receivers to interference components above 50 kHz. Because P has essentially the
same value below 50 kHz as a transceiver meeting the Specification, the margin
should be the same as is achieved using the transceiver’'s own PSD as the basis for
producing simulated crosstalk, as long as the receiver is properly filtered.

The second conceptual section, the simplified NEXT model, is a transfer function with
loss decreasing at 15 dB per decade of frequency and having 57-dB loss at 80 kHz.

This transfer function results in the f %2 factor in Pyexr (See "Simulated Crosstalk,"
Section 2.2.1.6.4.4.1). This transfer function can not be realized as a separate filter
because it exhibits a singularity at infinity. The transfer function is an approximation
to the average NEXT loss for the worst 1 percent of pair combinations in a binder
group in the population of all binder groups.

The problem of a singularity at infinity is moot because the complete filter includes a
third conceptual section to bandlimit the simulated NEXT at four times the baud rate
(320 kHz).

The electronic components that produce the artificial NEXT must permit the Gaussian
signal to have unclipped peaks to at least six times its root mean squared value.

The NEXT source defined in "Simulated Crosstalk," Section 2.2.1.6.4.4.1, is used by
connecting it in parallel with the connection of the loop to the transceiver. See point |
in Figure 2.2.1-8.
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L oop 41 . 16500" . 15000
Pl 26 AWG 24 AWG
-1500'
24 AWG
LT
HTTTT1]
. ] 135001 3000,
Loop #2: 26 AWG 24 AWG
500"
24 AWGH o0
24 AWG
500' 10000 [1500'
24 AWGH 22 AWGH 24 AWGH
oo 43: 7500 6000 1500" 1000"
p#3: g 26 AWG 20AWG 24 AWG  22AWG  Ei
(AN [N NN
L oop 44 7500 4500' 20000 3000
P SR 26 AWG 24 AWG 22 AWG 26 AWG
(AN
1500"
26 AWG
LT
: 9000’ 6000’
Loop #5: sps 26 AWG 24 AWG Shee=
(AN [N NN

Note: 1) AWG means American Wire Gauge
2) Distances are in feet ('): 1000" =.3048 km

Figure 2.2.3-3 — Loops for Testing Received Signal Performance: #1 - #5
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500’ 500’
24 AWGH 24 AWG

Loop #6: . 0000 12000 1000’ =
p #6: SRmas 26 AWG 24 AWG 24AWG  Fe
LILLIT S
: 13500
Loop #7: e
1000’
24 AWG
Loop #8: - 9000 . looo 6000’
s 24 AWG 22 AWG 26 AWG
1500" 1500 1500
26 AWGH 26 AWG~ 26 AWG
NT
Loop #9: . 3000’ 6000’ 1500
P 26 AWG 26 AWG 26 AWG
~1000'
22 AWG
NT
Loop #10: 6000 30000 _  6000" _ 1500’ =
pris 26 AWG 22 AWG 24AWG - 22AWG . Eid
(NN

Note: 1) AWG means American Wire Gauge
2) Distances are in feet ('): 1000" =.3048 km

Figure 2.2.3-4 — Loops for Testing Received Signal Performance: #6 - #10
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- 1500"
26 AWG
LT
_ 12000’
Loop #11: 56 AWG
_ 1 7500’ _ 4500 15000 _ P
Loop #12: ELEns 26 AWG 24 AWG 26 AWG B
AN (AN
1500’ 1500’
26 AWGH 26 AWG
L oop #13: SIS 9000’ _ 2000 500’ 500 _
p#Le: SRR 26 AWG 2AAWG 24 AWG 24 AWG
[
500’
24 AWGH
1500’
26 AWG
1000’
24 AWGH ~1000
24 AWG NT
L oop #14: 30000 _ 2000 _ 7500’ 1500’ =
p#ls 26 AWG 22 AWG 24 AWG 2AAWG B
(AN
. 12000’
Loop #15: 56 AWG

Note: 1) AWG means American Wire Gauge
2) Distances are in feet (): 1000’ =.3048 km

Figure 2.2.3-5 — Loops for Testing Received Signal Performance: #11 - #15
2.2.3.4 OQvervoltage, Surge Protection, and EMC
This section is not part of the specification — for information only.

The purpose of this section of the interface specification is to present the electrical
characteristics of the ISDN Basic Access signals appearing at the network side of the
NT, and to describe the physical interface between the network and the NT. Such
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phenomena as lighting and overvoltages due to inductive interference or power crosses
lie beyond the scope of this section. However, these topics are discussed in other
readily-available documents as follows:

On the subjects of lightning and 60-Hz overvoltages:

e Technical Report TR-EOP-000001, Issue 2, "Lightning, Radio Frequency and 60 Hz
Disturbances at the Bell Operating Company Network Interface," Piscataway,
N.J.; Bellcore; 1987, June.

« ANSI*¥/IEEE C62.42-1986, "Guide for the Application of Gas Tube Arrester
Low-Voltage Surge-Protective Devices."

Both documents contain useful information on the application of surge arresters and
the loop electrical environment.

The following standards documents are also available:

« UL 1459, "Standard for Telephone Equipment,” Underwriters Laboratories, Inc.
This standard deals with safety considerations for telephone equipment.

* ANSI/EIA/TIA-571, "Environmental Considerations for Telephone Terminals." This
standard discusses the normal operating environment of telephone terminal
equipment, fire hazards, and protection.

The reader may also wish to consult the following:

e D. W. Bodle and P. A. Gresh, "Lightning Surges in Paired Telephone Cable
Facilities," Bell System Technical Journal, Vol. 40, (March 1961).

* P. A. Gresh, "Physical and Transmission Characteristics of Customer Loop Plant,"
Bell System Technical Journal, Vol. 48, (December, 1969).

* Donald N. Heirman, "Time Variations and Harmonic Content of Inductive
Interference in Urban/Suburban and Residential/Rural Telephone Plants," IEEE,
1976 Annals No. 512C0010.

e R. L. Carroll and P. S. Miller, "Loop Transients at the Customer Station," Bell
System Technical Journal, Vol. 59, No. 9, (November 1980).

* R. L. Carroll, "Loop Transient Measurements in Cleveland, South Carolina," Bell
System Technical Journal, Vol. 59, No. 9 (November 1980).

» "Measurement of Transients at the Subscriber Termination of a Telephone Loop,"
ITU-TS, COM V-No. 53 (November 1983).

* D. V. Batorsky and M. E. Burke, "1980 Bell System Noise Survey of the Loop
Plant,” AT&T Bell Laboratories Technical Journal, Vol. 63, No. 5 (May—June
1984).

e Hiroaki Koga and Tamio Motomitsu, "Lightning-Induced Surges in Paired
Telephone Subscriber Cable in Japan," IEEE Transactions on Electromagnetic
Compatibility, Vol. EMC-27, August 1985.

* Gord Clarke and Mike Coleman, "Study Sheds Light on Overvoltage Protection,"”
Telephony, November 24, 1986.

12. Registered trademark of American National Standard Institute.
13. Registered trademark of Underwriter Laboratories, Inc.
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The power emitted by the DSL is limited by the masks presented in Figures 2.2.1-7
and 2.2.1-9.

Notwithstanding any information contained or implied in these figures, it is assumed
that the DSL will comply with applicable FCC requirements on emission of
electromagnetic energy. These requirements may be found in the Title 47, Code of
Federal Regulations, Sections 15 and 68, and other FCC documents.

In the design of the NT, consideration should be given to the handling of the following
additional environmental conditions:

a. Maximum Continuous (Sealing Current) Voltage: The maximum DC voltage
that can be applied from a sealing current source is -72 volts (limited by safety
considerations).

b. Maximum Short-Term DC Test Voltages: Metallic testing systems can apply
voltages as high as +135 V. This voltage in combination with the -52 V office
battery could result in voltages as high as 190 volts across the NT. Source
impedances in this case could be as low as 200 ohms. Test voltages such as this
are applied for less than 1 sec with repeated applications occurring with no
greater than 25 percent duty cycle.

c. Maximum Accidental Ringing Voltages: Ringing voltages can be accidentally
applied to the NT. The largest ringing voltage that is applied to a loop from
present-day switching systems is 105 volts RMS, 20 Hz superimposed on -52 V
DC (-200.5 V peak) with a minimum source impedance of 200 ohms. Ringing
cadences typically have a 33 percent duty cycle over a 6-second period.

2.2.3.5 DSL Start-Up and Activation
This section is not part of the specification — for information only.

2.2.3.5.1 Overview of Start-up and Activation

The requirements for start-up of digital subscriber line transceivers at the interface on
the network side of the NT are given in "Start-Up and Control," Section 2.2.1.7.4. This
section covers both the case in which the transmission system remains active
essentially all the time as well as the optional case in which the transceivers are
turned-on only when needed for transmission. Total activation is a term used to
include both DSL start-up and activation of the S/T interface. Operation involving the
U-only activation feature [see "Superframes," Section 2.2.1.7.2.6,
"U-Interface-Only-Activation (uoa) Bit," Section 2.2.3.1.2.7, and
"S/T-Interface-Activity-Indicator (sai) Bit," Section 2.2.3.1.2.8] is also described. The
total-activation process is controlled from points away from the interface, and
therefore the context of the requirements given in "Start-Up and Control," Section
2.2.1.7.4, is much more than the interface requirements given there.

The purpose of this section is to discuss examples of how the start-up sequence
described in "Start-Up and Control,” Section 2.2.1.7.4, may relate to other activation
events away from the interface. It is not the intention of this section to specify
requirements on how the NT relates events at its two interfaces. For a complete
discussion of the activation requirements at the S and T reference points, see ANSI
T1.605-1991 and ITU-TS Recommendation 1.430.

Figure 2.2.3-6 shows the Layer 1 customer access, including the ISDN system, the LT,
the NT, and the TE. Signals that cross each boundary are listed below it, with arrows
indicating direction. For instance, the signals TL, SLO, SL1, SL2, and SL3, as
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discussed in "Start-Up and Control," Section 2.2.1.7.4, are shown going from the LT to
the NT. As indicated in Figure 2.2.3-6, ITU-TS Recommendation G.960 discusses
signals crossing all the boundaries. The signals crossing the NT-TE boundary are
discussed in greater detail in both ANSI T1.605-1991 and ITU-TS Recommendation
1.430. The signals on the interface between the NT and LT are discussed in greater
detail in the ITU-TS Recommendation G.961. Not all signals shown crossing the
"Boundary" between the ISDN system and the LT may actually cross that boundary.
For instance, either the status of DSL synchronization, or the presence of DSL signal
could be used entirely within the LT with only the primitives (Al, DI) indicating DSL
status to the ISDN system. Furthermore, the indication primitives or the status
indicators may simply be deliverable on request, as opposed to actively transmitted
across the boundary. This depends on the architecture of the ISDN system and on
where one draws the boundary between the LT and the rest of the ISDN system.

The purpose in detailing the activation process in this section is to understand the
context for the requirements found in "Start-Up and Control," Section 2.2.1.7.4.
Therefore, only those functions found in Figure 2.2.3-6 that relate to start-up or
turn-off will be discussed further.

Figures 2.2.3-7 and 2.2.3-8 illustrate the total activation process: Figure 2.2.3-7 when
initiated by the exchange, and Figure 2.2.3-8 when initiated by the terminal
equipment. The boxes in Figure 2.2.3-6 represent the start-up process; time moves
toward the right; events at the network end of the system are represented across the
bottom; and events at the TE end of the system are represented across the top.
Signals above the box are at the T-reference point. Signals below the box are inside
the exchange. Signals inside the box are at the network side of the NT.

Other forms of illustration are also given in Figures 2.2.3-9, 2.2.3-10, 2.2.3-11,
2.2.3-12, 2.2.3-13, 2.2.3-14, and 2.2.3-15. In Figures 2.2.3-9, 2.2.3-10, 2.2.3-11, 2.2.3-12,
2.2.3-13, 2.2.3-14, and 2.2.3-15., time moves down, and additional detail about signals
exchanged by the LT and NT is shown. Deactivation and DSL-only turn-on is also
illustrated.

The most complex form of illustration is found in the finite-state matrices, Tables
2.2.3-3, 2.2.3-5, 2.2.3-7, and 2.2.3-9. See "Discussion of eoc Addressing," Section 2.2.4.1,
and "Activation Finite State Matrices," Section 2.2.3.5.6.
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CCITT Rec. G.961
ANSI [ T1.601-1991
Section 2.2

NT

CCITT Rec. 1.430
ANSI [ T1.605-1991

Section 2.1
j

request primitives:
AR, UTR, DR

indication primitives
Al, UTI, DI, El, SAI

eoc source messages
and replies

network status:
layer 2 ready
2B+D path ready

DSL status:
NTM, NIB, CSO, PS,, PS,
Presence of DSL signal,
DSL synchronized

2B+D (14 kbls)

synchronization (12 kb/s):
SW and ISW

M, M, M, (2 kbrs):
€0Cc messages
and replies

M,, M, M, (2 kb/s):
crc, febe, act,
dea, uoa, aib

M,, M, M, (2 kb/s):
crc, febe, act, cso,
sai, ps, Pps,, ntm, nib

pulse-triggered
maintenance modes:
(6, 8, or 10 pulses)

start-up:
TL, SLO, SL1, SL2, SL3

start-up:
TN, SNO, SN1, SN2, SN3

sealing current:
(0.1 £20 mA)

echo-D channel (16 kb/s)

framing, balance, act,
multiframing,
multiframing bit,
(28 kb/s)

framing and balance
(47.2 kbls)

Q channel (0.8 kb/s)

S channel (4 kb/s)
SC1 and SC2

INFO 0O, INFO 1, INFO 3

INFO 0, INFO 2, INFO 4

Figure 2.2.3-6 — ISDN Basic Access Signals

2.2.3.5.2 Symbols, Abbreviations, and Notes

This section contains symbols, abbreviations, and notes for Figures 2.2.3-9, 2.2.3-10,
2.2.3-11, 2.2.3-12, 2.2.3-13, 2.2.3-14, and 2.2.3-15.

Symbols and Abbreviations
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— No change, no action
- - No change, no action

A Impossible or prohibited situation under normal circumstances
"Al Primitive - Activation Indication (Note 1)

"AR" Primitive - Activation Request (Note 1)

"DI" Primitive - Deactivation Indication (Note 1)

"DR" Primitive - Deactivation Request (Note 1)

"EI" Primitive - Error Indication (Note 1)

"Hn" Go to state "Hn"

"In" Go to state "Jn"

"ST.Mn" Start timer Mn

"STP.Mn"  Stop timer Mn
"SLn,SNn" Pulse patterns produced by NT or LT, respectively SLO, SNO = no

signal)
"Tn" Notation refers to transition instants defined in Figure 2.2.1-17
"UTI" Primitive - U-only Turn-on Indication
"UTR" Primitive - U-only Turn-on Request

Note 1: Primitives are the subject of continuing study and are significant only in
combined NT1/TE or LT/ET implementations.

Note 2: These events are initiated at the T reference point (See T1.605-1991, Table
4).
Note 3: This condition represents an "Activation Request" event.

Note 4: This condition indicates that the user data path (2B+D channels) in the
TE-to-NT direction is transparent to user data.

Note 5: This condition indicates that the user data path (2B+D channels) in the
TE-to-NT direction is not transparent to user data.

Note 6: This event takes priority over received act = 0 for warm-start NTs. This
event could be ignored for cold-start-only NTs.

Note 7: S/T INFO signals are shown as transmit signals in Tables 2.2.3-3 and
2.2.3-7, which do not directly control these signals. They are included for information
only.

Note 8: The signals output in this state remain unchanged from signals output
during the preceding state. (For example, act = 0 if States H6 or H11 preceded, or act
=1 if States H7 or H8 preceded.)

Note 9: This event will cause turn-off of the NT independent of whether the
transmitter is cold-start-only or warm-start.

Note 10: This event must occur after transmitting at least three superframes with
dea=0. See "Turn-Off Procedure," Section 2.2.1.7.4.7.5.

Note 11: When in State H4, absence of signal > 480 ms causes transition to State
H1.

Issue 6.00 Page 2.2.3-19



PHYSICAL LAYER 235-900-341
October 1999

Note 12: When INFO 1 remains continuous after the NT fails to bring up the
network side and returns to State H1, the NT does not again go to State H2, unless a
new transition from INFO 0 to INFO 1 is received. See "Reset,” Section 2.2.1.7.4.3,
and "Supporting Information Relating to DC Metallic Termination,” Section 2.2.4.2.

Note 13: The transceiver should return to the state from which it entered State H9,
unless the uoa or act bit(s) have changed.

Note 14: The response "H1, El, DI" applies only during the first 480 ms after
ceasing transmission (TN or SN1). Otherwise, "no action" is appropriate. See "Timers,"
Section 2.2.1.7.4.4.

Note 15: The network is permitted to choose "no action" rather than sending AR and
transferring to State J7. For example, when the access link is undergoing
maintenance, "no action” is an appropriate response.

Note 16: When in State J3, absence of signal >480 ms causes transition to State J1.

2.2.3.5.3 Total Activation Initiated by the Exchange
Total activation is defined in "Total Activation," Section 2.2.1.7.4.2.1.

Figure 2.2.3-7 illustrates the total activation process initiated by the exchange.

The PH Activate Request (AR) is a switching system primitive impinging on the DSL
from the network. The effect of this request is to start the process leading to total
activation as described in "Start-Up and Control," Section 2.2.1.7.4, and Figure
2.2.1-16, in which the network sends a tone toward the NT.

The PH Activate Request also causes the overhead dea bit to be set equal to 1 in the
network. At first, this action has no effect because there is no communication between
network and the NT: no framing or synchronization, no convergence of the equalizer
and echo canceler coefficients. Once the NT has acquired the superframe marker (at
T6 of Figure 2.2.1-16), the NT is in a position to begin to interpret overhead bits. After
the NT has acquired the superframe marker (T6), and verifies uoa=1, it sends INFO 2
toward the TE. In time, the TE replies to INFO 2 with INFO 3. This event is signaled
to the network by setting the overhead act bit in the NT-to-network direction equal to
1.

Again, setting act = 1 has no effect initially, because until T7 the network receiver
cannot detect overhead bits from the NT.

At the NT, full operational status means that the NT has: (1) acquired bit timing and
frame synchronization, (2) recognized the superframe marker, and (3) fully converged
both its echo canceler and equalizer coefficients. This point is labeled T6 in Figure
2.2.1-16. At this point, the NT introduces the superframe marker into its signal
toward the network as an indication that the NT is fully operational. The presence of
act = 1 in the signal SN3 from the NT conveys the presence of INFO 3 at the
T-reference point. As long as the conditions for T6 hold, and if the presence of dea = 1
indicates a continuing request for activation from the exchange, if INFO 3 remains
present at the T-reference point, and if act = 1 is received from the network, then the
NT opens transparent transmission in the B- and D-channels in both directions.

At the network, full operational status of the DSL (beginning at point T7 in Figure
2.2.1-16) means that the network has: (1) acquired bit timing phase of the signal from
the NT, and frame synchronization, (2) fully converged its echo canceler and equalizer
coefficients, and (3) recognized the superframe marker from the NT. After detecting
act = 1 from the NT, the network sets act = 1 in the signal toward the NT. This last
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event is a signal to the NT that the network is ready for Layer 2 communication. As
long as full operational status is maintained, if the total-activate request from the
exchange continues, and if the network continues to receive act = 1 from the NT, then
the network begins transparent transmission in B- and D-channels in both directions.

Only after transceivers in the NT and LT have attained transmission transparency
can the customer initiate or receive calls on the B- and D-channels.

The time scale in Figures 2.2.3-7 and 2.2.3-8 is not meant to be representative of the
relative amounts of time spent on different parts of the processes.

The reader is referred to ANSI T1.605-1991 and ITU-TS Recommendation 1.430 for
more information on the activation process at the S/T reference point, the interface
between the NT and the customer terminal equipment.

Figures 2.2.3-9 and 2.2.3-10 is an alternative illustration of total activation initiated
by the network. The diagonal arrows show the direction of signal flow, whereas the
horizontal arrows show the direction of information flow.

Terminal —=

T Interface —= INFO / NF03 INFO 4
NTUTE  —= ®

TN SN1 (optional) - ... . SN3 - - g
U Interface —= Start-Up Procedure (degtf') a°s‘a|°0 ‘ag;ljl) (act=1)
- SL3

- SL0_- - Sl (optional) /A" . si2 o N . sL3

LT — @

@) Exchange requests activation (AR). (Set dea = 1.)

@ NT has detected superframe marker and is fully operational (T6).
® TE replies to INFO 2 with INFO3, and NT sends act = 1.

@ LThas recognized superframe marker from the NT and has detected act = 1 from NT.
LT sends active indication (Al) to layer 2 and opens channels to normal signals.

® NT has detected act = 1. NT opens channels to normal signals.

Figure 2.2.3-7 — Outline of Total Activation Process - Total Activation Initiated by the
Exchange
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Terminal —=

T Inferiace INFO 1 INF&) / INF((;) 3 INFO /
NTUTE  —= S : % ©
TN SNL (optional) - - SNO - - 4 - SN2 - \ - - -SN3 - - - N g
U Interface —= Start-Up Procedure %;23) \aga?)n kct:g (actel) /
. =1
7 . S0 . - sii (optional) /“®P .52 . N o 83 ...83 /.
Switch —= @

Al

@ TE requests activation (INFO 1).
@ NT has acquired superframe marker and is receiving INFO 1 (T6).
@ TE replies to INFO 2 with INFO 3, and NT sends act = 1.

© LThas recognized superframe marker from the NT and has detected act = 1 from NT.
LT sends active indication (Al) to layer 2 and opens channels to normal signals.

&) NT has detected act = 1. NT opens channels to normal signals.

Figure 2.2.3-8 — Outline of Total Activation Process - Total Activation Initiated by
Terminal Equipment
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ET

NT

PHYSICAL LAYER

TE

L2 L1 L1 L1 L1 L2
AR
Start TL Start M4
M5 INFO 0 INFO 0
SLO
_ o™
SN1
SNO
SL1
dea=1 -
uoa=1 2
SW Sync
Sh2 Isw Sync |  uoa=1
SN3 Stop M INFO 2
ISW Sync
Stop M5 SL3
. INFO 3
" act=
N3 sai=1
act=1
Al atEl  oBD=N
SL3 act=1
INFO 4
+)=]
N3 2B+D=N Al
NOTES:

1. L1 = Layer 1; L2 = Layer 2. Other symbols and

abbreviations are defined in Tables 2.2.3-3, 2.2.3-4,

2.2.3-7, and 2.2.3-8.

2. Receipt of INFO 3 and SL3 at the NT can theoretically

occur in either order.

3. Reading of the uoa bit is necessary only when the
option “DSL-only turn-on” is implemented.

Figure 2.2.3-9 — Total Activation Process - Total Activation Initiated by the Exchange
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L BT u u N ST u E o
AR
Start M4 INFO 1
Start M5 N ]
SN1
SNO
sL1
deazl  yoa=1
[ sz |
SW Sync
SN2_———"5w sync | y voa=1
sng SaFl Stop M4 INFO 2
ISW Sync
Stop M5 SL3
INFO 3
act=1
SN3
act=1
Al act=1  2B+D=N
SL3 act=1

INFO 4

2B+D=N
| osw T :

NOTES:

1. L1 = Layer 1; L2 = Layer 2. Other symbols and
abbreviations are defined in Tables 2.2.3-3, 2.2.3-4,
2.2.3-7, and 2.2.3-8.

2. Receipt of INFO 3 and SL3 at the NT can theoretically
occur in either order.

3. Reading of the uoa bit is necessary only when the
option “DSL-only turn-on” is implemented.

Figure 2.2.3-10 — Total Activation Process - Total Activation Initiated by Terminal
Equipment (INFO 1)

2.2.3.5.4 Total Activation Initiated by the Terminal Equipment
Total activation is defined in "Total Activation," Section 2.2.1.7.4.2.1.

Figure 2.2.3-8 illustrates the total activation process initiated by the terminal
equipment. It is essentially similar to Figure 2.2.3-7, except that INFO 1 from the TE
begins the process. In this case, the NT starts the process described in "Start-Up and
Control," Section 2.2.1.7.4, and Figure 2.2.1-16 by sending a tone toward the network.
Once the NT has acquired the superframe marker (at T6 in Figure 2.2.1-16) it sends
the INFO 2 signal. The rest of the process is identical to Figure 2.2.3-7.

Although a process setting dea = 1 is not shown in Figure 2.2.3-8, the bit must be set
equal to 1 by the network transceiver at some time before instant T4 of the start-up
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procedure (see Figure 2.2.1-16). This is to ensure that the NT does not receive an
inadvertent turn-off announcement after having achieved superframe synchronization.

Figure 2.2.3-10 is an alternative illustration of total activation initiated by the
terminal equipment. The diagonal arrows show the direction of signal flow, whereas
the horizontal arrows show the direction of information flow.

2.2.3.5.5 Total Deactivation
Total deactivation is defined in "Total Deactivation,” Section 2.2.1.7.4.2.7.

The PH Deactivate Request (DR) is a switching system primitive that starts the
turn-off process described in "Turn-Off Procedure," Section 2.2.1.7.4.7.5. After
detecting dea=0, the NT deactivates the S/T interface by sending INFO 0.

Figure 2.2.3-11 illustrates a method of showing total deactivation (a process that
starts from total activation and is always initiated by the exchange).

b Fou U u N ST u ®
DR act=0 -
dea=0 3 deas0
SL0
<
40 ms
SNO ROVR INFO 0
<
40ms 40ms INFO 0
RevR
RESET
40 ms
RESET
Dl
NOTE:

L1 = Layer 1; L2 = Layer 2. Other symbols and
abbreviations are defined in Tables 2.2.3-3, 2.2.3-4,
2.2.3-7, and 2.2.3-8.

Figure 2.2.3-11 — Total Deactivation Process (DR)

2.2.3.5.6 Activation Finite State Matrices

The total activation/deactivation procedures for NTs and LTs (both warm-start and
cold-start-only) are shown in the form of finite state matrices, Tables 2.2.3-3 and
2.2.3-5, respectively. The finite state matrices reflect the requirements necessary to
assure proper interfacing of LTs with NTs and vice versa. The primitives at the Layer
1 boundary are also described.

2.2.3.5.7 S/T-Only Activation

If the NT does not acquire the superframe marker within the maximum permitted
time (15 seconds), the NT may send the INFO 2 signal synchronized to an internal
free-running clock. Once the NT receives the INFO 3 signal from a TE in response to
this INFO 2 signal, it may send the INFO 4 signal. This procedure is required to
permit the S/T interface to activate for maintenance reasons when the network
interface cannot activate.
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Table 2.2.3-3 — Activation/Deactivation: NT (H) Finite State Matrix (An Example) (1 of

2)
ab .
STATE NAME POWER- FULL | ALERTING TRAFTI\?lNG EC SW ISW
OFF RESET (OPTIONAL) CNVRG'D SYNC SYNC
STATE CODE
EVENT.C HO H1 (TO) H2 H3 (T1) H4 (T2) H5 (T5) H6 (T6)
SIGNAL -> LT: SNO SNO TN SN1 SNO SN2 SN3 act=0
EVENT
¢ SIGNAL -> TE'd INFO 0 INFO O INFO 0 INFO 0 INFO O INFO 0 INFO 2
) : act=0
Power ON ST.M4 H2 - - - - - -
Loss of power - HO EI HO EI HO EI HO EI HO EI HO EI
Received new INFO 1 / H2 N - - - - -
signal
Received INFO 3 ignal / / / / / / /
(act=0,dea=1)
Received INFO 0 or S/T / - - - - - -
Loss of Sync ')
End of Tone TN (9 ms) / / H3 or H4 / / / /
Received tone TL / ST.M4 - / / / /
H2
Echo canceler converged / - - H4 - - -
SW sync and detect SL2 / / / / H5 - -
ISW sync (SL2) / / / / / STP.M4 -
H6
Received dea=0 (SL2 or / / / / / / H9
sL3) K
Received (SL2 or SL3) / / / / / / -
act=0 and dea=1
Received (SL3) act=1 and / / / / / / -
dea=1
Loss of synchronization / / / / / / H10 EI
(> 480 ms)
Loss of signal (> 480 ms) / / / / STP.M4 H1 - ST.M6
m El, DI " H12 El
Expiry of timer M4 (15 / / / H10 El H10 El H10 EI /
seconds)
Loss of Signal < 40 ms / / / / - - -
Expiry of timer M6 (40 ms) / / / / / /
Note(s):

a. Symbols and Abbreviations:
- = No change, no action
/ = Impossible or prohibited situation under normal circumstances
Al = Primitive - Activation Indication
AR = Primitive - Activation Request
DI = Primitive - Deactivation Indication
DR = Primitive - Deactivation Request
El = Primitive - Error Indication
Hn = Go to state "Hn"
Jn = Go to state "Jn"
ST.Mn = Start timer Mn
STP.Mn = Stop timer Mn
SLn,SNn = Pulse patterns produced by NT or LT, respectively (SLO, SNO = no signal)
Tn = Notation refers to transition instants defined in Figure 2.2.1-17.
UTI = Primitive - U-only Turn-on Indication
UTR = Primitive - U-only Turn-on Request
. Primitives are the subject of continuing study and are significant only in combined NT1/TE or LT/ET implementations.
c. See Figure 2.2.1-17.

d. S/IT INFO signals are shown as transmit signals in Tables 2.2.3-3 and 2.2.3-7, which do not directly control these
signals. They are included for information only.

o
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Table 2.2.3-3 — Activation/Deactivation: NT (H) Finite State Matrix (An Example) (1 of
2) (Contd)

Note(s): (Contd)

e. The signals output in this state remain unchanged from signals output during the preceding state. (For example, act =
0 if States H6 or H11 preceded, or act = 1 if States H7 or H8 preceded.)

f. These events are initiated at the T reference point (See T1.605-1991, Table 4).

g. This condition represents an "Activation Request" event.

h. When INFO 1 remains continuous after the NT fails to bring up the network side and returns to State H1, the NT
does not again go to State H2, unless a new transition from INFO 0 to INFO 1 is received. See Sections 2.2.1.7.4.3 and

2.2.4.2.
i. This condition indicates that the user data path (2B+D channels) in the TE-to-NT direction is transparent to user data.

j. This condition indicates that the user data path (2B+D channels) in the TE-to-NT direction is not transparent to user

data.
k. This event takes priority over received act = 0 for warm-start NTs. This event could be ignored for cold-start-only NTs.

I. The transceiver should return to the state from which it entered State H9, unless the uoa or act bit(s) have changed.

m. When in State H4, absence of signal > 480 ms causes transition to State H1.

n. The response "H1, El, DI" applies only during the first 480 ms after ceasing transmission (TN or SN1). Otherwise, "no
action" is appropriate. See Section 2.2.1.7.4.4.
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Table 2.2.3-4 — Activation/Deactivation: NT (H) Finite State Matrix (An Example) (2 of

2)
ab .
STATE NAME: PENDING PENDING RCV
ACTIVE ACTIVE DEACT'N TEAR DOWN TE INACTIVE RESET
STATE CODE
EVENT.C H7 H8 H9 H10 H11 H12
EVENT| SIGNAL ->LT: SN3 act=1 SN3 act=1 SN3 SNO SN3 act=0 SNO
! SIGNAL -> TE:d INFO 2 act=1 INFO 4 act=1 e INFO 0 INFO 2 act=0 INFO 0
Power ON - - - - - -
Loss of power HO EI HO EI HO EI HO EI HO EI HO EI
Received new, INFO 1 / / - - / -
signal
Received INFO 3 ?ié;nal H7 - - - - H7
(act=0,dea=1)
Received INFO 0 or S/T H11 H11 - - - -
Loss of Sync ']
End of Tone TN (9 ms) / / / / / /
Received tone TL / / / / / ST.M4
STP.M6
H2
Echo canceler converged - - - - - -
SW sync and detect SL2 - - - - - /
ISW sync (SL2) - - - - - /
Received dea=0 (SL2 or H9 H9 - - H9 /
sL3) K
Received (SL2 or SL3) - H7 H6, H7or - - /
act=0 and dea=1 Ha!
Received (SL3) act=1 and H8 Al - Hg ! - - /
dea=1
Loss of synchronization (> H10 EI H10 EI H10 EI - H10 EI -
480 ms)
Loss of signrz%l (> 480 ms) | ST.M6 H12 EI ST.M6 H12 / / ST.M6 H12 EI -
El
Expiry of timer M4 (15 / / / / / -
seconds)
Loss of Signal < 40 ms - - ST.M6 H12 ST.M6 H12 - /
Expiry of timer M6 (40 / / / / / H1
ms)

Note(s):
a. Symbols and Abbreviations:
- = No change, no action
/ = Impossible or prohibited situation under normal circumstances
Al = Primitive - Activation Indication
AR = Primitive - Activation Request
DI = Primitive - Deactivation Indication
DR = Primitive - Deactivation Request
El = Primitive - Error Indication
Hn = Go to state "Hn"
Jn = Go to state "JIn"
ST.Mn = Start timer Mn
STP.Mn = Stop timer Mn
SLn,SNn = Pulse patterns produced by NT or LT, respectively (SLO, SNO = no signal)
Tn = Notation refers to transition instants defined in Figure 2.2.1-17.
UTI = Primitive - U-only Turn-on Indication
UTR = Primitive - U-only Turn-on Request
. Primitives are the subject of continuing study and are significant in only combined NT1/TE or LT/ET implementations.
c. See Figure 2.2.1-17.

d. S/T INFO signals are shown as transmit signals in Tables 2.2.3-3 and 2.2.3-7, which do not directly control these
signals. They are included for information only.

o
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Table 2.2.3-4 — Activation/Deactivation: NT (H) Finite State Matrix (An Example) (2 of
2) (Contd)

Note(s): (Contd)
e. The signals output in this state remain unchanged from signals output during the preceding state. (For example, act =
0 if States H6 or H11 preceded, or act = 1 if States H7 or H8 preceded.)

f. These events are initiated at the T reference point (See T1.605-1991, Table 4).

g. This condition represents an "Activation Request" event.

h. When INFO 1 remains continuous after the NT fails to bring up the network side and returns to State H1, the NT
does not again go to State H2, unless a new transition from INFO 0 to INFO 1 is received. See Sections 2.2.1.7.4.3 and
2.24.2.

i. This condition indicates that the user data path (2B+D channels) in the TE-to-NT direction is transparent to user data.

j. This condition indicates that the user data path (2B+D channels) in the TE-to-NT direction is not transparent to user
data.

k. This event takes priority over received act = 0 for warm-start NTs. This event could be ignored for cold-start-only NTs.

I. The transceiver should return to the state from which it entered State H9, unless the uoa or act bit(s) have changed.

m. When in State H4, absence of signal > 480 ms causes transition to State H1.

n. The response "H1, El, DI" applies only during the first 480 ms after ceasing transmission (TN or SN1). Otherwise, "no
action" is appropriate. See Section 2.2.1.7.4.4.
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Table 2.2.3-5 — Activation/Deactivation: LT (J) Finite State Matrix (An Example) (1 of

2)
| STENAME | POWER | UL |mermng | awae | rfCls | cubop | S ST
e | o | | e [ em [ 85| sew | s
EVENT | signNaAL->NT: | sLo SLo L SLo sL1 SL2 SL2
! dea=1 dea=1
Power ON J1 - - - - - -
Loss of power - JO El JO El JO EI JO EI JO El JO El
Activation Request (AR) - ST.M5 J2 - - - - -
Deactivation Request (DR) d - - - - - - -
End of Tone TL (3 ms) / / J3 / / / /
Received tone TN / ST.M5 J3 - - / / /
Loss of signal energy (TN or / / - J4 or J5 - / /
SN1)
Echo canceler converged / - - - J5 - -
SW sync (SN2 or SN3) / / / / / J6 -
ISW sync (SN3) / / / / / / STP.M5
J7
Received act=0 (SN3) / / / / / / /
Received act=1 (SN3) / / / / / / /
Loss of synchronization / / / / / / /
(>480 ms)
Loss of signal (>480 ms) / / / T1€ / - -
End of last super frame with / / / / / / /
dea=0
Expiry of timer M5 (15 / / / J10 El J10 El J10 EI J10 El
seconds)
Absence of signal <40 ms / - / / / - -
Expiry of timer M7 (40 ms) / / / / / / /

Note(s):
a. Symbols and Abbreviations:
- = No change, no action
/ = Impossible or prohibited situation under normal circumstances
Al = Primitive - Activation Indication
AR = Primitive - Activation Request
DI = Primitive - Deactivation Indication
DR = Primitive - Deactivation Request
El = Primitive - Error Indication
Hn = Go to state "Hn"
Jn = Go to state "Jn"
ST.Mn = Start timer Mn
STP.Mn = Stop timer Mn
SLn,SNn = Pulse patterns produced by NT or LT, respectively (SLO, SNO = no signal)
Tn = Notation refers to transition instants defined in Figure 2.2.1-17.
UTI = Primitive - U-only Turn-on Indication
UTR = Primitive - U-only Turn-on Request
b. Primitives are the subject of continuing study and are significant in only combined NT1/TE or LT/ET implementations.
c. See Figure 2.2.1-17.
d. This event will cause turn-off of the NT independent of whether the transmitter is cold-start-only or warm-start.
e. When in State J3, absence of signal >480 ms causes transition to State J1.

f. This event must occur after transmitting at least three superframes with dea=0. See Section 2.2.1.7.4.7.5.
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Table 2.2.3-6 — Activation/Deactivation: LT (J) Finite State Matrix (An Example) (2 of

a.

b.
c.
d.
e.

f.

2)
ab . )
STATE NAME: ISW SYNC ACTIVE REQ%I:N SgCV'T\I BE’XE[PS RCV RESET
STATE COPE 37.(T7) 38 9 J10 REE] 312
EVENT | SiGNAL->NT. | SL3dea=1 | SL3dea=1 | SL3 dea=0 SLo SLo SLo
Power ON - - - - - -
Loss of power JO EI JO EI JO El JO EI JO El JO El
Activation Request (AR) - - - - - -
Deactivation Request (DR) d J9 J9 - - - -
End of Tone TL (3 ms) / / / / / /
Received tone TN / / / / / ST.M5
STP.M7 J3
Loss of signal energy (TN or / / / / / /
SN1)
Echo canceler converged - - - - - -
SW sync (SN2 or SN3) - - - - - /
ISW sync (SN3) - - - - - /
Received act=0 (SN3) - J7 - - - /
Received act=1 (SN3) J8 Al - - - - /
Loss of synchronization (>480 J10 El J10 EI J10 El - - -
ms)
Loss of signal (>480 ms) ST.M7 J12 ST.M7 J12 ST.M7 J12 - - -
El El El
End of last superfframe with / / Ji1 / / /
dea=0
Expiry of timer M5 (15 seconds) / / / / / /
Absence of signal <40 ms - - - ST.M7J1 J1 DI -
Expiry of timer M7 (40 ms) / / / / / J1 DI
Note(s):

Symbols and Abbreviations:

- = No change, no action

/ = Impossible or prohibited situation under normal circumstances

Al = Primitive - Activation Indication

AR = Primitive - Activation Request

DI = Primitive - Deactivation Indication

DR = Primitive - Deactivation Request

El = Primitive - Error Indication

Hn = Go to state "Hn"

Jn = Go to state "JIn"

ST.Mn = Start timer Mn

STP.Mn = Stop timer Mn

SLn,SNn = Pulse patterns produced by NT or LT, respectively (SLO, SNO = no signal)
Tn = Notation refers to transition instants defined in Figure 2.2.1-17.
UTI = Primitive - U-only Turn-on Indication

UTR = Primitive - U-only Turn-on Request

Primitives are the subject of continuing study and are significant in only combined NT1/TE or LT/ET implementations.
See Figure 2.2.1-17.

This event will cause turn-off of the NT independent of whether the transmitter is cold-start-only or warm-start.
When in State J3, absence of signal >480 ms causes transition to State J1.

This event must occur after transmitting at least three superframes with dea=0. See Section 2.2.1.7.4.7.5.
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2.2.3.5.8 DSL-Only Turn-On
2.2.3.5.8.1 UTR Initiated by the Exchange from Reset

The DSL-only turn-on request (UTR) is an optional switching system primitive. The
effect of this request is to start the process described in "Start-Up and Control,"
Section 2.2.1.7.4, and in Figure 2.2.1-16 in which the network sends the tone toward
the NT. The PH DSL-only Turn-on Request also sets dea=1 and uoa=0 toward the NT.

After the NT has acquired the superframe marker (at T6 in Figure 2.2.1-16) and
detected uoa bit = 0, it does not activate the S/T interface.

After the network has acquired the superframe marker (at T7 in Figure 2.2.1-16), the
DSL is fully operational. Figure 2.2.3-12 illustrates DSL-only turn-on (a process that
starts from RESET and is initiated by only the exchange).

b Fou v u oy u ® p
UTR
Start 1L Start M4
V5 INFO 0 INFO 0
SLO
. om
SN1
SNO
SLL
dea=1 _
uoa=0 o)
sais SW Sync
SN2 moe SWSyne woa=)
SN3 Stop M
i Rl ETEU
Stop M5 SL3
NOTES:

* Except to perform a loopback, 2B+D bits remain in the
previous state (SN2 or SL2) until both act bits indicate
full transparency of B- and D-channels. Refer to Table
2.2.3-2 for information on messages required.

L1 = Layer 1; L2 = Layer 2. Other symbols and
abbreviations are defined in Tables 2.2.3-7 and 2.2.3-8.

Figure 2.2.3-12 — DSL-Only Turn-on Process Initiated by the Exchange from Reset
(UTR)

2.2.3.5.8.2 Total Activation Initiated by the Exchange when DSL-Only Is Turned-On

This process is initiated when the PH-Activate Request (AR) replaces the UTR
request. The network sets uoa=1 toward the NT.

After detecting uoa=1, the NT allows S/T interface activation as described in "Total
Activation Initiated by the Exchange," Section 2.2.3.5.3. Figure 2.2.3-13 illustrates this
process.
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n o U u o ST u o
AR -
uoa=1 s13 loa=1
INFO 2
_ INFO 3
act=1 sal-l i
N =
A L 9B4D=N
SL3 act=1
INFO 4
2B4D=N
| ow !
NOTES:

1. L1 = Layer 1; L2 = Layer 2. Other symbols and
abbreviations are defined in Tables 2.2.3-7 and 2.2.3-8.

2. Receipt of INFO 3 and SL3 at the NT can theoretically
occur in either order.

Figure 2.2.3-13 — Change from DSL-Only to Total Activation Initiated by the
Exchange (AR)

2.2.3.5.8.3 Total Activation Initiated by the Terminal Equipment when DSL-Only Is
Turned-On

This process is initiated after receiving INFO 1 from the TE while the DSL-only
feature is turned-on. The NT sends the sai bit = 1 toward the network. After detecting
the sai bit = 1, the exchange may send back the PH-Activate Request (AR). The
network may refuse to send AR, for instance when the access link is undergoing
maintenance. Then the process continues as described in "Total Activation Initiated by
the Exchange when DSL-Only Is Turned-On," Section 2.2.3.5.8.2. Figure 2.2.3-14
illustrates this process.
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o fou U u Mo ST u T op
AR
| il INFO 1
sl ST
AR
wEl g, -
INFO 2
el INFO 3
S\3 act=1
il =l opapaN
Al - D=
SL3 act=1
INFO 4
BN
s ’
NOTES:

1. L1 = Layer 1; L2 = Layer 2. Other symbols and
abbreviations are defined in Tables 2.2.3-7 and 2.2.3-8.

2. Receipt of INFO 3 and SL3 at the NT can theoretically
occur in either order.

Figure 2.2.3-14 — Change from DSL-Only to Total Activation Initiated by Terminal
Equipment (INFO 1)

2.2.3.5.8.4 S/T-Interface-Only Deactivation

This process is initiated by the PH DSL-only Turn-on Request (UTR) and starts from
total activation. The network sends uoa=0 toward the NT.

After detecting uoa=0, the NT shall deactivate the S/T interface by sending INFO 0.
Then the NT sets sai=0 toward the network. Figure 2.2.3-15 illustrates this process.

ET U NT ST TE

L2 L1 L1 L1 L1 L2
UTR =
uoa=0 si3 10a=0
INFO 0
" INFO 0
_ sai=
SN3 act=0

act=0 D=

o T s |

NOTE:
L1 = Layer 1; L2 = Layer 2. Other symbols and
abbreviations are defined in Tables 2.2.3-7 and 2.2.3-8.

Figure 2.2.3-15 — Change to DSL-Only from Total Activation Initiated by Exchange
(UTR)
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2.2.3.5.9 Activation Finite State Matrices when DSL-Only Turn-On Option Is
Implemented

The activation/deactivation procedures for NTs and LTs, including the DSL-only

turn-on processes, are shown in the form of finite-state matrices in Tables 2.2.3-7 and

2.2.3-9.

Table 2.2.3-7 — Activation/Deactivation: NT (H) Finite State Matrix (DSL-Only Turn-on
Option) An Example (1 of 2)

ab
STATE EC ISW
POWER FULL EC SW ISW PENDING
NAME: ALERTING | TRAINING s SYNC
OFF RESET (OPTIONAL) CNVRG'D SYNC SYNC CALL ACTIVE
STATE H6
CODE HO H1 (TO) H2 H3 (T1) H4 (T2) | H5 (T5) | H6(a)(T6) (T6) H7
EVENT:®
SN3 SN3 SN3
SISNAL 1 sno | sNo ™ SN1 SNO SN2 | act=0 | ct=0 | act=1
EVENT : sai=10r0 sai=10r0 | sai=1
!
SIGNAS | INFOO | INFOO | INFO O INFO 0 INFOO | INFoO | InFoo | NFO | inFo 2
Power On ST.M4 _ _ _ _ - — — —
H2
Loss of power — HO EI HO EI HO EI HO EI HO EI HO EI HO EI HO EI
Received new S/T / ST.M4 — — — — — — /
INFO 1 signal ' 9 H2 D
/
Received INFO 3 / / / / / / H7 — —
signal 1!
(uoa=1,act=0,dea=1)
/
Received INFO Ofor / — — — — — — — H11
SIT Loss of Sync 1)
End of tone TN (9 / / H3 or H4 / / / / / /
ms)
Received tone TL / ST.M4 — / / / / / /
H2
Echo canceler / — — H4 — — — — —
converged
SW sync and detect / / / / H5 — — — —
SL2
ISW sync (SL2) / / / / / STP.M4 — — —
H6(a)
Received (SL2 or / / / / / / H9 H9 H9
SL3) dea=0
/
Received (SL2 or / / / / / / H8(a) or | H8(a) H8(b)
SL3) uoa=0 and H8(c) or
dea=1 H38(c)
Received (SL2 or / / / / / / H6 — —
SL3) uoa=1, act=0
and dea=1
Received (SL3) / / / / / / — — H8 Al
uoa=1, act=1, and
dea=1
Loss of / / / / / / H10 EIl H10 H10 EI
synchronization (> El
480 ms)
Loss of signal (> / / / / STP.M4 — ST.M6 | ST.M6 | ST.M6
480 ms) m H1 Enl, DI H12 EI H12 H12 EI
El

See note(s) at end of table.
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Table 2.2.3-7 — Activation/Deactivation: NT (H) Finite State Matrix (DSL-Only Turn-on

Option) An Example (1 of 2) (Contd)

ab
STATE EC ISW
POWER FULL EC SwW ISW PENDING
NAME: ALERTING | TRAINING ) SYNC
OFF RESET (OPTIONAL) CNVRG'D SYNC SYNC CALL ACTIVE
STATE H6
CODE HO H1 (TO) H2 H3 (T1) H4(T2) | H5 (T5) [HE@)(TE) | (1o H7
EVENT:®
SN3 SN3 SN3
S_'St‘.?" SNO SNO TN SN1 SNO SN2 act=0 ct=0 act=1
EVENT : sai=10r0 sai=10r0 | sai=1
!
_SJGT'\é’_\'a INFOO | INFOO | INFOO INFO 0 INFOO | INFOO | INFOO 'NZFO INFO 2
Expiry of timer M4 / / / H10 EI H10 El H10 EI / / /
(15 seconds)
Loss of Signal < 40 / / / / — — — — —
ms
Expiry of timer M6 / / / / / / / / /
(40 ms)

Note(s):
a. Symbols and Abbreviations:
— = No change, no action
/ = Impossible or prohibited situation under normal circumstances
Al = Primitive - Activation Indication
AR = Primitive - Activation Request
DI = Primitive - Deactivation Indication
DR = Primitive - Deactivation Request
El = Primitive - Error Indication
Hn = Go to state "Hn"
Jn = Go to state "In"
ST.Mn = Start timer Mn
STP.Mn = Stop timer Mn
SLn,SNn = Pulse patterns produced by NT or LT, respectively (SLO, SNO = no signal)
Tn = Notation refers to transition instants defined in Figure 2.2.1-17.
UTI = Primitive - U-only Turn-on Indication
UTR = Primitive - U-only Turn-on Request

b. Primitives are the subject of continuing study and are significant in only combined NT1/TE or LT/ET implementations.

c. See Figure 2.2.1-17.

d. S/T INFO signals are shown as transmit signals in Tables 2.2.3-3 and 2.2.3-7, which do not directly control these
signals. They are included for information only.

e. The signals output in this state remain unchanged from signals output during the preceding state. (For example, act =
0 if States H6 or H11 preceded, or act = 1 if States H7 or H8 preceded.)

f. These events are initiated at the T reference point (See T1.605-1991, Table 4).

This condition represents an "Activation Request" event.

. When INFO 1 remains continuous after the NT fails to bring up the network side and returns to State H1, the NT
does not again go to State H2, unless a new transition 2.2.1.7.4.3 and 2.2.4.2.

. This condition indicates that the user data path (2B+D channels) in the TE-to-NT direction is transparent to user data.

. This condition indicates that the user data path (2B+D channels) in the TE-to-NT direction is not transparent to user
data.

k. This event takes priority over received act = 0 for warm-start NTs. This event could be ignored for cold-start-only NTs.
I. The transceiver should return to the state from which it entered State H9, unless the uoa or act bit(s) have changed.
m. When in State H4, absence of signal > 480 ms causes transition to State H1.

n. The response "H1, El, DI" applies only during the first 480 ms after ceasing transmission (TN or SN1). Otherwise, "no
action" is appropriate. See Section 2.2.1.7.4.4.

T a

[
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Table 2.2.3-8 — Activation/Deactivation: NT (H) Finite State Matrix (DSL-Only Turn-on
Option) An Example (2 of 2)

ab STATE NAME: ACTIVE UOA SIT UOA & | PENDING TEAR TE RCV
DEACT. | TE CALL | DEACT'N DOWN INACTIVE | RESET

STATE CODE

AVENTe H8 H8(a) H8(b) H8(c) Ho H10 H1l H12
SN3 _ | sn3 _
SIGNAL > LT: | act=1 | SN3 8G1=0/| SN3 act=0 | 5 SN3 sno  [SNBAE0 | g
EVENT sai=1 sal= sal= sai=1 sal=
1
SIGNAL->TE: | \\Fo4 | INFOO | INFOO | INFOO e INFOO | INFO2 | INFO2
Power On _ _ _ _ — — — -
Loss of power HOEI | HOEI HOEI | HOEI | HOEI Ho EI Ho EI Ho EI
Received new S/T INFO 1 / H8(c) H8(c) — — — / —
signal
/
Received INFO 3 signal f / — / — — H7 H7 —

! (uoa=1,act=0,dea=1)
/

Received INFO 0 or S/IT H11 / H8(a) / — — — —
Loss of Sync 1J
End of tone TN (9 ms) / / / / / / / /
Received tone TL / / / / / / / STP.M4
STP.M6
H2
Echo canceler converged — — — — — — — —
SW sync and detect SL2 — — — — — — — /
ISW sync (SL2) — — — — — — — /
Received (SL2 or SL3) H9 H9 H9 H9 — — H9 /
dea=0
/
Received (SL2 or SL3) H8(b) — — — Prev. — H8(a) /
uoa=0 and dea=1 State |
Received (SL2 or SL3) H7 H6 — H6 Prev. — — /
uoa=1, act=0 and dea=1 State |
Received (SL3) uoa=1, — — — — Prev. — — /
act=1, and dea=1 State !
Loss of synchronization (> | H10 EI H10 EI H10 EI H10 El H10 EI — H10 El —
480 ms)
Loss of signal (> 480 ms) ST.M6 ST.M6 ST.M6 ST.M6 / / ST.M6 —
m H12 EI H12 EI H12 EI H12 EI H12 EI
Expiry of timer M4 (15 / / / / / / / —
seconds)
Loss of Signal < 40 ms — — — — ST.M6 ST.M6 — /
H12 H12
Expiry of timer M6 (40 / / / / / / / H1 D1
ms)

See note(s) at end of table.
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Table 2.2.3-8 — Activation/Deactivation: NT (H) Finite State Matrix (DSL-Only Turn-on
Option) An Example (2 of 2) (Contd)

Note(s):
a. Symbols and Abbreviations:
— = No change, no action
/ = Impossible or prohibited situation under normal circumstances
Al = Primitive - Activation Indication
AR = Primitive - Activation Request
DI = Primitive - Deactivation Indication
DR = Primitive - Deactivation Request
El = Primitive - Error Indication
Hn = Go to state "Hn"
Jn = Go to state "Jn"
ST.Mn = Start timer Mn
STP.Mn = Stop timer Mn
SLn,SNn = Pulse patterns produced by NT or LT, respectively (SLO, SNO = no signal)
Tn = Notation refers to transition instants defined in Figure 2.2.1-17.
UTI = Primitive - U-only Turn-on Indication
UTR = Primitive - U-only Turn-on Request
. Primitives are the subject of continuing study and are significant in only combined NT1/TE or LT/ET implementations.
See Figure 2.2.1-17.

S/T INFO signals are shown as transmit signals in Tables 2.2.3-3 and 2.2.3-7, which do not directly control these
signals. They are included for information only.

. The signals output in this state remain unchanged from signals output during the preceding state. (For example, act =
0 if States H6 or H11 preceded, or act = 1 if States H7 or H8 preceded.)

These events are initiated at the T reference point (See T1.605-1991, Table 4).
This condition represents an "Activation Request" event.

. When INFO 1 remains continuous after the NT fails to bring up the network side and returns to State H1, the NT
does not again go to State H2, unless a new transition 2.2.1.7.4.3 and 2.2.4.2.

. This condition indicates that the user data path (2B+D channels) in the TE-to-NT direction is transparent to user data.

. This condition indicates that the user data path (2B+D channels) in the TE-to-NT direction is not transparent to user
data.

K. This event takes priority over received act = 0 for warm-start NTs. This event could be ignored for cold-start-only NTs.
|. The transceiver should return to the state from which it entered State H9, unless the uoa or act bit(s) have changed.
m. When in State H4, absence of signal > 480 ms causes transition to State H1.

n. The response "H1, El, DI" applies only during the first 480 ms after ceasing transmission (TN or SN1). Otherwise, "no
action” is appropriate. See Section 2.2.1.7.4.4.

a e o

@

—h

T @

—_ -
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Table 2.2.3-9 — Activation/Deactivation: LT (J) Finite State Matrix (DSL-Only Turn-on
Option) An Example (1 of 2)

ab
STATE EC SW ISW
NAME: P%V;/ER RFEUSLIIE_T ALERTING AWAKE TRAIIEI\ﬁNG CNVRG'D SYNC SYNC ACTIVE
CALL CALL CALL
STATE
J3 J4 (T3)
CODE Jo J1 (TO) J2 J5 (T4) J6 J7 (T7) J8
EVENT:C (T1) OPTIONAL
EVENT
B SL2 SL2 SL3 SL3
§ dea=1 dea=1 dea=1 dea=1
SIGNAL - NT: SLO SLO TL SLO SL1 act=0 act=0 act=0 act=1
uoa=1 uoa=1 uoa=1 uoa=1
Power ON J1 - - - - - - - -
Loss of power - JO ElI JO El JO EI JO El JO ElI JO ElI JO ElI JO El
Activation Request - ST.M5 - - - - - - -
(AR) J2
U-only - ST.M5 - - - J5(a) J6(a) J7(a) J7(a)
Turn-onRequest (UTR) J2
Deactivation Request - - - - - - - J9 J9
(OR) @
End of tone TL (3 ms) / / J3 / / / / / /
Received tone TN / ST.M5 - - / / / / /
J3
Loss of signal energy / - - J4,35 - / / / /
(TN or SN1) or
J5(a)
Echo canceler / - - - J5(a) - - - -
converged and UTR
Echo canceler / - - - J5 - - - -
converged and AR
SW sync (SN2 or SN3) / / / / / J6 - - -
Received (SN3) act=0 / / / / / / / - J7 El
Received (SN3) act=1 / / / / / / / J8 Al -
Received (SN3) sai=1 / / / / / / / - -
Loss of / / / / / / / J10 El J10 EI
synchronization (> 480
ms)
Los of signal (> 480 / / / nf / - - STM7 | ST.M7
ms) J12 El J12 El
End of last super / / / / / / / / /
frame with dea=0 9
Expiry of timer M5 (15 / / / J10 El | J10 EI J10 EI J10 EI / /
seconds)
Absence of signal < 40 / -/ / / / - - - -
ms
Expiry of timer M7 (40 / / / / / / / / /
ms)
ISW sync (SN3) / / / / / / STP.M5 - -
J7

See note(s) at end of table.
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Table 2.2.3-9 — Activation/Deactivation: LT (J) Finite State Matrix (DSL-Only Turn-on
Option) An Example (1 of 2) (Contd)

Note(s):

a. Symbols and Abbreviations:

— = No change, no action

/ = Impossible or prohibited situation under normal circumstances

Al = Primitive - Activation Indication

AR = Primitive - Activation Request

DI = Primitive - Deactivation Indication

DR = Primitive - Deactivation Request

El = Primitive - Error Indication

Hn = Go to state "Hn"

Jn = Go to state "JIn"

ST.Mn = Start timer Mn

STP.Mn = Stop timer Mn

SLn,SNn = Pulse patterns produced by NT or LT, respectively (SLO, SNO = no signal)

Tn = Notation refers to transition instants defined in Figure 2.2.1-17.

UTI = Primitive - U-only Turn-on Indication

UTR = Primitive - U-only Turn-on Request
b. Primitives are the subject of continuing study and are significant in only combined NT1/TE or LT/ET implementations.
c. See Figure 2.2.1-17.
d. This event will cause turn-off of the NT independent of whether the transmitter is cold-start-only or warm-start.
e.

The network is permitted to choose "no action" rather than sending AR and transferring to State J7. For example,
when the access link is undergoing maintenance, "no action" is an appropriate response.

f. When in State J3, absence of signal >480 ms causes transition to State J1.
g. This event must occur after transmitting at least three superframes with dea=0. See Section 2.2.1.7.4.7.5.
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Table 2.2.3-10 — Activation/Deactivation: LT ("J”) Finite State Matrix (DSL-Only
Turn-on Option) An Example (2 of 2)

ab STATE EC SW SYNC DEACT'N | DEACT'N TEAR PENDING RCV
NAME: | COMVRGD | “calL | VACTIVE | "gr | ALERTN | DOWN | DEACTN | RESET
STATE
CODE J5(a) (T4) J6(a) J8(a) J7(a) J9 J10 Ji1 J12
EVENT:®
EVENT
l SIGNAL T |~ acte et deact | deact deaco SLo SLo sLo
- = act=0 act=0 act=0 -
uoa=0 _ _ _ act=0
uoa=0 uoa=0 uoa=0
Power ON - - - - - - - -
Loss of power JO ElI JO ElI JO EI JO ElI JO ElI JO EI JO El JO EI
Activation Request J5 J6 J7 J7 - - - -
(AR)
U-only - - - - - - - -
Turn-onRequest (UTR)
Deactivation Request - - J9 J9o- - - - -
(OR) @
End of tone TL (3 ms) / / / / / / / /
Received tone TN / / / / / / / ST.M5
STP.M7
J3
Loss of signal energy / / / / / / / /
(TN or SN1)
Echo canceler - - - - - - - -
converged and UTR
Echo canceler - - - - - - - -
converged and AR
SW sync (SN2 or SN3) J8(a) - - - - - - -
Received (SN3) act=0 / / - J8(a) - - - -
uT1
Received (SN3) act=1 / / / - - - - -
Received (SN3) sai=1 / / J7AR - - - - -
Loss of / / J10 El J10 EI J10 EI - - -
synchronization (> 480
ms)
Los of signal (> 480 - — ST.M7 ST.M7 ST.M7 - - -
ms) Ji2 El J12 El J12 El
End of last super / / / / Ji1 / / /
frame with dea=0 9
Expiry of timer M5 J10 EI J10 EI / / / / / /
(15 seconds)
Absence of signal < 40 - - - - - ST.M7 J1D1 -
ms J12
Expiry of timer M7 / / / / / / / J1D1
(40 ms)
ISW sync (SN3) / STP.M5 - - - - - -
J8(a) UT1

See note(s) at end of table.
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Table 2.2.3-10 — Activation/Deactivation: LT ("J”) Finite State Matrix (DSL-Only
Turn-on Option) An Example (2 of 2) (Contd)

Note(s):
a. Symbols and Abbreviations:
— = No change, no action
/ = Impossible or prohibited situation under normal circumstances
Al = Primitive - Activation Indication
AR = Primitive - Activation Request
DI = Primitive - Deactivation Indication
DR = Primitive - Deactivation Request
El = Primitive - Error Indication
Hn = Go to state "Hn"
Jn = Go to state "Jn"
ST.Mn = Start timer Mn
STP.Mn = Stop timer Mn
SLn,SNn = Pulse patterns produced by NT or LT, respectively (SLO, SNO = no signal)
Tn = Notation refers to transition instants defined in Figure 2.2.1-17.
UTI = Primitive - U-only Turn-on Indication
UTR = Primitive - U-only Turn-on Request
b. Primitives are the subject of continuing study and are significant in only combined NT1/TE or LT/ET implementations.
c. See Figure 2.2.1-17.
d. This event will cause turn-off of the NT independent of whether the transmitter is cold-start-only or warm-start.
e.

The network is permitted to choose "no action" rather than sending AR and transferring to State J7. For example,
when the access link is undergoing maintenance, "no action" is an appropriate response.

f. When in State J3, absence of signal >480 ms causes transition to State J1.
g. This event must occur after transmitting at least three superframes with dea=0. See Section 2.2.1.7.4.7.5.

2.2.3.6 Linearity Measurement
This section is not part of the specification — for information only.

With the transceiver (network or NT) terminated in a 135-ohm resistance through a
zero-length loop, and driven by an arbitrary binary sequence, the voltage appearing
across the resistance is filtered (anti-alias), sampled and converted to digital form
(Vout) With a precision of no less than 12 bits (see Figure 2.2.3-16). These samples are
compared with the output of an adjustable, linear filter, the input of which is the
scrambled, framed, and linearly encoded transmitter input. The signals at the
subtractor may both be in digital form, or they may both be in analog form.

The linear digital filter input ("Quaternary Input Data" in Figure 2.2.3-16) can be
considered a linearity standard. It may be produced from the transmitter output by an
errorless receiver (with no de-scrambler), or from the scrambled transmitter input
data if it is available. If the samples input to the adjustable filter are available in
digital form, no additional A/D converter is required. Whether analog or digital, these
samples are required to be in the ratio 3:1:-1:-3, to an accuracy of at least 12 bits.

The sampling rate of the samplers and filters may be higher than the baud rate, and
generally will be several times the baud rate for good accuracy. Alternatively, the
sample rate may be at the baud rate, but the rms values are obtained by averaging
over all sample phases relative to the transmitter signal.

Because the anti-alias filter, sampler, and A/D converter operating on the transmitter
output may introduce a loss or gain, proper calibration requires determining <V,,*>
at the filter output, as shown in Figure 2.2.3-16, rather than the mean-squared value
of the transmitter output itself.
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Figure 2.2.3-16 — Measurement of DSL Transmitter Linearity
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2.2.4 SUPPORTING INFORMATION
2.2.4.1 Discussion of eoc Addressing
This section is not part of the specification — for information only.

2.2.4.1.1 Assignment of eoc Addresses

Figure 2.2.4-1 shows a possible worst case architecture for supporting ISDN basic
access. In such extended configurations, the digital subscriber line (DSL) provided by
the switch connects to intermediate transmission equipment instead of connecting
directly to an NT. There may be additional transmission elements at more distant
points in the configuration before eventually terminating at the NT.

Each transmission element indicated by [0 in Figure 2.2.4-1, with n equal to 1 through
5, may need to be given an eoc address. This allows the switch to send Layer 1
maintenance commands to each of these elements. The address for such transmission
elements shall be assigned in a relative fashion with respect to the switch such that
the first element from the switch is treated by the network as eoc Address 1, the next
as eoc Address 2, and so on until the interface on the network side of the NT is
reached. The first element on the customer side of the interface is assumed to be the
NT and is always addressed as O.

ISDN Switch (Remote) Central Office (Local) Customer Premises
Universal Interoffice Carrier ubLC Loop C.p.
< === === = = > < - - === - == == > < - - < - =
Wiring
ET D-Bank D-Bank CoT RDT
DSL DSL
LU/NT Digital Facility LULLT LU/NT Digital Facility LULT | psL Interface
LT . . . RP ] NT
MDF @ Metallic or Fiber| @ MDF @ Metallic or Fiber| @ Point
OSN I I I I I I
I I I I I I
| | |

Symbols & Abbreviations

COT - Central Office Terminal LU/LT - Line Unit/"LT" OSN - Operations System Network (Packet)
DSL - Digital Subscriber Line LU/NT - Line Unit/"NT" OS - Operations System

Interface Point - Interface on the MDF - Main Distributing Frame RDT - Remote Digital Terminal

Network Side of NT NT - Network Termination RP - Loop Repeater, Network

LT - Line Termination O - Message with Address x UDLC - Universal Digital

Loop Carrier

O - nth Transmission Element

Figure 2.2.4-1 — Worst Case ISDN Basic Access Configuration

2.2.4.1.2 Addresses 1 through 6 (Intermediate Elements)

For the previously mentioned addressing scheme, the intermediate transmission
elements have eoc addresses in the range of 1 to 6. Intermediate transmission
elements will react to Addresses 1 through 6 as follows:

* Direction toward CPE (Network to NT):

— If address in range of 2 to 6, decrement address and pass message on.
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— If address equals 1, comply (see "Mode of Operation," Section 2.2.3.1.3.2) with
received message and send proper eoc response (see "Mode of Operation,"”
Section 2.2.3.1.3.2) frame back toward the network. The response frame will be
written over the response frame from the NT. Pass the eoc frame on with the
broadcast address and the message changed to Hold State.

e Direction Toward Network (NT to Network):
— If address in range 1 to 5, increment address and pass message on.

Note: For the addressing mechanism described in this section, the order of the
address bits in the eoc address field is important. In Figure 2.2.1-12, the m;, M,, and
M, bits in the first frame of the superframe are the eoc address, eoc,;, €oc,,, abd
e0c,3, respectively. In this address field, eoc,; is the most significant bit and eoc,; is
the least significant bit.

2.2.4.1.3 Action of Intermediate Elements

The intermediate transmission elements will react to eoc Addresses 0 and 7 (NT
address and broadcast address, respectively) as follows:

* In either direction, if Address 0, address not changed and message passed on.
e If Address 7,

— Downstream - comply with received message, address not changed, and
message passed on

— Upstream - address not changed, and message passed on.

Thus, all downstream units would comply with a message with a broadcast address;
however, only the NT would respond with an acknowledgment. Intermediate units
would relay the NT’s acknowledgment to the network.

When eoc messages for internal ISDN network use activate operations functions
identical to operations functions standardized at the NT, then the message codes for
those messages should be identical as well.

2.2.4.1.4 Action of NT

The NT will comply with messages to only Addresses 0 and 7. When messages are
received at the NT with Addresses 1 through 6, the NT sends back an eoc frame with
the Hold State message and Address 0. The proper action for the NT in every case is
fully defined in "Mode of Operation," Section 2.2.3.1.3.2.

22415 Summary

The previously mentioned addressing scheme for assigning eoc addresses to
intermediate transmission elements of extended configurations allows maintenance
functions to be performed at each element, simplifying circuit provisioning and
minimizing network reconfiguration costs.

Figure 2.2.4-1 shows an example of a loopback request for Element 3 and the value of
the address field at different links in the circuit.

In using this addressing scheme, it is important for the network to be aware of the
exact configuration. Otherwise, the network may fail to address elements that are
present, or may attempt to address elements that are not present. In any case, by not
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having correct information about the configuration, the network may send and receive
data or issue commands that have entirely different meaning and/or results than
expected.

The network will become aware of the fact that it is addressing an intermediate
element beyond the last intermediate element in the configuration, because the NT
will reply with the 0 address and the Hold State message. However, if the actual
configuration has more elements than assumed by the network, none of the messages
sent by the network to intermediate addresses will result in a reply with a 0 address.

The NT response to messages it receives that are not addressed to it provides a means
of determining the correct configuration at any time. The determination is possible
because the network receives eoc frames with the Address 0 and the Hold State
message when it addresses a nonexistent element. For example, the correct eoc
configuration may be determined at any time by the network sending the Hold State
message with eoc address first set to 1, and then set to successively higher addresses
until Address 0 is returned in three consecutive identical eoc frames. This procedure
can eliminate confusion and assure accurate communication on the eoc channel in
those cases when record errors would have led to confusion. If record errors are a
problem, or changes of configuration are frequent, this procedure could be repeated
often enough to assure valid results of eoc transactions.

2.2.4.2 Supporting Information Relating to DC Metallic Termination
This section is not part of the specification — for information only.

This information is in addition to the requirements given in Table 2.2.2-1 and
"Metallic Termination," Section 2.2.2.5.2. Table 2.2.4-1 gives the AC characteristics of
an example DC metallic termination in the ON and OFF states, measured with the
transceiver disconnected.

Figure 2.2.4-2 provides a definition of activate and release time tests. Figure 2.2.4-2
(a) is to be used to test the nonactivate response time of the termination against
spurious noise signals. Laboratory test equipment shall source the test waveform
shown in the figure. The termination shall not respond to any test waveform that has
a duration t, less than 3.0 ms.

Figure 2.2.4-2 (b) is to be used to test the activate time of the termination with the
minimum office battery voltage of 43.5 volts. Laboratory test equipment shall source
the test waveform shown in the figure. The test waveform shall have a duration of
less than 2 seconds so that measurements will not be interfered with by protection
circuitry. The termination shall not respond to any test voltage that has a duration t,
less than 3.0 ms, and shall respond to a test voltage of duration greater than or equal
to 50.0 ms. Metallic termination turn-ON shall be complete within 50 ms of
application of the test voltage. After the transition, the fact that current exceeds the
curve for 11 ., in Figure 2.2.2-6 is an indication that the termination is ON.

Figure 2.2.4-2 (c) is to be used to test the release time of the termination when
operating at greater than or equal to 1.0 mA. Laboratory test equipment shall source
the test waveform shown in the figure. Transition to the OFF state shall not occur if t;
is less than 3.0 ms. Change of state shall be complete if the current remains below the
release current for more than 100 ms. The termination shall be considered OFF if the
current measured is less than or equal to 0.1 mA when the current source is reapplied
at t. greater than or equal to 100.0 ms and the voltage across the termination is less
than the minimum activate voltage of 30 volts.
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Figure 2.2.3-10 is an illustration of the DC characteristics of the NT.

Table 2.2.4-1 — AC Characteristics of the Metallic Termination

CHARACTERISTICS VALUES
AC Impedance 200 Hz — 40 kHz > 10 kohm
Nonlinearity (at 7 VPP) when terminated <-70 dB

with 67.5-ohm resistor (2000 Hz — 40 kHz)

Reference to High Voltage

Section 2.2.3.4

235-900-341
October 1999

435V Voltage Source
t Impedance: 200 - 4000 Q
a
20V +— ————
OFF
50 ms }
ov MEASURE
(a) Nonactivate Time Test Waveform
- Voltage Source
435V t b Impedance: 200 - 4000 Q
20V + ————
OFF 50 ms \
ov —
MEASURE
(b) Activate Time Test Waveform
e ON Current Source: MEASURE
1.0mA —
Voltage limited to 30 V ¢
te |
100 ms !
| *
Lo
0mA |

(c) Release Time Test Waveform

*When the termination turns OFF, the test system will not be able to source 1 mA through the termination
since the voltage is limited to 30 V.

Figure 2.2.4-2 — Definitions of Termination’s Activate and Release Times
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2.2.4.3 Primary Constants of Typical Telephone Cable

Tables 2.2.4-2, 2.2.4-3, 2.2.4-4, 2.2.4-5, 2.2.4-6, 2.2.4-7, 2.2.4-8, 2.2.4-9, 2.2.4-10,
2.2.4-11, 2.2.4-12, 2.2.4-13, 2.2.4-14, 2.2.4-15, 2.2.4-16, 2.2.4-17, 2.2.4-18, and 2.2.4-19
give primary constants for both polyethylene insulated cable (PIC) and PULP
insulated cable from 1 Hz to 5 MHz at 0° F, 70° F, and 120° F.
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Table 2.2.4-2 — 26 Gauge PIC Cable at 120° F

PRIMARY CONSTANTS 1 Hz to 5 MHz

FREQ (HZ) R (OHMS/MI) L (MHMI) G (MU-MHO/MI)  C (MU-F/MI)
1. 488.83 0.9935 0.000 0.08300
5. 488.83 0.9935 0.001 0.08300
10. 488.83 0.9935 0.002 0.08300
15. 488.83 0.9935 0.003 0.08300
20. 488.83 0.9935 0.004 0.08300
30. 488.83 0.9935 0.005 0.08300
50. 488.83 0.9935 0.008 0.08300
70. 488.83 0.9935 0.011 0.08300
100. 488.83 0.9935 0.016 0.08300
150. 488.83 0.9935 0.022 0.08300
200. 488.83 0.9934 0.028 0.08300
300. 488.84 0.9934 0.040 0.08300
500. 488.84 0.9933 0.063 0.08300
700. 488.85 0.9933 0.084 0.08300
1,000. 488.86 0.9932 0.115 0.08300
1,500. 488.89 0.9930 0.164 0.08300
2,000. 488.91 0.9928 0.210 0.08300
3,000. 488.97 0.9924 0.299 0.08300
5,000. 489.11 0.9917 0.466 0.08300
7,000. 489.26 0.9910 0.625 0.08300
10,000. 489.53 0.9899 0.853 0.08300
15,000. 490.07 0.9881 1.213 0.08300
20,000. 490.71 0.9863 1.558 0.08300
30,000. 492.30 0.9826 2.217 0.08300
50,000. 496.65 0.9733 3.458 0.08300
70,000. 502.51 0.9617 4.634 0.08300
100,000. 513.93 0.9502 6.320 0.08300
150,000. 536.26 0.9375 8.993 0.08300
200,000. 561.79 0.9281 11.550 0.08300
300,000. 622.63 0.9139 16.436 0.08300
500,000. 746.31 0.8910 25.633 0.08300
700,000. 862.21 0.8717 34.351 0.08300
1,000,000. 1013.99 0.8495 46.849 0.08300
1,500,000. 1222.70 0.8271 66.665 0.08300
2,000,000. 1398.54 0.8133 85.624 0.08300
3,000,000. 1693.35 0.7965 121.841 0.08300
5,000,000. 2160.47 0.7794 190.021 0.08300
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Table 2.2.4-3 — 26 Gauge Pulp Cable at 120° F

PRIMARY CONSTANTS 1 Hz to 5 MHz
FREQ (HZ) R (OHMS/MI) L (MH/MI) G (MU-MHO/MI)  C (MU-F/MI)

1. 488.83 0.9691 0.560 0.08300

5. 488.83 0.9691 0.566 0.08300

10. 488.83 0.9691 0.574 0.08300
15. 488.83 0.9691 0.582 0.08300
20. 488.83 0.9691 0.590 0.08300
30. 488.83 0.9691 0.606 0.08300
50. 488.83 0.9691 0.639 0.08300
70. 488.83 0.9691 0.672 0.08300
100. 488.83 0.9691 0.722 0.08300
150. 488.83 0.9690 0.808 0.08300
200. 488.83 0.9690 0.895 0.08300
300. 488.84 0.9690 1.076 0.08300
500. 488.85 0.9689 0.456 0.08300
700. 488.86 0.9688 0.860 0.08300
1,000. 488.87 0.9687 2.502 0.08300
1,500. 488.90 0.9684 3.655 0.08300
2,000. 488.93 0.9682 4.893 0.08300
3,000. 488.00 0.9678 7.575 0.08300
5,000. 489.15 0.9669 13.580 0.80300
7,000. 489.33 0.9660 20.237 0.08300
10,000. 489.63 0.9646 31.164 0.08300
15,000. 490.23 0.9624 51.321 0.08300
20,000. 490.94 0.9601 73.387 0.08300
30,000. 492.67 0.9556 121.941 0.08300
50,000. 497.33 0.9450 232.178 0.80300
70,000. 503.52 0.9336 355.449 0.80300
100,000. 515.44 0.9221 558.820 0.08300
150,000. 538.53 0.9092 935.452 0.08300
200,000. 564.72 0.8996 1348.793 0.08300
300,000. 626.65 0.8851 2259.977 0.08300
500,000. 752.12 0.8615 4332.104 0.08300
700,000. 869.26 0.8418 6651.430 0.08300
1,000,000. 1022.62 0.8190 10480.000 0.08300
1,500,000. 1233.50 0.7959 16181.359 0.08300
2,000,000. 1411.18 0.7817 22011.598 0.08300
3,000,000. 1709.05 0.7643 33940.115 0.08300
5,000,000. 2181.04 0.7463 58504.338 0.08300
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Table 2.2.4-4 — 26 Gauge PIC Cable at 70° F

PRIMARY CONSTANTS 1 Hz to 5 MHz
FREQ (HZ) R (OHMS/MI) L (MHMI) G (MU-MHO/MI)  C (MU-F/MI)

1. 440.75 0.9861 0.000 0.08300

5. 440.75 0.9861 0.001 0.08300

10. 440.75 0.9861 0.002 0.08300
15. 440.76 0.9861 0.003 0.08300
20. 440.76 0.9861 0.004 0.08300
30. 440.76 0.9861 0.005 0.08300
50. 440.76 0.9861 0.008 0.08300
70. 440.76 0.9861 0.011 0.08300
100. 440.76 0.9861 0.016 0.08300
150. 440.76 0.9861 0.022 0.08300
200. 440.76 0.9860 0.028 0.08300
300. 440.76 0.9660 0.040 0.08300
500. 440.77 0.9859 0.063 0.08300
700. 440.78 0.9859 0.084 0.08300
1,000. 440.79 0.9858 0.115 0.08300
1,500. 440.81 0.9856 0.164 0.08300
2,000. 440.83 0.9854 0.210 0.08300
3,000. 440.88 0.9850 0.299 0.08300
5,000. 441.01 0.9843 0.466 0.08300
7,000. 441.15 0.9836 0.625 0.08300
10,000. 441.39 0.9825 0.853 0.08300
15,000. 441.87 0.9807 1.213 0.08300
20,000. 442.88 0.9789 1.558 0.08300
30,000. 443.88 0.9753 2.217 0.08300
50,000. 447.81 0.9660 3.458 0.08300
70,000. 453.09 0.9546 4.634 0.08300
100,000. 463.39 0.9432 6.320 0.08300
150,000. 485.80 0.9306 8.993 0.08300
200,000. 513.04 0.9212 11.550 0.08300
300,000. 575.17 0.9062 16.436 0.08300
500,000. 699.61 0.8816 25.633 0.08300
700,000. 812.95 0.8614 34.351 0.08300
1,000,000. 956.65 0.8381 46.849 0.08300
1,500,000. 1154.38 0.8146 66.665 0.08300
2,000,000. 1321.07 0.8001 85.624 0.08300
3,000,000. 1600.68 0.7823 121.841 0.08300
5,000,000. 2044.07 0.7638 190.021 0.08300
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Table 2.2.4-5 — 26 Gauge Pulp Cable at 70° F

PRIMARY CONSTANTS 1 Hz to 5 MHz
FREQ (HZ) R (OHMS/MI) L (MHMI) G (MU-MHO/MI)  C (MU-F/MI)

1. 440.75 0.9619 0.560 0.08190

5. 440.75 0.9619 0.566 0.08185

10. 440.76 0.9619 0.574 0.08183
15. 440.76 0.9619 0.582 0.08181
20. 440.76 0.9619 0.590 0.08180
30. 440.76 0.9619 0.606 0.08178
50. 440.76 0.9619 0.639 0.08175
70. 440.76 0.9619 0.672 0.08173
100. 440.76 0.9619 0.722 0.08171
150. 440.76 0.9618 0.808 0.08168
200. 440.76 0.9618 0.895 0.08166
300. 440.76 0.9618 1.076 0.08162
500. 440.77 0.9617 1.456 0.08157
700. 440.78 0.9616 1.860 0.08154
1,000. 440.79 0.9615 2.502 0.08150
1,500. 440.82 0.9612 3.655 0.08145
2,000. 440.85 0.9610 4.893 0.08141
3,000. 440.91 0.9606 7.575 0.08135
5,000. 441.05 0.9597 13.580 0.08127
7,000. 441.21 0.9588 20.237 0.08121
10,000. 441.48 0.9574 31.164 0.08114
15,000. 441.02 0.9552 51.321 0.08106
20,000. 442 .66 0.9530 73.387 0.08099
30,000. 443.22 0.9485 121.941 0.08089
50,000. 447.42 0.9380 232.178 0.08075
70,000. 454.00 0.9266 355.449 0.08065
100,000. 464.75 0.9153 358.820 0.08053
150,000. 487.85 0.9025 935.452 0.08038
200,000. 515.72 0.8930 1348.793 0.08027
300,000. 578.88 0.8776 2259.977 0.08010
500,000. 705.05 0.8524 4332.104 0.07986
700,000. 819.59 0.8318 6651.430 0.07986
1,000,000. 964.79 0.8080 10480.000 0.07986
1,500,000. 1164.58 0.7840 16181.359 0.07986
2,000,000. 1333.00 0.7690 22011.598 0.07986
3,000,000. 1615.52 0.7506 33940.115 0.07986
5,000,000. 2063.53 0.7314 58504.338 0.07986
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Table 2.2.4-6 — 26 Gauge PIC Cable at 0° F

PRIMARY CONSTANTS 1 Hz to 5 MHz
FREQ (HZ) R (OHMS/MI) L (MHMI) G (MU-MHO/MI)  C (MU-F/MI)

1. 373.45 0.9758 0.000 0.08300

5. 373.45 0.9758 0.001 0.08300

10. 373.45 0.9758 0.002 0.08300
15. 373.45 0.9758 0.003 0.08300
20. 373.45 0.9758 0.004 0.08300
30. 373.45 0.9758 0.005 0.08300
50. 373.45 0.8756 0.008 0.08300
70. 373.45 0.9755 0.011 0.08300
100. 373.45 0.9754 0.016 0.08300
150. 373.45 0.9752 0.022 0.08300
200. 373.46 0.9751 0.028 0.08300
300. 373.46 0.9747 0.040 0.08300
500. 373.46 0.9740 0.063 0.08300
700. 373.47 0.9733 0.084 0.08300
1,000. 373.48 0.9722 0.115 0.08300
1,500. 373.50 0.9704 0.164 0.08300
2,000. 373.52 0.9687 0.210 0.08300
3,000. 373.56 0.9651 0.299 0.08300
5,000. 373.67 0.9559 0.466 0.08300
7,000. 373.78 0.9446 0.625 0.08300
10,000. 373.99 0.9333 0.853 0.08300
15,000. 374.40 0.9208 1.213 0.08300
20,000. 374.89 0.9115 1.558 0.08300
30,000. 376.10 0.8955 2.217 0.08300
50,000. 379.43 0.8685 3.458 0.08300
70,000. 383.91 0.8468 4.634 0.08300
100,000. 392.63 0.9333 6.320 0.08300
150,000. 415.15 0.9208 8.993 0.08300
200,000. 444.79 0.9115 11.550 0.08300
300,000. 508.72 0.8955 16.436 0.08300
500,000. 634.23 0.8685 25.633 0.08300
700,000. 743.98 0.8468 34.351 0.08300
1,000,000. 876.38 0.8222 46.849 0.08300
1,500,000. 1058.74 0.7972 66.665 0.08300
2,000,000. 1212.60 0.7816 85.624 0.08300
3,000,000. 1470.94 0.7624 121.841 0.08300
5,000,000. 1881.11 0.7420 190.021 0.08300
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Table 2.2.4-7 — 26 Gauge Pulp Cable at 0° F

PRIMARY CONSTANTS 1 Hz to 5 MHz
FREQ (HZ) R (OHMS/MI) L (MHMI) G (MU-MHO/MI)  C (MU-F/MI)

1. 373.45 0.9518 0.560 0.08190

5. 373.45 0.9618 0.566 0.08185

10. 373.45 0.9518 0.574 0.08183
15. 373.45 0.9518 0.582 0.08181
20. 373.45 0.9518 0.590 0.08180
30. 373.45 0.9518 0.606 0.08178
50. 373.45 0.9518 0.639 0.08175
70. 373.45 0.9518 0.672 0.08173
100. 373.45 0.9518 0.722 0.08171
150. 373.46 0.9517 0.808 0.08168
200. 373.46 0.9517 0.895 0.08166
300. 373.46 0.9517 1.076 0.08162
500. 373.47 0.9516 1.456 0.08157
700. 363.47 0.9515 1.860 0.08154
1,000. 373.49 0.9514 2.502 0.08150
1,500. 373.51 0.9511 3.655 0.08145
2,000. 373.53 0.9509 4.893 0.08141
3,000. 373.58 0.9505 7.575 0.08135
5,000. 373.70 0.9496 13.580 0.08127
7,000. 373.84 0.9487 20.237 0.08121
10,000. 374.07 0.9474 31.164 0.08114
15,000. 374.53 0.9452 51.321 0.08106
20,000. 375.07 0.9430 73.387 0.08099
30,000. 376.39 0.9385 121.941 0.08089
50,000. 379.95 0.9281 232.178 0.08075
70,000. 384.68 0.9169 355.449 0.08065
100,000. 393.78 0.9056 558.820 0.08053
150,000. 416.90 0.8930 935.452 0.08038
200,000. 447.11 0.8336 1348.793 0.08027
300,000. 512.01 0.8672 2259.977 0.08010
500,000. 639.17 0.8397 4332.104 0.07986
700,000. 750.06 0.8177 6651.430 0.07986
1,000,000. 883.84 0.7927 10480.000 0.07986
1,500,000. 1068.09 0.7672 16181.359 0.07986
2,000,000. 1223.55 0.7512 22011.598 0.07986
3,000,000. 1484.58 0.7315 33940.115 0.07986
5,000,000. 1899.02 0.7105 58504.338 0.07986
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Table 2.2.4-8 — 24 Gauge PIC Cable at 120° F

PRIMARY CONSTANTS 1 Hz to 5 MHz
FREQ (HZ) R (OHMS/MI) L (MH/MI) G (MU-MHO/MI)  C (MU-F/MI)

1. 307.43 0.9935 0.000 0.08300

5. 307.43 0.9935 0.001 0.08300

10. 307.43 0.9935 0.002 0.08300

15. 307.43 0.9935 0.003 0.08300
20. 307.43 0.9935 0.004 0.08300

30. 307.43 0.9935 0.005 0.08300

50. 307.43 0.9935 0.008 0.08300
70. 307.43 0.9935 0.011 0.08300
100. 307.43 0.9935 0.016 0.08300
150. 307.43 0.9934 0.022 0.08300
200. 307.43 0.9934 0.028 0.08300
300. 307.43 0.9934 0.040 0.08300
500. 307.44 0.9933 0.063 0.08300
700. 307.45 0.9932 0.084 0.08300
1,000. 307.47 0.9931 0.115 0.08300
1,500. 307.49 0.9928 0.164 0.08300
2,000. 307.52 0.9926 0.210 0.08300
3,000. 307.59 0.9921 0.299 0.08300
5,000. 307.75 0.9912 0.466 0.08300
7,000. 307.94 0.9903 0.625 0.08300
10,000. 308.27 0.9889 0.853 0.08300
15,000. 308.97 0.9866 1.213 0.08300
20,000. 309.82 0.9843 1.558 0.08300
30,000. 311.98 0.9796 2.217 0.08300
50,000. 318.10 0.9649 3.458 0.08300
70,000. 326.39 0.9535 4.634 0.08300
100,000. 339.90 0.9417 6.320 0.08300
150,000. 367.43 0.9273 8.993 0.08300
200,000. 398.81 0.9166 11.550 0.08300
300,000. 460.98 0.8978 16.436 0.08300
500,000. 574.39 0.8678 25.633 0.08300
700,000. 669.84 0.8467 34.351 0.08300
1,000,000. 790.12 0.8273 46.849 0.08300
1,500,000. 955.50 0.8084 66.665 0.08300
2,000,000. 1094.84 0.7970 85.624 0.08300
3,000,000. 1328.44 0.7831 121.841 0.08300
5,000,000. 1698.58 0.7729 190.021 0.08300
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Table 2.2.4-9 — 24 Gauge Pulp Cable at 120° F

PRIMARY CONSTANTS 1 Hz to 5 MHz
FREQ (HZ) PR (OHMS/MI) L (MH/MI) G (MU-MHO/MI)  C (MU-F/MI)

1. 307.43 0.9300 0.560 0.08540

5. 307.43 0.9300 0.566 0.08535

10. 307.43 0.9300 0.574 0.08533
15. 307.43 0.9300 0.582 0.08531
20. 307.43 0.9300 0.590 0.08530
30. 307.43 0.9300 0.606 0.08528
50. 307.43 0.9299 0.639 0.08525
70. 307.43 0.9299 0.672 0.08523
100. 307.43 0.9299 0.722 0.08521
150. 307.43 0.9299 0.808 0.08518
200. 307.44 0.9298 0.895 0.08516
300. 307.44 0.9297 1.076 0.08512
500. 307.45 0.9296 1.456 0.08507
700. 307.47 0.9294 1.860 0.08504
1,000. 307.49 0.9292 2.502 0.08500
1,500. 307.53 0.9288 3.655 0.08495
2,000. 307.57 0.9284 4.893 0.08491
3,000. 307.67 0.9276 7.575 0.08485
5,000. 307.89 0.9260 13.580 0.08477
7,000. 308.14 0.9245 20.237 0.08471
10,000. 308.57 0.9221 31.164 0.08464
15,000. 309.44 0.9181 51.321 0.08456
20,000. 310.48 0.9141 73.387 0.08449
30,000. 313.05 0.9061 121.941 0.08439
50,000. 320.02 0.8904 232.178 0.08425
70,000. 329.14 0.8795 335.449 0.08415
100,000. 343.77 0.8678 558.820 0.08403
150,000. 372.85 0.8531 935.452 0.08300
200,000. 405.52 0.8420 1348.793 0.08377
300,000. 469.90 0.8223 2259.977 0.08360
500,000. 586.42 0.7908 4332.104 0.08336
700,000. 684.39 0.7686 6651.430 0.08336
1,000,000. 807.82 0.7479 10480.000 0.08336
1,500,000. 977.55 0.7275 16181.359 0.08336
2,000,000. 1120.56 0.7148 22011.598 0.08336
3,000,000. 1360.30 0.6992 33940.115 0.08336
5,000,000. 1740.17 0.6864 58504.338 0.08336
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Table 2.2.4-10 — 24 Gauge PIC Cable at 70° F

PRIMARY CONSTANTS 1 Hz to 5 MHz
FREQ (HZ) R (OHMS/MI) L (MHMI) G (MU-MHO/MI)  C (MU-F/MI)

1. 277.19 0.9861 0.000 0.08300

5. 277.19 0.9861 0.001 0.08300

10. 277.19 0.9861 0.002 0.08300
15. 277.19 0.9861 0.003 0.08300
20. 277.19 0.9861 0.004 0.08300
30. 277.19 0.9861 0.005 0.08300
50. 277.19 0.9861 0.008 0.08300
70. 277.19 0.9861 0.011 0.08300
100. 277.19 0.9861 0.016 0.08300
150. 277.20 0.9860 0.022 0.08300
200. 277.20 0.9860 0.028 0.08300
300. 277.20 0.9860 0.040 0.08300
500. 277.21 0.9859 0.063 0.08300
700. 277.22 0.9858 0.084 0.08300
1,000. 277.23 0.9857 0.115 0.08300
1,500. 277.25 0.9854 0.164 0.08300
2,000. 277.28 0.9852 0.210 0.08300
3,000. 277.34 0.9848 0.299 0.08300
5,000. 277.48 0.9839 0.466 0.08300
7,000. 277.66 0.9829 0.625 0.08300
10,000. 277.96 0.9816 0.853 0.08300
15,000. 278.58 0.9793 1.213 0.08300
20,000. 279.35 0.9770 1.558 0.08300
30,000. 281.30 0.9723 2.217 0.08300
50,000. 286.82 0.9577 3.458 0.08300
70,000. 294.29 0.9464 4.634 0.08300
100,000. 308.41 0.9347 6.320 0.08300
150,000. 337.22 0.9204 8.993 0.08300
200,000. 369.03 0.9087 11.550 0.08300
300,000. 431.55 0.8885 16.436 0.08300
500,000. 541.69 0.8570 25.633 0.08300
700,000. 632.08 0.8350 34.351 0.08300
1,000,000. 746.04 0.8146 46.849 0.08300
1,500,000. 902.84 0.7947 66.665 0.08300
2,000,000. 1035.03 0.7825 85.624 0.08300
3,000,000. 1256.77 0.7676 121.841 0.08300
5,000,000. 1608.38 0.7523 190.021 0.08300
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Table 2.2.4-11 — 24 Gauge Pulp Cable at 70°F

PRIMARY CONSTANTS 1 Hz to 5 MHz
FREQ (HZ) R (OHMS/MI) L (MH/MI) G (MU-MHO/MI)  C (MU-F/MI)

1. 277.19 0.9231 0.560 0.08540

5. 277.19 0.9231 0.566 0.08535

10. 277.19 0.9231 0.574 0.08533
15. 277.19 0.9230 0.582 0.08531
20. 277.19 0.9230 0.590 0.08530
30. 277.19 0.9230 0.606 0.08528
50. 277.19 0.9230 0.639 0.08525
70. 277.20 0.9230 0.672 0.08523
100. 277.20 0.9230 0.722 0.08521
150. 277.20 0.9229 0.808 0.08518
200. 277.20 0.9229 0.895 0.08516
300. 277.21 0.9228 1.076 0.08512
500. 277.22 0.9227 1.456 0.08507
700. 277.23 0.9225 1.860 0.08504
1,000. 277.25 0.9223 2.502 0.08500
1,500. 277.29 0.9219 3.655 0.08495
2,000. 277.32 0.9215 4.893 0.08491
3,000. 277.41 0.9207 7.575 0.08485
5,000. 277.61 0.9192 13.580 0.08477
7,000. 277.83 0.9176 20.237 0.08471
10,000. 278.23 0.9152 31.164 0.08464
15,000. 279.01 0.9113 51.321 0.08456
20,000. 279.95 0.9073 73.387 0.08449
30,000. 282.27 0.8993 121.941 0.08439
50,000. 288.54 0.8837 232.178 0.08425
70,000. 296.77 0.8729 355.449 0.08415
100,000. 311.93 0.8613 558.820 0.08403
150,000. 342.29 0.8468 935.452 0.08388
200,000. 375.24 0.8348 1348.793 0.08377
300,000. 439.90 0.8138 2259.977 0.08360
500,000. 553.04 0.7810 4332.104 0.08336
700,000. 645.81 0.7579 6651.430 0.08336
1,000,000. 762.77 0.7364 10480.000 0.08336
1,500,000. 923.69 0.7151 16181.359 0.08336
2,000,000. 1059.34 0.7018 22011.598 0.08336
3,000,000. 1286.91 0.6854 33940.115 0.08336
5,000,000. 1647.76 0.6681 58504.338 0.08336
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Table 2.2.4-12 — 24 Gauge PIC Cable at 0° F

PRIMARY CONSTANTS 1 Hz to 5 MHz
FREQ (HZ) R (OHMS/MI) L (MH/MI) G (MU-MHO/MI)  C (MU-F/MI)

1. 234.87 0.9758 0.000 0.08300

5. 234.87 0.9758 0.001 0.08300

10. 234.87 0.9758 0.002 0.08300
15. 234.87 0.9758 0.003 0.08300
20. 234.87 0.9758 0.004 0.08300
30. 234.87 0.9758 0.005 0.08300
50. 234.87 0.9757 0.008 0.08300
70. 234.87 0.9757 0.011 0.08300
100. 234.87 0.9757 0.016 0.08300
150. 234.87 0.9757 0.022 0.08300
200. 234.87 0.9757 0.028 0.08300
300. 234.87 0.9756 0.040 0.08300
500. 234.88 0.9755 0.063 0.08300
700. 234.89 0.9755 0.084 0.08300
1,000. 234.90 0.9753 0.115 0.08300
1,500. 234.92 0.9751 0.164 0.08300
2,000. 234.94 0.9749 0.210 0.08300
3,000. 234.99 0.9744 0.299 0.08300
5,000. 235.11 0.9735 0.466 0.08300
7,000. 235.26 0.9726 0.625 0.08300
10,000. 235.51 0.9713 0.853 0.08300
15,000. 236.04 0.9690 1.213 0.08300
20,000. 236.69 0.9667 1.558 0.08300
30,000. 238.35 0.9621 2.217 0.08300
50,000. 243.02 0.9476 3.458 0.08300
70,000. 249.35 0.9365 4.634 0.08300
100,000. 264.34 0.9249 6.320 0.08300
150,000. 294.92 0.9107 8.993 0.08300
200,000. 327.32 0.8976 11.550 0.08300
300,000. 390.34 0.8756 16.436 0.08300
500,000. 495.92 0.8419 25.633 0.08300
700,000. 579.22 0.8186 34.351 0.08300
1,000,000. 684.34 0.7969 46.849 0.08300
1,500,000. 829.13 0.7756 66.665 0.08300
2,000,000. 951.29 0.7623 85.624 0.08300
3,000,000. 1156.42 0.7459 121.841 0.08300
5,000,000. 1482.09 0.7235 190.021 0.08300
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Table 2.2.4-13 — 24 Gauge Pulp Cable at 0° F

PRIMARY CONSTANTS 1 Hz to 5 MHz
FREQ (HZ) R (OHMS/MI) L (MH/MI) G (MU-MHO/MI)  C (MU-F/MI)

1. 234.87 0.9134 0.560 0.08540

5. 234.87 0.9134 0.566 0.08535

10. 234.87 0.9134 0.574 0.08533
15. 234.87 0.9134 0.582 0.08531
20. 234.87 0.9134 0.590 0.08530
30. 234.87 0.9133 0.606 0.08528
50. 234.87 0.9133 0.639 0.08525
70. 234.87 0.9133 0.672 0.08523
100. 234.87 0.9133 0.722 0.08521
150. 234.87 0.9133 0.808 0.08518
200. 234.87 0.9132 0.895 0.08516
300. 234.88 0.9131 1.076 0.08512
500. 234.89 0.9130 1.456 0.08507
700. 234.90 0.9128 1.860 0.08504
1,000. 234.91 0.9126 2.502 0.08500
1,500. 234.94 0.9122 3.655 0.08495
2,000. 234.98 0.9118 4.893 0.08491
3,000. 235.05 0.9111 7.575 0.08485
5,000. 235.22 0.9095 13.580 0.08477
7,000. 235.41 0.9080 20.237 0.08471
10,000. 235.74 0.9056 31.164 0.08464
15,000. 236.41 0.9017 51.321 0.08456
20,000. 237.20 0.8978 73.387 0.08449
30,000. 239.16 0.8899 121.941 0.08439
50,000. 244.48 0.8745 232.178 0.08425
70,000. 251.45 0.8638 355.449 0.08415
100,000. 267.34 0.8523 558.820 0.08403
150,000. 299.27 0.8379 935.452 0.08388
200,000. 332.83 0.8246 1348.793 0.08377
300,000. 397.89 0.8019 2259.977 0.08360
500,000. 506.31 0.7672 4332.104 0.08336
700,000. 591.80 0.7431 6651.430 0.08336
1,000,000. 699.68 0.7204 10480.000 0.08336
1,500,000. 848.27 0.6979 16181.359 0.08336
2,000,000. 973.64 0.6837 22011.598 0.08336
3,000,000. 1184.15 0.6660 33940.115 0.08336
5,000,000. 1518.38 0.6425 58504.338 0.08336
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Table 2.2.4-14 — 22 Gauge PIC Cable at 120° F

PRIMARY CONSTANTS 1 Hz to 5 MHz
FREQ (HZ) R (OHMS/MI) L (MHMI) G (MU-MHO/MI)  C (MU-F/MI)

1. 193.28 0.9935 0.000 0.08300

5. 193.28 0.9935 0.001 0.08300

10. 193.28 0.9935 0.001 0.08300
15. 193.28 0.9935 0.001 0.08300
20. 193.28 0.9935 0.002 0.08300
30. 193.28 0.9935 0.003 0.08300
50. 193.28 0.9935 0.005 0.08300
70. 193.28 0.9935 0.006 0.08300
100. 193.28 0.9935 0.009 0.08300
150. 193.28 0.9934 0.013 0.08300
200. 193.28 0.9934 0.017 0.08300
300. 193.29 0.9934 0.024 0.08300
500. 193.29 0.9932 0.040 0.08300
700. 193.30 0.9931 0.054 0.08300
1,000. 193.32 0.9930 0.076 0.08300
1,500. 193.35 0.9927 0.110 0.08300
2,000. 193.39 0.9924 0.145 0.08300
3,000. 193.47 0.9918 0.211 0.08300
5,000. 193.66 0.9906 0.341 0.08300
7,000. 193.90 0.9895 0.467 0.08300
10,000. 194.33 0.9877 0.652 0.08300
15,000. 195.26 0.9847 0.954 0.08300
20,000. 196.43 0.9817 1.248 0.08300
30,000. 199.48 0.9744 1.824 0.08300
50,000. 208.10 0.9562 2.943 0.08300
70,000. 217.24 0.9443 4.032 0.08300
100,000. 234.48 8.9309 5.630 0.08300
150,000. 266.20 0.9141 8.229 0.08300
200,000. 296.40 0.8993 10.772 0.08300
300,000. 353.55 0.8749 15.744 0.08300
500,000. 446.65 0.8430 25.396 0.08300
700,000. 522.27 0.8252 34.796 0.08300
1,000,000. 617.56 0.8090 48.587 0.08300
1,500,000. 748.59 0.7933 71.014 0.08300
2,000,000. 858.98 0.7838 92.958 0.08300
3,000,000. 1044.05 0.7759 135.865 0.08300
5,000,000. 1337.29 0.7685 219.158 0.08300
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Table 2.2.4-15 — 22 Gauge Pulp Cable at 120° F

PRIMARY CONSTANTS 1 Hz to 5 MHz
FREQ (HZ) R (OHMS/MI) L (MH/MI) G (MU-MHO/MI)  C(MU-F/MI)

1. 193.28 0.9201 0.560 0.08540

5. 193.28 0.9201 0.566 0.08535

10. 193.28 0.9201 0.574 0.08533
15. 193.28 0.9201 0.582 0.08531
20. 193.28 0.9201 0.590 0.08530
30. 193.28 0.9201 0.606 0.08528
50. 193.28 0.9201 0.639 0.08525
70. 193.28 0.9200 0.672 0.08523
100. 193.28 0.9200 0.722 0.08521
150. 193.28 0.9200 0.808 0.08518
200. 193.29 0.9199 0.895 0.08516
300. 193.29 0.9198 1.076 0.08512
500. 193.31 0.9196 1.456 0.08507
700. 193.32 0.9194 1.860 0.08504
1,000. 193.35 0.9190 2.502 0.08500
1,500. 193.40 0.9185 3.655 0.08495
2,000. 193.45 0.9180 4.893 0.08491
3,000. 193.56 0.9169 7.575 0.08485
5,000. 193.83 0.9147 13.580 0.08477
7,000. 194.15 0.9126 20.237 0.08471
10,000. 194.71 0.9093 31.164 0.08464
15,000. 195.85 0.9038 51.321 0.08456
20,000. 197.26 0.8983 73.387 0.08449
30,000. 200.80 0.8871 121.941 0.08439
50,000. 210.36 0.8702 232.178 0.08425
70,000. 220.31 0.8587 355.449 0.08415
100,000. 238.57 0.8454 558.820 0.08403
150,000. 271.68 0.8280 935.452 0.08388
200,000. 303.09 0.8127 1348.793 0.08377
300,000. 361.99 0.7871 2259.977 0.08360
500,000. 457.89 0.7535 4332.104 0.08336
700,000. 535.80 0.7344 6651.430 0.08336
1,000,000. 633.96 0.7166 10480.000 0.08336
1,500,000. 768.93 0.6991 16181.359 0.08336
2,000,000. 882.64 0.6883 22011.598 0.08336
3,000,000. 1073.29 0.6779 33940.115 0.08336
5,000,000. 1375.35 0.6674 58504.338 0.08336
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Table 2.2.4-16 — 22 Gauge PIC Cable at 70° F

PRIMARY CONSTANTS 1 Hz to 5 MHz
FREQ (HZ) R (OHMS/MI) L (MH/MI) G (MU-MHO/MI)  C (MU-F/MI)

1. 174.27 0.9861 0.000 0.08300

5. 174.27 0.9861 0.001 0.08300

10. 174.27 0.9861 0.001 0.08300
15. 174.27 0.9861 0.001 0.08300
20. 174.27 0.9861 0.002 0.08300
30. 174.27 0.9861 0.003 0.08300
50. 174.27 0.9861 0.005 0.08300
70. 174.27 0.9861 0.006 0.08300
100. 174.27 0.9861 0.009 0.08300
150. 174.27 0.9860 0.013 0.08300
200. 174.27 0.9860 0.017 0.08300
300. 174.28 0.9860 0.024 0.08300
500. 174.29 0.9858 0.040 0.08300
700. 174.29 0.9857 0.054 0.08300
1,000. 174.31 0.9856 0.076 0.08300
1,500. 174.34 0.9853 0.110 0.08300
2,000. 174.37 0.9850 0.145 0.08300
3,000. 174.44 0.9844 0.211 0.08300
5,000. 174.62 0.9833 0.341 0.08300
7,000. 174.83 0.9821 0.467 0.08300
10,000. 175.22 0.9804 0.652 0.08300
15,000. 176.06 0.9778 0.954 0.08300
20,000. 177.11 0.9744 1.248 0.08300
30,000. 179.86 0.9672 1.824 0.08300
50,000. 187.64 0.9491 2.943 0.08300
70,000. 197.71 0.9372 4.032 0.08300
100,000. 215.55 0.9237 5.630 0.08300
150,000. 247.57 0.9055 8.229 0.08300
200,000. 277.95 0.8898 10.772 0.08300
300,000. 333.39 0.8642 15.744 0.08300
500,000. 421.57 0.8309 25.396 0.08300
700,000. 493.24 0.8123 34.796 0.08300
1,000,000. 583.59 0.7950 48.587 0.08300
1,500,000. 707.91 0.7783 71.014 0.08300
2,000,000. 812.72 0.7681 92.958 0.08300
3,000,000. 988.53 0.7557 135.865 0.08300
5,000,000. 1267.31 0.7429 219.158 0.08300
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Table 2.2.4-17 — 22 Gauge Pulp Cable at 70°F

PRIMARY CONSTANTS 1 Hz to 5 MHz
FREQ (HZ) R (OHMS/MI) L (MH/MI) G (MU-MHO/MI)  C (MU-F/MI)

1. 174.27 0.9133 0.560 0.08540

5. 174.27 0.9133 0.566 0.08535

10. 174.27 0.9133 0.574 0.08533
15. 174.27 0.9133 0.582 0.08531
20. 174.27 0.9132 0.590 0.08530
30. 174.27 0.9132 0.606 0.08528
50. 174.27 0.9132 0.639 0.08525
70. 174.27 0.9132 0.672 0.08523
100. 174.27 0.9132 0.722 0.08521
150. 174.28 0.9131 0.808 0.08518
200. 174.28 0.9131 0.895 0.08516
300. 174.28 0.9130 1.076 0.08512
500. 174.30 0.9127 1.456 0.08507
700. 174.31 0.9125 1.860 0.08504
1,000. 174.33 0.9122 2.502 0.08500
1,500. 174.38 0.9117 3.655 0.08495
2,000. 174.42 0.9111 4.893 0.08491
3,000. 174.53 0.9101 7.575 0.08485
5,000. 174.77 0.9079 13.580 0.08477
7,000. 175.05 0.9058 20.237 0.08471
10,000. 175.56 0.9025 31.164 0.08464
15,000. 176.59 0.8971 51.321 0.08456
20,000. 177.86 0.8916 73.387 0.08449
30,000. 181.05 0.8805 121.941 0.08439
50,000. 189.68 0.8637 232.178 0.08425
70,000. 200.51 0.8523 355.449 0.08415
100,000. 219.32 0.8309 558.820 0.08403
150,000. 252.66 0.8203 935.452 0.08388
200,000. 284.22 0.8041 1348.793 0.08377
300,000. 341.35 0.7775 2259.977 0.08360
500,000. 432.18 0.7427 4332.104 0.08336
700,000. 506.01 0.7229 6651.430 0.08336
1,000,000. 599.08 0.7043 10480.000 0.08336
1,500,000. 727.15 0.6859 16181.359 0.08336
2,000,000. 835.11 0.6745 22011.598 0.08336
3,000,000. 1016.21 0.6603 33940.115 0.08336
5,000,000. 1303.38 0.6452 58504.338 0.08336
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Table 2.2.4-18 — 22 Gauge PIC Cable at 0° F

PRIMARY CONSTANTS 1 Hz to 5 MHz
FREQ (HZ) R (OHMS/MI) L (MH/MI) G (MU-MHO/MI)  C (MU-F/MI)

1. 147.66 0.9758 0.000 0.08300

5. 147.66 0.9758 0.001 0.08300

10. 147.66 0.9758 0.001 0.08300
15. 147.66 0.97587 0.001 0.08300
20. 147.66 0.9758 0.002 0.08300
30. 147.66 0.9758 0.003 0.08300
50. 147.66 0.9758 0.005 0.08300
70. 147.66 0.9757 0.006 0.08300
100. 147.66 0.9757 0.009 0.08300
150. 147.66 0.9757 0.013 0.08300
200. 147.66 0.9757 0.017 0.08300
300. 147.67 0.9756 0.024 0.08300
500. 147.67 0.9755 0.040 0.08300
700. 147.68 0.9754 0.054 0.08300
1,000. 147.69 0.9752 0.076 0.08300
1,500. 147.72 0.9749 0.110 0.08300
2,000. 147.74 0.9747 0.145 0.08300
3,000. 147.80 0.9741 0.211 0.08300
5,000. 147.95 0.9729 0.341 0.08300
7,000. 148.13 0.9718 0.467 0.08300
10,000. 148.47 0.9701 0.652 0.08300
15,000. 149.17 0.9671 0.954 0.08300
20,000. 150.07 0.9642 1.248 0.08300
30,000. 152.39 0.9570 1.824 0.08300
50,000. 158.98 0.9391 2.943 0.08300
70,000. 170.37 0.9274 4.032 0.08300
100,000. 189.06 0.9137 5.630 0.08300
150,000. 221.40 0.8935 8.229 0.08300
200,000. 252.11 0.8765 10.772 0.08300
300,000. 305.18 0.8492 15.744 0.08300
500,000. 386.45 0.8140 25.396 0.08300
700,000. 452.58 0.7941 34.796 0.08300
1,000,000. 536.03 0.7756 48.587 0.08300
1,500,000. 650.97 0.7574 71.014 0.08300
2,000,000. 747.95 0.7460 92.958 0.08300
3,000,000. 910.79 0.7275 135.865 0.08300
5,000,000. 1169.33 0.7071 219.158 0.08300
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Table 2.2.4-19 — 22 Gauge Pulp Cable at 0° F

PRIMARY CONSTANTS 1 Hz to 5 MHz
FREQ (HZ) R (OHMS/MI) L (MH/MI) G (MU-MHO/MI)  C (MU-F/MI)

1. 147.66 0.9037 0.560 0.08540

5. 147.66 0.9037 0.566 0.08535

10. 147.66 -0.9037 0.574 0.08533
15. 147.66 0.9037 0.582 0.08531
20. 147.66 0.9037 0.590 0.08530
30. 147.66 0.9037 0.606 0.08528
50. 147.66 0.9036 0.639 0.08525
70. 147.66 0.9036 0.672 0.08523
100. 147.66 0.9036 0.722 0.08521
150. 147.66 0.9035 0.808 0.08518
200. 147.67 0.9035 0.895 0.08516
300. 147.67 0.9034 1.076 0.08512
500. 147.68 0.9032 1.456 0.08507
700. 147.69 0.9029 1.860 0.08504
1,000. 147.71 0.9026 2.502 0.08500
1,500. 147.75 0.9021 3.655 0.08495
2,000. 147.79 0.9016 4.893 0.08491
3,000. 147.88 0.9005 7.575 0.08485
5,000. 148.08 0.8984 13.580 0.08477
7,000. 148.32 0.8963 20.237 0.08471
10,000. 148.75 0.8931 31.164 0.08464
15,000. 149.63 0.8877 51.321 0.08456
20,000. 150.70 0.8822 73.387 0.08449
30,000. 153.40 0.8712 121.941 0.08439
50,000. 160.71 0.8547 232.178 0.08425
70,000. 172.78 0.8434 355.449 0.08415
100,000. 192.36 0.8298 558.820 0.08403
150,000. 226.04 0.8094 935.452 0.08388
200,000. 257.80 0.7921 1348.793 0.08377
300,000. 312.47 0.7640 2259.977 0.08360
500,000. 396.18 0.7276 4332.104 0.08336
700,000. 464.30 0.7067 6651.430 0.08336
1,000,000. 550.26 0.6871 10480.000 0.08336
1,500,000. 668.65 0.6675 16181.359 0.08336
2,000,000. 768.55 0.6551 22011.598 0.08336
3,000,000. 936.29 0.6357 33940.115 0.08336
5,000,000. 1202.61 0.6141 58504.338 0.08336
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2.2.4.4 Optional Powering Across the Interface
This section is not part of the specification — for information only.

In some configurations a power source common to multiple NTs may be desirable. For
example, in Figure 2.2.4-3, multiple NTs are connected to a cross-connect field located
in a remote wiring closet. For configurations in which a common powering source is
desirable, optional powering across the interface (if provided) shall be provided using
Contacts 7 and 8 of the connector specified in "Connector," Section 2.2.1.5.2. If backup
battery is provided, its status shall be provided by the common power source to the
NT on an optional basis using Contacts 1 and 2 of the connector specified in
"Connector," Section 2.2.1.5.2.

The power source should provide a nominal 48 volts DC. The maximum voltage of the
power source (if provided) shall be 56.5 volts, and the minimum voltage shall be high
enough to assure a minimum of 32 volts at the inputs of the NTs. The polarity of the
voltage shall be minus at Contact 7 and plus at contact 8. When this power source is
not floating, the polarity of the voltage with reference to ground shall be negative.
Secondary power (if provided) from the common power source should indicate when
the restricted power condition is entered by reversing polarity as described in Section
10.2 of T1.605 and "Wiring Polarity Integrity," Section 2.2.1.5.1.

Secondary power (if provided) by the common power source should support proactive
maintenance by providing backup battery status to an NT, with the following
characteristics:

» Battery status is indicated on pins 1 and 2 as:

— ON state - good battery, a unidirectional current from the common power
source of 1.0 to 10.0 mA and with a resistance greater than 100 kohms in the
reverse direction. The maximum voltage across the unidirectional device when
indicating good battery should be less than 2.0 volts.

— OFF state (greater than 100 kohms) - battery not provided, marginal, or status
not available.

* Pins 1 and 2 are designated as:
— Pin 1 - Positive,
— Pin 2 - Negative.

e Battery monitoring using this mechanism is optional. In general, it will not be
necessary to provide battery status information to all NTs connected to the
common power supply. One or two of the NTs may be designated to monitor the
common power supply.

» If battery monitoring capability is not provided at the NT, the ps, bit should be set
to 0 in the M-channel toward the network (see "Superframes,” Section 2.2.1.7.2.6,
"NT Power Status (ps) Bits," Section 2.2.3.1.2.4, Figure 2.2.1-14, and Table
2.2.3-1).
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Figure 2.2.4-3 — NT Wiring Configuration
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3. DATA LINK LAYER

This specification defines the frame structure, elements of procedure, format of fields,
and procedures for the proper operation of the Link Access Procedure on the
D-channel, LAPD. It is based on ITU-TS Recommendation Q.921, ISDN User-Network
Interface Data Link Layer Specification.

The concepts, terminology, overview description of LAPD functions and procedures,
and the relationship with other recommendations are described in general terms in
ITU-TS Recommendation Q.920 (1.440), "ISDN User-Network Interface Data Link
Layer—General Aspects."

Note 1. As stated in Recommendation Q.920 (1.440), the term "data link layer” is
used in the main text of this specification. However, mainly in figures and tables, the
terms "Layer 2" and "L2" are used as abbreviations. Furthermore, in accordance with
the following ITU-TS recommendations, the term "Layer 3" is used to indicate the
layer above the data link layer: ITU-TS Recommendation Q.930 (1.450), "ISDN
User-Network Interface Layer 3 - General Aspects," and ITU-TS Recommendation
Q.931 (1.451), "ISDN User-Network Interface Layer 3 - Specification.”

Note 2: All references within this document to "layer management entity" and/or
"connection management entity" refer to those entities at the data link layer.
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3.1 ELEMENTS OF LAYER 2 COMMUNICATION
3.1.1 FRAME STRUCTURE FOR PEER-TO-PEER COMMUNICATION

All data link layer peer-to-peer exchanges are in frames conforming to one of the
formats shown in Figure 3.1-1. Two format types are shown in the figure: Format A for
frames where there is no information field; and Format B for frames containing an
information field.

3.1.1.1 Flag Sequence

All frames shall start and end with the flag sequence consisting of one "0" bit followed
by six contiguous "1" bits and one "0" bit. The flag preceding the address field is
defined as the opening flag. The flag following the frame checking sequence (FCS)
field is defined as the closing flag. In transmitting frames, the user side data link
layer entity will send separate opening and closing flags for each frame. However, it
will be able to receive from the network side frames that are separated from each
other by one or more flags.

3.1.1.2 Address Field

The address field shall consist of two octets as illustrated in Figure 3.1-1. The address
field identifies the intended receiver of a command frame and the transmitter of a
response frame. The format of the address field is defined in "Address Field Format,”
Section 3.1.2.1.

3.1.1.3 Control Field

The control field shall consist of one or two octets. Figure 3.1-1 illustrates the two
frame formats (A and B), each with a control field of one or two octets, depending
upon the type of operation being used.

The format of the control field is defined in "Control Field Formats," Section 3.1.2.3.
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Flag Octet 1 Flag Octet 1
o 1 1 1 1 1 1 o 1 1 1 1 1 1 0
Address Address
2 2
(high order octet) (high order octet)
(low order octet) 3 (low order octet) 3
Control * 4
*
Control
4
Information
Frame Check Sequence N-2 Frame Check Sequence N-2
FCS FCS
(FCS) N-1 (FCs) N-1
Flag Flag
N N
o 1 1 1 1 1 1 O o 1 1 1 1 1 1 O

* Unacknowledged operation - 1 octet
Multiple frame operation

Modulo 128 - 2 octets for frames with sequence numbers;

1 octet for frames without sequence numbers

Figure 3.1-1 — Frame Formats
3.1.1.4 Information Field

The information field of a frame, when present, follows the control field (see "Control
Field," Section 3.1.1.3) and precedes the frame check sequence [see "Frame Checking
Sequence (FCS) Field," Section 3.1.1.6]. The contents of the information field shall
consist of an integral number of octets.

The maximum number of octets in the information field is defined in "Maximum
Number of Octets in an Information Field (N201)," Section 3.2.9.3.

3.1.1.5 Transparency

A transmitting data link layer entity shall examine the frame content between the
opening and closing flag sequences (address, control, information, and FCS fields) and
shall insert a "0" bit after all sequences of five contiguous "1" bits (including the last
five bits of the FCS) to ensure that a flag or an abort sequence is not simulated within
the frame. A receiving data link layer entity shall examine the frame contents between
the opening and closing flag sequences and shall discard any "0" bit that directly
follows five contiguous "1" bits.
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3.1.1.6 Frame Checking Sequence (FCS) Field

The FCS field shall be a 16-bit sequence. It shall be the ones complement of the sum
(modulo 2) of:

a. The remainder of (x raised to k power) (x!° + x* + x13 + x12 + x + x1% + x°® + x8
+x + x5+ x° + x* + x3 + x% + x! +1) divided (modulo 2) by the generator
polynomial x*® + x*? + x® + 1, where k is the number of bits in the frame existing
between, but not including, the final bit of the opening flag and the first bit of
the FCS, excluding bits inserted for transparency.

b. The remainder of the division (modulo 2) by the generator polynomial x*® + x? +
x° + 1, of the product of x'® by the content of the frame existing between, but not
including, the final bit of the opening flag and the first bit of the FCS, excluding
bits inserted for transparency.

As a typical implementation at the transmitter, the initial content of the register of
the device computing the remainder of the division is preset to all "1s" and is then
modified by division by the generator polynomial on the address, control, and
information fields; the "1s" complement of the resulting remainder is transmitted as
the 16-bit FCS sequence.

As a typical implementation at the receiver, the initial content of the register of the
device computing the remainder is preset to all "1s." The final remainder after
multiplication by x*® and then division (modulo 2) by the generator polynomial x*¢ +
x!2 + x® + 1 of the serial incoming protected bits and the FCS, will be "0001 1101 0000
1111" (x*® through x°, respectively) in the absence of transmission errors.

3.1.1.7 Format Convention
3.1.1.7.1 Numbering Convention

The basic convention used in this specification is illustrated in Figure 3.1-2. The bits
are grouped into octets. The bits of an octet are shown horizontally and are numbered
from 1 to 8. Multiple octets are shown vertically and are numbered from 1 to n.

8 7 6 5 4 3 2 1

Octet 1 Octet
cte ,
Numbering
2
n

Figure 3.1-2 — Format Convention

3.1.1.7.2 Order of Bit Transmission

The octets are transmitted in ascending numerical order; inside an octet Bit 1 is the
first bit to be transmitted.
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3.1.1.7.3 Field Mapping Convention

When a field is contained within a single octet, the lowest bit number of the field
represents the lowest order value.

When a field spans more than one octet, the order of bit values within each octet
progressively decreases as the octet number increases. The lowest bit number
associated with the field represents the lowest order value.

For example, a bit number can be identified as a couple (o0,b) where o is the octet
number and b is the relative bit number within the octet. Figure 3.1-3 illustrates a
field that spans from bit (1,3) to bit (2,7). The high order bit of the field is mapped on
bit (1,3) and the low order bit is mapped on bit (2,7).

8 7 6 5 4 3 2 1
24 93 92 1st Octet in the field

21 50 2nd Octet in the field

Figure 3.1-3 — Field Mapping Convention

An exception to the preceding field mapping convention is the data link layer FCS
field, which spans two octets. In this case, Bit 1 of the first octet is the high order bit
and Bit 8 of the second octet is the low order bit (Figure 3.1-4).

8 /7 6 5 4 3 2 1

28 15 1st Octet in the field

20 27 2nd Octet in the field

Figure 3.1-4 — FCS Mapping Convention
3.1.1.8 Invalid Frames
An invalid frame is a frame that:
e Is not properly bounded by two flags

e Has fewer than 6 octets between flags of frames that contain sequence numbers
and fewer than 5 octets between flags of frames that do not contain sequence
numbers

» Does not consist of an integral number of octets prior to zero bit insertion or
following zero bit extraction

» Contains a frame check sequence error

» Contains a single octet address field
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» Contains a service access point identifier [see "Service Access Point Identifier
(SAPI)," Section 3.1.2.2.3] that is not supported by the receiver.

Invalid frames shall be discarded without notification to the sender. No action is taken
as the result of that frame.

3.1.1.9 Frame Abort

Receipt of seven or more contiguous "1" bits shall be interpreted as an abort, and the
data link layer shall ignore the frame being received.

3.1.2 ELEMENTS OF PROCEDURES AND FORMATS OF FIELDS FOR DATA LINK
LAYER PEER-TO-PEER COMMUNICATION

The elements of procedures define the commands and responses that are used on the

data link connections carried on the D-channel.

Procedures are derived from these elements of procedures and are described in
"Definition of the Peer-to-Peer Procedures of the Data Link Layer," Section 3.2.

3.1.2.1 Address Field Format

The address field format shown in Figure 3.1-5 contains the address field extension
bits, a command/response indication bit, a data link layer service access point
identifier (SAPI) subfield, and a terminal endpoint identifier (TEI) subfield.

3.1.2.2 Address Field Variables
3.1.2.2.1 Address Field Extension Bit (EA)

The address field range is extended by reserving the first transmitted bit of the
address field octets to indicate the final octet of the address field. The presence of a
"1" in the first bit of an address field octet signals that it is the final octet of the
address field. The double octet address field for LAPD operation shall have Bit 1 of
the first octet set to "0" and Bit 1 of the second octet set to "1".

8 7 6 5 4 3 2 1
C/IR EA
SAPI 0 Octet 2
EA
TEI 1 3
Legend:
EA = Address field extension bit
C/IR = Command/response field bit
SAPI = Service access point identifier
TEI = Terminal endpoint identifier

Figure 3.1-5 — Address Field Format

3.1.2.2.2 Command/Response Field Bit (C/R)

The C/R bit identifies a frame as either a command or a response. The user side shall
send commands with the C/R bit set to "0", and responses with the C/R bit set to "1".
The network side shall do the opposite; that is, commands are sent with C/R set to "1",
and responses are sent with C/R set to "0". The combinations for the network side and
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user side are shown in Table 3.1-1.

Table 3.1-1 — Combinations for Network Side and User Side

COMMAND/RESPONSE DIRECTION C/R VALUE
Command Network side — user side 1
User side — network side 0
Response Network side — user side 0
User side — network side 1

In conformance with HDLC rules, commands use the peer data link layer entity’s
address, whereas responses use their own data link layer entity’s address. According
to these rules, both peer entities on a point-to-point data link connection use the same
Data Link Connection Identifier (DLCI) composed of a SAPI-TEI where SAPI and TEI
conform to the definitions contained in "Service Access Point Identifier (SAPI),"
Section 3.1.2.2.3, and "Terminal Endpoint ldentifier (TEI)," Section 3.1.2.2.4, and
define the data link connection as described in Q.920, Section 3.4.1.

3.1.2.2.3 Service Access Point Identifier (SAPI)

The SAPI identifies a point at which data link layer services are provided by a data
link layer entity to a Layer 3 or management entity. Consequently, the SAPI specifies
a data link layer entity that will process a data link layer frame and also a Layer 3 or
management entity that is to receive information carried by the data link layer frame.
The SAPI allows 64 service access points to be specified, where Bit 3 of the address
field octet containing the SAPI is the least significant binary digit and Bit 8 is the
most significant. The SAPI values are allocated as follows:

SAPI Related Layer 3 entity

Value
0 Call control procedures
1 Reserved for packet mode communications using Q.931 call

control procedures
16 Packet communication conforming to X.25 Level 3 procedures
63 Layer 2 Management procedures
All Others Reserved for future standardization

3.1.2.2.4 Terminal Endpoint Identifier (TEI)

The TEI for a point-to-point data link connection may be associated with a single
terminal (TE). A TE may contain one or more TEIs. The TEI for a broadcast data link
connection is associated with all user side data link layer entities containing the same
SAPI. The TEI subfield allows 128 values, where Bit 2 of the address field octet
containing the TEI is the least significant binary digit and Bit 8 is the most
significant binary digit. The following conventions shall apply in the assignment of
these values.

3.1.2.2.4.1 TEI for Broadcast Data Link Connection

The TEI subfield bit pattern "111 1111" (=127) is defined as the group TEI. The group
TEI is assigned to the broadcast data link connection associated with the addressed
SAP.
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3.1.2.2.4.2 TEI for Point-to-Point Data Link Connection

The remaining TEI values are used for the point-to-point data link connections
associated with the addressed SAP. The range of TEI values shall be allocated in the
following manner:

TEI User Type

Value

0-63 Nonautomatic TEI assignment user equipment
64-126 Automatic TEI assignment user equipment

Nonautomatic TEI values are selected by the user, and their allocation is the
responsibility of the user. Automatic TEI values are selected by the network, and their
allocation is the responsibility of the network.

3.1.2.3 Control Field Formats
The control field identifies the type of frame, which will be either a command or a
response. The control field will contain sequence numbers, where applicable.

Three types of control field formats are specified; numbered information transfer (I
format), supervisory functions (S format), and unnumbered information transfers and
control functions (U format). The control field format is shown in Table 3.1-2.

Table 3.1-2 — Control Field Formats

CONTROL 8 7 6 5 4 3 2 1
FIELD BITS
(MODULO 128)
| format N(S)? 0 Octet 4
N(R)° pf 5
Sformat| X2 x* x* x® | s¢ s | o0 1 | Octet4
N(R) | PIFf 5
U format Mo me M | PE | M MY |1 1 | Octet 4
Note(s):

a. N(S) = Transmitter send sequence number

b. N(R) = Transmitter receive sequence number

¢. S = Supervisory function bit

d. M = Modifier function bit

e. X = Reserved and set to 0

f. P/F = Poll bit when issued as a command, final bit when issued as a response

3.1.2.3.1 Information Transfer Format - |

The | format shall be used to perform an information transfer between Layer 3
entities. The functions of N(S), N(R), and P (defined in "Control Field Parameters and
Associated State Variables," Section 3.1.2.4) are independent; that is, each | frame has
an N(S) sequence number, an N(R) sequence number that may or may not
acknowledge additional | frames received by the data link layer entity, and a P bit
that may be set to "0" or "1".
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The use of N(S), N(R), and P is defined in "Definition of the Peer-to-Peer Procedures of
the Data Link Layer," Section 3.2.

3.1.2.3.2 Supervisory Format - S

The S format shall be used to perform data link supervisory control functions such as
acknowledge | frames, request retransmission of | frames, and request a temporary
suspension of transmission of | frames. The functions of N(R) and P/F are
independent; that is, each supervisory frame has an N(R) sequence number that may
or may not acknowledge additional | frames received by the data link layer entity, and
a P/F bit that may be set to "0" or "1".

3.1.2.3.3 Unnumbered Format - U

The U format shall be used to provide additional data link control functions and
unnumbered information transfers for unacknowledged information transfer. This
format does not contain sequence numbers. It does include a P/F bit that may be set to
"0" or "1".

3.1.2.4 Control Field Parameters and Associated State Variables

The various parameters associated with the control field formats are described in this
section. The coding of the bits within these parameters is such that the lowest
numbered bit within the parameter field is the least significant bit.

3.1.2.4.1 Poll/Final Bit

All frames contain P/F, the Poll/Final bit. The Poll/Final (P/F) bit serves a function in
both command frames and response frames. In command frames the P/F bit is
referred to as the P bit. In response frames it is referred to as the F bit. The P bit set
to "1" is used by a data link layer entity to solicit (poll) a response frame from the peer
data link layer entity. The F bit set to "1" is used by a data link layer entity to
indicate the response frame transmitted as a result of a soliciting (poll) command.

The use of the P/F bit is described in "Definition of the Peer-to-Peer Procedures of the
Data Link Layer," Section 3.2.

3.1.2.4.2 Multiple Frame Operation - Variables and Sequence Numbers
3.1.2.4.2.1 Modulus

Each | frame is sequentially numbered and may have the value 0 through "n" minus 1
(where "n" is the modulus of the sequence numbers). The modulus equals 128 and the
sequence numbers cycle through the entire range, 0 through 127.

3.1.2.4.2.2 Send State Variable V(S)

Each point-to-point data link connection endpoint shall have an associated send state
variable [V(S)] when using | frame commands. The send state variable denotes the
sequence number of the next | frame to be transmitted. The send state variable can
take on the value 0 through "n" minus 1. The value of the send state variable shall be
incremented by 1 with each successive | frame transmission, and shall not exceed V(A)
by more than the maximum number of outstanding | frames, k. The value of k may be
in the range of 1<k<127.

3.1.2.4.2.3 Acknowledge State Variable V(A)

Each point-to-point data link connection endpoint shall have an associated
acknowledge state variable [V(A)] when using | frame commands and supervisory
frame commands/responses. The acknowledge state variable identifies the last frame
that has been acknowledged by its peer [V(A)-1 equals the N(S) of the last
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acknowledged I frame]. The acknowledge state variable can take on the value O
through "n" minus 1. The value of the acknowledge state variable shall be updated by
the valid N(R) values received from its peer [see "Receive Sequence Number N(R),"
Section 3.1.2.4.2.6]. A valid N(R) value is one that is in the range 0<= [N(R) -
V(A)Jmod128 <= [V(S)- V(A)]mod128.

3.1.2.4.2.4 Send Sequence Number N(S)

Only | frames contain N(S), the send sequence number of transmitted | frames. At the
time that an in-sequence | frame is designated for transmission, the value of N(S) is
set equal to the value of the send state variable V(S).

3.1.2.4.2.5 Receive State Variable V(R)

Each point-to-point data link connection endpoint shall have an associated receive
state variable [V(R)] when using | frame commands and supervisory frame
commands/responses. The receive state variable denotes the sequence number of the
next in-sequence | frame expected to be received. The receive state variable can take
on the value 0 through "n" minus 1. The value of the receive state variable shall be
incremented by one with the receipt of an error free, in-sequence | frame whose send
sequence number N(S) equals the receive state variable [V(R)].

3.1.2.4.2.6 Receive Sequence Number N(R)

All I frames and supervisory frames contain N(R), the expected send sequence number
of the next received | frame. At the time that an | or supervisory frame is designated
for transmission, the value of N(R) is set equal to the current value of the receive
state variable V(R). The N(R) indicates that the data link layer entity transmitting the
N(R) has correctly received all I frames numbered up to and including N(R) - 1.

3.1.2.4.3 Unacknowledged Operation - Variables and Parameters

No variables are defined. One parameter is defined, N201 [see "Maximum Number of
Octets in an Information Field (N201)," Section 3.2.9.3]. If the length of the
information field in a received Ul frame exceeds the value of N201 in the TEI
unassigned state, the frames shall be discarded.

3.1.2.5 Frame Types
3.1.2.5.1 Commands and Responses

The following commands and responses are used by either user or network data link
layer entities and are represented in Table 3.1-3. Each data link connection shall
support the full set of commands and responses for each application implemented. The
frame types associated with each of the two applications are identified in Table 3.1-3.

Frame types associated with an application not implemented are treated as invalid
frames (see "Invalid Frame Condition," Section 3.2.8.4).

For purposes of the LAPD procedures in each application, the supervisory function bit
encoding "11" and those encodings of the modifier function bits in Table 3.1-2 not
identified in Table 3.1-3 are identified as undefined command and response control
fields (see "Frame Rejection Condition," Section 3.2.8.5).

The commands and responses in Table 3.1-3 are defined in the following paragraphs.

3.1.2.5.2 Information (I) Command

The function of the information (I) command is to transfer, across a data link
connection, sequentially numbered frames containing information fields provided by
Layer 3. This command is used in the multiple frame operation on point-to-point data
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link connections.

Table 3.1-3 — Commands and Responses - Modulo 128

APPLICATION FORMAT COMMANDS RESPONSES ENCODING OCTET
8 7 6 5 4 3 2 1
Information inf ! i N(S) Y 4
Transfer (information) NR) p 5
Supervisory RR (receive RR (receive 0 0 0 0 0 0 0o 1 4
ready ready NR) | PIE 5
RNR (receive | RNR (receive not [ 0 0 0 0 0 0 0o 1 4
not ready) ready) NR) |P /e 5
REJ (reject REJ (reject)0 0 0 0 0 1 0 0 1 4
N(R) PIF| 5
Unnumbered | SABME (set 0 1 1 P |1 1 1 |1 4
Unacknowledged asynchronous
and Multiple balanced
Frame mode
Acknowledged extended)
Information
Transfer DM 0 0 0 F 1 1 1 1 4
(disconnected
mode)
ul 0 O 0 P 0 0 1 1 4
(unnumbered
information)
DISC 0 1 0 P 0 0 1 1 4
(disconnect)
UA (unnumbered | 0 1 1 F 0 0 1 1 4
acknowledgement)
FRMR (frame 1 0 0 F 0 1 1 1 4
reject
Connection XID XID (exchange 1 0 1 PIF |1 1 1 1 4
management (exchange identification)®
dentification)®
Note(s):
a. Receipt of an XID frame (p=1) is acknowledged with an XID response. The switch never sends an XID frame (p=1).

3.1.2.5.3 Set Asynchronous Balanced Mode Extended (SABME) Command

The SABME unnumbered command is used to place the addressed user side or
network side into modulo 128 multiple frame acknowledged operation.

No information field is permitted with the SABME command. A data link layer entity
confirms acceptance of a SABME command by the transmission at the first
opportunity of a UA response. Upon acceptance of this command, the data link layer
entity’s send state variable V(S), acknowledge state variable V(A), receive state
variable V(R), and retransmission counter are set to "0". The transmission of a
SABME command indicates the clearance of all exception conditions.

Previously transmitted | frames that are unacknowledged when this command is
processed remain unacknowledged and are discarded. It is the responsibility of a
higher level (for example, Layer 3) or the management entity to recover from the
possible loss of the contents of such | frames.

3.1.2.5.4 Disconnect (DISC) Command
The DISC unnumbered command is used to terminate the multiple frame operation.
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No information field is permitted with the DISC command. The data link layer entity
receiving the DISC command confirms the acceptance of a DISC command by the
transmission of a UA response. The data link layer entity sending the DISC command
terminates the multiple frame operation when it receives the acknowledging UA or
DM response.

Previously transmitted | frames that are unacknowledged when this command is
processed remain unacknowledged and are discarded. It is the responsibility of a
higher level (for example, Layer 3) or the management entity to recover from the
possible loss of the contents of such I frames.

3.1.2.5.5 Unnumbered Information (Ul) Command

When a Layer 3 or management entity requests unacknowledged information transfer,
the Ul unnumbered command is used to send information to its peer without affecting
data link layer variables. The Ul command frames do not carry a sequence number;
therefore, the Ul frame may be lost without notification.

3.1.2.5.6 Receive Ready (RR) Command/Response
The RR supervisory frame is used by a data link layer entity to:

* Indicate it is ready to receive an | frame

» Acknowledge previously received I frames numbered up to and including N(R) 1
(as defined in "Definition of the Peer-to-Peer Procedures of the Data Link Layer,"
Section 3.2)

» Clear a busy condition that was indicated by the earlier transmission of an RNR
frame by that same data link layer entity.

In addition to indicating the status of a data link layer entity, the RR command with
the P bit set to "1" may be used by the data link layer entity to ask for the status of
its peer data link layer entity.

3.1.2.5.7 Reject (REJ) Command/Response

The REJ supervisory frame is used by a data link layer entity to request
retransmission of | frames starting with the frame numbered N(R). The value of N(R)
in the REJ frame acknowledges | frames numbered up to and including N(R)-1. New |
frames pending initial transmission shall be transmitted following the retransmitted |
frame(s).

Only one REJ exception condition for a given direction of information transfer is
established at a time. The REJ exception condition is cleared (reset) upon the receipt
of an | frame with an N(S) equal to the N(R) of the REJ frame.

The transmission of a REJ frame also indicates the clearance of any busy condition
within the sending data link layer entity that was reported in an earlier transmission
of an RNR frame by that same data link layer entity.

In addition to indicating the status of a data link layer entity, the REJ command with
the P bit set to "1" may be used by the data link layer entity to ask for the status of
its peer data link layer entity.
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3.1.2.5.8 Receive Not Ready (RNR) Command/Response

The RNR supervisory frame is used by a data link layer entity to indicate a busy
condition; that is, a temporary inability to accept additional incoming | frames. The
value of N(R) in the RNR frame acknowledges | frames numbered up to and including
N(R)-1.

In addition to indicating the status of a data link layer entity, the RNR command with
the P bit set to "1" may be used by the data link layer entity to ask for the status of
its peer data link layer entity.

3.1.2.5.9 Unnumbered Acknowledgement (UA) Response

The UA unnumbered response is used by a data link layer entity to acknowledge the
receipt and acceptance of the mode-setting commands (SABME or DISC). Received
mode-setting commands are not processed until the UA response is transmitted. No
information field is permitted with the UA response. The transmission of the UA
response indicates the clearance of any busy condition that was reported by the earlier
transmission of an RNR frame by that same data link layer entity.

3.1.2.5.10 Disconnected Mode (DM) Response

The DM unnumbered response is used by a data link layer entity to report to its peer
that the data link layer is in a state such that multiple frame operation cannot be
performed. No information field is permitted with the DM response.

3.1.2.5.11 Frame Reject (FRMR) Response

The FRMR unnumbered response may be received by a data link layer entity as a
report of an error condition not recoverable by retransmission of the identical frame;
that is, at least one of the following conditions, which results from the receipt of a
valid frame:

e The receipt of a command or response control field that is undefined or not
implemented

* The receipt of a frame with an information field that is not permitted or the
receipt of a supervisory or unnumbered frame with the incorrect length

* The receipt of an invalid N(R)

» The receipt of an | frame with an information field that exceeds the maximum
established length.

An undefined control field is any of the control field encodings that are not identified
in Table 3.1-3.

A valid N(R) value is one that is in the range 0<=[N(R)-V(A)]Jmod128<=[V(S)-
(V(A)lmod128.

An information field that immediately follows the control field and consists of five
octets (modulo 128 extended operation), is returned with this response and provides
the reason for the FRMR response. This information field format is given in Figure
3.1-6.
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8 7 6 5 4 3 2 1
Rejected frame Octet 5

Control field 6

v(S) 0 .

V(R) CIR 8

0 o0 0 0 z Y X W 9

— Rejected frame control field is the control field of the received frame that caused
the frame reject. When the rejected frame is an unnumbered frame, the control
field of the rejected frame is positioned in Octet 5, with Octet 6 set to "0000
0000."

— V(S) is the current send state variable value on the user side or network side
reporting the rejection condition.

— C/R is set to "1" if the frame rejected was a response and is set to "0" if the frame
rejected was a command.

— V(R) is the current receive state variable value on the user side or network side
reporting the rejection condition.

— W set to "1" indicates that the control field received and returned in Octets 5 and
6 was undefined.

— X set to "1" indicates that the control field received and returned in Octets 5 and
6 was considered invalid because the frame contained an information field not
permitted with this frame or is a supervisory or unnumbered frame with
incorrect length. Bit W must be set to "1" in conjunction with this bit.

— Y set to "1" indicates that the information field received exceeded the maximum
established information field length (N201) of the user side or network side
reporting the rejection condition.

— Z set to "1" indicates that the control field received and returned in Octets 5 and
6 contained an invalid N(R).

— Octet 7 Bit 1 and Octet 9 Bits 5 through 8 shall be set to "0".

Figure 3.1-6 — FRMR Information Field Format - Extended (Modulo 128) Operation
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3.1.2.5.12 XID Command

There are no procedures currently defined that require the XID command. Receipt of
an XID frame (p=1) is acknowledged with an XID response, but the switch never
sends an XID frame (p=1).

3.1.3 ELEMENTS FOR LAYER-TO-LAYER COMMUNICATION

Communications between layers and, for this specification, between the data link
layer and the layer management, are accomplished by means of primitives.

Primitives represent, in an abstract way, the logical exchange of information and
control between the data link and adjacent layers. They do not specify or constrain
implementations.

Primitives consist of commands and their respective responses associated with the
services requested of a lower layer. The general syntax of a primitive is:

XX-Generic name-Type: Parameters
where XX designates the interface across which the primitive flows. For this
specification XX is:
e DL for between Layer 3 and the data link layer
» PH for between the data link layer and the physical layer
» MDL for between the layer management and the data link layer.

3.1.3.1 Generic Names

The generic name specifies the activity that will be performed. Table 3.1-4 illustrates
the primitives defined in this specification. Note that not all primitives have
associated parameters.

The primitive generic names that are defined in this specification are discussed in the
following paragraphs.

3.1.3.1.1 DL-ESTABLISH

The DL-ESTABLISH primitives are used to request, indicate and confirm the outcome
of the procedures for establishing multiple frame operation.

3.1.3.1.2 DL-RELEASE

The DL-RELEASE primitives are used to request, indicate and confirm the outcome of
the procedures for terminating a previously established multiple frame operation, or
for reporting an unsuccessful establishment attempt.

3.1.3.1.3 DL-DATA

The DL-DATA primitives are used to request and indicate Layer 3 messages that are
to be transmitted, or have been received, by the data link layer using the
acknowledged information transfer service.

3.1.3.1.4 DL-UNIT DATA

The DL-UNIT DATA primitives are used to request and indicate Layer 3 messages
that are to be transmitted, or have been received, by the data link layer using the
unacknowledged information transfer service.
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3.1.3.1.5 MDL-ASSIGN

The MDL-ASSIGN primitives are used by the layer management entity to request
that the data link layer associate the TEI value contained within the message portion
of the primitive with the specified connection endpoint suffix (CES), across all SAPIs.
The MDL-ASSIGN primitive is used by the data link layer to indicate to the layer
management entity the need for a TEI value to be associated with the CES specified
in the primitive message unit.

3.1.3.1.6 MDL-REMOVE

The MDL-REMOVE primitives are used by the layer management entity to request
that the data link layer remove the association of the specified TEI value with the
specified connection endpoint suffix (CES), across all SAPIs. The TEI and connection
endpoint suffix are specified by the MDL-REMOVE primitive message unit.

3.1.3.1.7 MDL-ERROR

The MDL-ERROR primitives are used to indicate to the connection management
entity that an error has occurred, associated with a previous management function
request or detected as a result of communication with the data link layer peer entity,
which cannot be corrected by the data link layer. The layer management entity may
respond with an MDL-ERROR primitive if the layer management entity cannot obtain
a TEI value.

3.1.3.1.8 MDL-UNIT DATA

The MDL-UNIT DATA primitives are used to request and indicate layer management
entity messages that are to be transmitted, or have been received, by the data link
layer using the unacknowledged information transfer service.

3.1.3.1.9 MDL-XID

The MDL-XID primitives are used by the connection management entity to request,
indicate, respond and confirm the outcome of the actions used in the XID procedures.

3.1.3.1.10 PH-DATA

The PH-DATA primitives are used to request and indicate message units containing
frames used for data link layer peer-to-peer communications passed to and from the
physical layer.

3.1.3.1.11 PH-ACTIVATE

The PH-ACTIVATE primitives are used to request activation of the physical layer
connection or to indicate that the physical layer connection has been activated.

3.1.3.1.12 PH-DEACTIVATE

The PH-DEACTIVATE primitive is used to indicate that the physical layer connection
has been deactivated.

3.1.3.2 Primitive Types

The primitive types defined in this specification are discussed in the following
paragraphs.

3.1.3.2.1 REQUEST

The REQUEST primitive type is used when a higher layer or layer management is
requesting a service from the next lower layer.
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3.1.3.2.2 INDICATION

The INDICATION primitive type is used by a layer providing a service to inform the
next higher layer or layer management.

3.1.3.2.3 RESPONSE

The RESPONSE primitive type is used by layer management as a consequence of the
INDICATION primitive type.

3.1.3.2.4 CONFIRM

The CONFIRM primitive type is used by the layer providing the requested service to
confirm that the activity has been completed.

Figure 3.1-7 illustrates the relationship of the primitive types to Layer 3 and the data
link layer.

Layer 3
Confirm — <— Request Indication — <— Response
* *
N__sap
Ll /N ______ ~| |
Data link layer
Y
Layer 2
peer-to-peer
protocol

Figure 3.1-7 — Relationship of the Primitive Types to Layer 3 and the Data Link
Layer

3.1.3.3 Parameter Definition

3.1.3.3.1 Priority Indicator

Since several SAPs may exist within a network or a user, protocol message units sent
by one SAP may contend with those of other service access points for the physical
resources available for message transfer. The priority indicator is used to determine
which message unit will have greater priority when contention exists.
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3.1.3.3.2 Message Unit

The message unit contains additional layer-to-layer information concerning actions
and results associated with requests. In the case of the data primitive, the message
unit contains the requesting layer peer-to-peer messages. For example, the DL-DATA
message unit contains Layer 3 information. The PH-DATA message unit contains the
data link frame.

Note: The operations across the data link layer-Layer 3 boundary shall be such that
the layer sending the DATA or UNIT DATA primitive can assume a temporal order of
the bits within the message unit and that the layer receiving the primitive can
reconstruct the message with its assumed temporal order.

Table 3.1-4 — Primitives Associated with the Data Link Layer

GENERIC NAME & TYPE PARAMETERS MESS’\IP%CISEEN#_JNAT
REQUEST | moiCATION | mesonse | PRIORTY | messace | CONTENTS

L3 <->L2

DL-ESTABLISH X - X - -

DL-RELEASE X - X - -

DL-DATA X X - - X NL-NL peer
message

DL-UNIT DATA X X - - X NL-NL peer
message

M <-> L2

MDL-ASSIGN X X - - X TEI value, CES

MDL-REMOVE X - - - X TEI value, CES

MDL-ERROR - X X - X Error IND.

MDL-UNIT DATA X X - - X MF-MF peer
message

L2 <->L1

PH-DATA X X - X X DL-DL peer
message

PH-ACTIVATE X X - - -

PH-DEACTIVATE - X - - -

Note(s):

a. Legend:

L3<->L2: Layer 3/data link layer/boundary

L2<->L1: Data link layer/physical layer boundary
M<->L2: Management entity/data link layer boundary
NL = Network Layer

MF = Management Function

DL = Data Link Layer
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3.2 DEFINITION OF THE PEER-TO-PEER PROCEDURES OF THE DATA LINK
LAYER

The procedures for use by the data link layer are specified in the following sections.
The elements of procedure (frame types) that apply are as follows:

» For unacknowledged information transfer (see "Procedures for Unacknowledged Ul
and Acknowledged XID Information Transfer,"” Section 3.2.2)

— Ul-command.

* For multiple frame acknowledged information transfer (see "Procedures for
Establishment and Release of Multiple Frame Operation,” Section 3.2.5,
"Procedures for Information Transfer in Multiple Frame Operation,” Section 3.2.6,
"Reestablishment of Multiple Frame Operation," Section 3.2.7, "Exception
Condition Reporting and Recovery," Section 3.2.8)

— SABME-command

— UA-response

— DM-response

— DISC-command

— RR-command/response
— RNR-command/response
— REJ-command/response
— l-command

— FRMR-response.

3.2.1 PROCEDURE FOR THE USE OF THE P/F BIT

3.2.1.1 Unacknowledged Information Transfer

For unacknowledged information transfer, the P/F bit is not used and shall be set to
"0".

3.2.1.2 Acknowledged Multiple Frame Information Transfer

A data link layer entity receiving a SABME, DISC, RR, RNR, REJ or | frame, with the
P bit set to "1", shall set the F bit to "1" in the next response frame it transmits, as
defined in Table 3.2-1.

Table 3.2-1 — Immediate Response Operation Of P/F Bit

COMMAND RECEIVED WITH P BIT = "1" RESPONSE TRANSMITTED WITH F BIT = "1"
SABME, DISC UA, DM
I, RR, RNR, REJ RR, RNR, REJ, FRMR, DM

3.2.2 PROCEDURES FOR UNACKNOWLEDGED Ul AND ACKNOWLEDGED XID
INFORMATION TRANSFER

The procedures that apply to the transmission of information in unacknowledged
operation using the Ul frame are defined in the following paragraphs.

No data link layer error recovery procedures are defined for either operation.
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3.2.2.1 Transmission of Unacknowledged Information

Note: The term "transmission of a Ul frame" refers to the delivery of a Ul frame by
the data link layer to the physical layer.

Unacknowledged information is passed to the data link layer by Layer 3 or
management entities using the primitives DL-UNIT DATA-REQUEST or MDL-UNIT
DATA-REQUEST, respectively. The Layer 3 or management message unit shall be
transmitted in a Ul command frame.

For broadcast operation, the TEI value in the Ul command address field shall be set
to 127 (binary "111 1111," the group value).

For point-to-point operation, the appropriate TEI value shall be used.
The P bit shall be set to "0".

3.2.2.2 Receipt of Unacknowledged Information

On receipt of a Ul command frame with a SAPI supported by the receiver, the
contents of the information field shall be passed to the Layer 3 or management entity
using the data link layer to Layer 3 primitive DL-UNIT DATA-INDICATION or the
data link layer to management primitive MDL-UNIT DATA-INDICATION,
respectively. Otherwise, the Ul command frame shall be discarded.

3.2.3 TERMINAL ENDPOINT IDENTIFIER (TEI) MANAGEMENT PROCEDURES
3.2.3.1 General
The TEI management is based on the following procedural means:

» TEI Assignment Procedures (see "TEI Assignment Procedure,” Section 3.2.3.2)
» TEI Check Procedures (see "TEI Check Procedure,” Section 3.2.3.3)
e TEI Removal Procedures (see "TEI Removal Procedure,” Section 3.2.3.4)

A user equipment in the TEI-unassigned state shall use the TEI assignment
procedures to enter the TEl-assigned state. Conceptually, these procedures exist in the
layer management entity. The layer management entity on the network side is
referred to as the Assignment Source Point (ASP) in this specification.

The purpose of these procedures is to:

» Allow automatic TEI equipment to request the network to assign a TEI value that
the data link layer entities within the requesting user equipment will use in their
subsequent communications

e Allow a network to remove a previously assigned TEI from specific or all user
equipments

e Allow a network to check
— Whether a TEI value is in use
— Whether dual-TEI assignment has occurred.

The user side layer management entity shall instruct the user data link layer entities
to remove all TEI values when it is notified that the terminal is disconnected at the
interface (as defined in Recommendation 1.430).

Additionally, the user side layer management entity will instruct the user data link
layer entity to remove a TEI value for its own internal reasons; for example, losing the
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ability to communicate with the network. The layer management entity shall use the
MDL-REMOVE-REQUEST primitive for these purposes.

"Action Taken by the Data Link Layer Entity Receiving the
MDL-REMOVE-REQUEST Primitive," Section 3.2.3.4.1, includes the actions taken by
a data link layer entity receiving an MDL-REMOVE-REQUEST primitive.

Typically, one TEI value would be used by the user equipment (for example, a data
link layer entity that has been assigned a TEI value could use that value for all SAPs
it supports). If required, a number of TEI values may be requested by multiple use of
the procedures defined in "TEI Assignment Procedure,” Section 3.2.3.2. It shall be the
responsibility of the user to maintain the association between TEI and SAPI values.

The initiation of TEI assignment procedures occurs on the receipt of a request for
establishment or unacknowledged information transfer while in the TEIl-unassigned
state. The data link layer entity shall inform the management entity using the
MDL-ASSIGN-INDICATION primitive. Alternatively, the user side layer management
entity may initiate the TEI assignment procedures for its own reasons.

All layer management entity messages used for these TEI management procedures are
transmitted to, or received from, the data link layer entity using the MDL-UNIT
DATA-REQUEST primitive, or the MDL-UNIT DATA-INDICATION primitive,
respectively. The data link layer entity shall transmit management entity messages in
Ul command frames. The SAPI value shall be 63. The TEI value shall be 127.

3.2.3.2 TEI Assignment Procedure

If the user equipment is of the nonautomatic TEI assignment category and if the
optional parameter notification procedure is implemented, the user side layer
management entity shall notify the connection management entity(s) of TEI
assignment. When the parameters have been initialized by the connection
management entity(s), the layer management entity shall deliver the TEI value to be
used to the data link layer entity(s) through the MDL-ASSIGN-REQUEST primitive.
If this optional parameter notification procedure is not implemented, the user side
layer management shall immediately deliver the TEI value to be used to the data link
layer entity(s) through the MDL-ASSIGN-REQUEST primitive.

If the user equipment is of the automatic TEI assignment category, upon initiation of
the TEI assignment procedure, the user side layer management entity shall transmit
to its peer a message containing the following elements:

e Message type = ldentity request
e Reference number (Ri)
» Action indicator (Ai).

The Reference number, Ri, shall be used to differentiate between a number of user
equipments that may simultaneously request assignment of a TEI value. The Ri shall
be 2 octets in length and shall be randomly generated for each request message by the
user equipments.

All values in the range 0 to 65535 shall be available from the random number
generator.

Note: The design of the random number generator will minimize the probability of
identical reference numbers being generated by terminals that initiate their TEI
assignment procedures simultaneously.
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The single-octet Action indicator, Ai, shall be used to indicate a request to the
Assignment Source Point (ASP) for the assignment of any TEI value available.

The coding of the Ai shall be Ai = Group address TEI (127). This Ai value requests the
ASP to assign any TEI value within the allowable range (64-126).

A Timer T202 shall be started.
The ASP, on receipt of the Identity request message, shall either:
» Select a TEI value

» Ignore the Identity request message if a previous ldentity request message that
contains an identical Ri has been received and no response has been issued. In
this case, the ASP shall not assign a TEI value to either request.

Selection of a TEI value shall be on the basis of information stored at the ASP. This
may consist of;

* A map of the full range of automatic TEI values

* An updated list of all automatic TEI values available for assignment, or a smaller
subset.

The ASP, after having selected the TEI value, shall inform the network data link
entities by means of the MDL-ASSIGN-REQUEST primitive and transmit to its peer a
message containing the following elements:

e Message type = ldentity assigned
» Reference number (Ri)
* The assigned TEI value in the Ai field.

If the available TEI information/resources are exhausted, a TEI check procedure will
be initiated.

If an Identity request message is outstanding, a user side layer management entity
receiving this Identity assigned message shall compare the TEI value to its own to see
whether it is already allocated. Additionally, the TEI value may be compared on the
receipt of all Identity assigned messages.

If there is a match, the management entity shall:
* Initiate TEI removal
If there is no match, the user side layer management entity shall:

e Compare the Ri value with any outstanding Identity request message and if it
matches, consider the TEI value assigned to the user equipment, discard the value
of Ri, inform the user side data link layer entities by means of the
MDL-ASSIGN-REQUEST primitive and stop Timer T202

e Compare the Ri value with any outstanding Identity request message and if there
is no match, do nothing

» If there is no outstanding ldentity request message, do nothing.

If a TEI value has been assigned to the layer management entity and if the optional
parameter notification procedure is implemented, the layer management entity will
notify the connection management entity(s) to initialize the associated link
parameters. Upon completion of the parameter initialization procedures, the layer
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management entity shall inform the user data link layer by means of the
MDL-ASSIGN-REQUEST primitive. This primitive shall contain the TEI value
received in the ldentity Assigned message, and also the connection endpoint suffix
(CES) value to which this TEI is to be mapped. When the data link layer receives the
MDL-ASSIGN-REQUEST primitive from the layer management entity, the data link
layer entity shall:

e Enter the TEl-assigned state

* Proceed with data link establishment procedures if a DL-ESTABLISH-REQUEST
primitive is outstanding, or the transmission of a Ul command frame if a
DL-UNIT DATA-REQUEST primitive is outstanding.

To deny an lIdentity request message, the ASP shall transmit to its peer a message
containing the following elements:

* Message type = ldentity denied
» Reference number (Ri)

* The value of TEI denied in the Ai field (a value of 127 indicates that no TEI
values are available).

The user side layer management entity receiving the ldentity denied message shall,
after expiry of Timer T202, re-invoke the TEI assignment procedure in accordance
with "Expiry of Timer T202," Section 3.2.3.2.1, to obtain a TEI value.

3.2.3.2.1 Expiry of Timer T202

If the user receives no response to its Identity request message before the expiry of
Timer T202, the timer shall be restarted and the Identity request message shall be
retransmitted with a new value of Ri.

After N202 unsuccessful attempts to acquire a TEI value, the layer management
entity shall inform the data link layer entity using the MDL-ERROR-RESPONSE
primitive. The data link layer entity receiving the MDL-ERROR-RESPONSE primitive
shall respond with the DL-RELEASE-INDICATION primitive if a request for
establishment had previously occurred, and shall discard all unserviced DL-UNIT
DATA-REQUEST primitives.

The values of T202 and N202 are specified in "Double Assignment of a TEI Value,"
Section 3.2.8.8.

The TEI assignment procedure is illustrated in Figure 3.2-1. See the following legend
for interpretation of Figure 3.2-1.
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SAPI: Service access point identifier = 63
TELI: Group TEI = 127

ID request: ldentity request

ID assigned: ldentity assigned

ID denied:  Identity denied

Ai: Action indicator, see Table 3.2-2

Ri: Reference number

(): Contents of the data link layer command
address field

[T Contents of the data link layer command

information field

User side ASP
Ul (SAPI,TEI) [ID request, Ri, Ai]
start
T202
Ul (SAPI,TEI) [ID assigned, Ri, Ai]
or
Ul (SAPI,TEI) [ID denied, Ri, Ai]

Figure 3.2-1 — TEI Assignment Procedure

3.2.3.3 TEI Check Procedure

This procedure is invoked by the network side of the interface. The user side
equipment shall be required to respond to the TEI check messages.

3.2.3.3.1 Use of the TEI Check Procedure

The TEI check procedure shall be used in the TEI audit and recovery procedures. The
TEI check procedure allows the network side layer management entity to either:

e Establish that a TEI value is in use

e Verify dual-TEI assignment (the receipt of an MDL-ERROR-INDICATION
primitive indicating possible dual TEI assignment could trigger this TEI check
procedure).

3.2.3.3.2 Operation of the TEI Check Procedure
The TEI check procedure is illustrated in Figure 3.2-2.
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User side ASP
Ul (SAPI,TEI) [ID check request, Ai]
start
T201
Ul (SAPITEI) [ID check response, Ri, Ai]
SAPI =63
TEI =127

Figure 3.2-2 — TEI Check Procedure
The ASP shall transmit a message containing the following elements:
» Message type = Identity check request

» Ai field that contains the TEI value to be checked or the value 127 when all TEI
values are to be checked.

Timer T201 shall be started.

If any user equipment has been assigned the TEI value specified in the Identity check
request message, it shall respond by transmitting a message containing the following
elements:

» Message type = Identity check response
e The TEI value in the Ai field
» Reference number (Ri).

Note: The randomly-generated Ri is present in the Identity check response to
ensure that, if more than one user equipment commences transmission of the
Identity check response at precisely the same time (that is, the first "0" bit of the
opening flag coincides) due to different Ri values, a collision at Layer 1 (see ISDN
user-network interfaces; Layer 1 Recommendations for clarification) occurs. The
resolution of this collision results in multiple Identity check responses.

When the TEI check procedure is used to verify dual-TEI assignment:

» If more than one Identity check response is received within T201, then dual-TEI
assignment shall be considered present; otherwise, the request shall be repeated
once and T201 restarted.

e If more than one Identity check response is received within the second T201
period, dual TEI assignments shall be considered present.

» If no Identity check response is received after both T201 periods, the TEI value
shall be assumed to be free and available for (re)assignment.

» If one Identity check response is received in one or both T201 time periods, the
TEI value shall be assumed to be in use.
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When the TEI check procedure is used to test whether a TEI value is in use, it is
completed upon the receipt of the first TEI lIdentity check response message, and the
TEI value is assumed to be in use. Otherwise:

e If no Identity check response is received within T201, the Identity check request
shall be repeated once and T201 restarted.

» If no Identity check response is received after the second ldentity check request,
the TEI value shall be assumed to be free and available for reassignment.

If the Ai value in the Identity check request is equal to 127, it is preferred that the
receiving user side layer management entity respond with a single Identity check
response message that contains all of the TEI values in use within that user
equipment [see "Action Indicator (Ai)," Section 3.2.3.5.5]. If an Identity check request
with Ai equal to 127 is transmitted and an Identity check response is received making
use of the extension facility, each Ai variable in the Ai field shall be processed as if
received in separate Identity check responses for parallel Identity check requests.

3.2.3.4 TEI Removal Procedure

When the network side layer management entity determines that the removal of a
TEI value (see "Conditions for TEI Removal,” Section 3.2.3.4.2) is necessary, the ASP
shall transmit a message containing the following elements and issue an
MDL-REMOVE-REQUEST primitive:

» Message type = ldentity remove

e TEI value that is to be removed, as indicated in the Ai field (the value of 127
indicates that all user equipments will remove their TEI values; otherwise, the
specific TEI value will be removed).

When the user side layer management entity determines that the removal of a TEI
value is necessary (see "Conditions for TElI Removal,” Section 3.2.3.4.2), it shall
instruct the data link layer entity to enter the TEI-unassigned state, using the
MDL-REMOVE-REQUEST primitive. This action would also be taken for all TEI
values when the Ai field contains the value of 127. Nonautomatic user equipment
shall issue an MDL-REMOVE-REQUEST primitive to the data link layer entity and
notify the equipment user of corrective action.

Further action to be taken shall be initiation of automatic TEI assignment for a new
TEI value. For nonautomatic user equipment, further action may be an attempt to
re-establish the data link.

3.2.3.4.1 Action Taken by the Data Link Layer Entity Receiving the
MDL-REMOVE-REQUEST Primitive

A data link layer entity receiving an MDL-REMOVE-REQUEST primitive shall:

e If no DL-RELEASE-REQUEST primitive is outstanding and the user equipment is
not in the TEIl-assigned state, issue a DL-RELEASE-INDICATION primitive.

* If a DL-RELEASE-REQUEST primitive is outstanding, issue a DL-RELEASE
primitive.

The data link layer entity shall then enter the TEI-unassigned state after discarding
the contents of both Ul and | queues.
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3.2.3.4.2 Conditions for TEI Removal

At the user equipment, automatic TEI values will be removed, and in the case of
non-automatic TEI values, an appropriate indication be made to the user under the
following conditions:

* On request from the ASP by an Identity remove message

» Optionally, on receipt of an Identity assigned message containing a TEI value in
the Ai field already in use within the user equipment (see "TEI Assignment
Procedure,” Section 3.2.3.2).

At the network side, TEI values will be removed following a TEI audit procedure
showing that a TEI value is no longer in use or that multiple TEI assignment has
occurred.

3.2.3.5 Formats and Codes

3.2.3.5.1 Messages

All messages used for TEI management procedures are carried in the information field
of Ul command frames with a SAPI value set to 63 (binary "11 1111") and TEI value
set to 127 (binary "111 1111").

All messages have the structure shown in Figure 3.2-3.

8 7 6 5 4 3 2 1
Layer management entity identifier Octet 5
Reference number 6
7
Message type 8
Action indicator E 9

Figure 3.2-3 — Messages Used for TElI Management Procedures

Fields that are not used in a specific message are coded all zeroes, and are not to be
processed by either side.

The coding of each field for the various messages is specified in Table 3.2-2.

The action indicator field extension bit is E [see "Action Indicator (Ai)," Section
3.2.3.5.5].
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Table 3.2-2 — Codes for Messages Concerning TElI Management Procedures

MESSAGE NAME LAYER REFERENCE | MESSAGE ACTION
MANAGEMENT NUMBER TYPE INDICATOR
ENTITY Ri Ai
IDENTIFIER
Identity request 0000 1111 0-65535 0000 0001 Ai =127
(user to network) Any TEI value
acceptable
Identity assigned 0000 1111 0-65535 0000 0010 Ai = 64-126
(network to user) Assigned TEI value
Identity denied 0000 1111 0-65535 0000 0011 Ai =127
(network to user) No TEI value
available
Identity check 0000 1111 Not used 0000 0100 Ai =127
request (network (coded 0) Check all TEI
to user) values
Ai = 0-126
TEI value to be
checked
Identity check 0000 1111 0-65535 0000 0101 Ai = 0-126
response (user to TEI value in use
network)
Identity remove 0000 1111 Not used 0000 0110 Ai = 127
(network to user) (coded 0) Request for removal
of all TEI values
Ai = 0-126 TEI
value to be removed

3.2.3.5.2 Layer Management Entity Identifier

For TEI administration procedures, the layer management entity identifier octet is
0000 1111. Other values are reserved for further standardization.

3.2.3.5.3 Reference Number (Ri)

Octets 6 and 7 contain the Reference number (Ri). When used, it can assume any
value between 0 and 65535.

3.2.3.5.4 Message Type

Octet 8 contains the message type. The purpose of the message type is to identify the
function of the message being sent.

3.2.3.5.5 Action Indicator (Ai)

The Ai field is extended by reserving the first transmitted bit of the Ai field octets to
indicate the final octet of the Ai field.

Ai variables in the Ai field are coded as follows:
* Bit 1 is the extension bit and is coded as follows:
— 0 to indicate an extension

— 1 to indicate the final octet.
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* Bits 2 to 8 contain the Action indicator.
The purpose of the Action indicator is to identify the concerned TEI value(s).

3.2.4 AUTOMATIC NEGOTIATION OF DATA LINK LAYER PARAMETERS AND LINK
TEST PROCEDURE

Each data link layer entity has an associated data link connection management entity.
The data link connection management entity is responsible for initializing the link
parameters necessary for correct peer-to-peer information transport and testing the
data link connection periodically for continuity.

3.2.4.1 Parameter Initialization
The method of initialization of the parameters uses one of the two following methods:

» Initialization to the default values as specified in "Data Link Layer Monitor
Function," Section 3.2.10

 Initialization based on the values supplied by its peer entity

The latter method utilizes the parameter notification procedure described in
"Parameter Initialization," Section 3.2.4.1.

Typically, after the assignment of a TEI value, the user side data link connection
management entity is notified by its layer management entity that parameter
initialization is required.

The data link connection management entity either will initialize the parameters to
the default values or will invoke the peer-to-peer notification procedure. After
parameter initialization, the data link connection management entity will notify the
layer management entity that parameter initialization has occurred.

The network side and optionally the user side has the additional responsibility of
periodically testing the data link layer connection between peers. The period may be
determined by the error rate detected per unit of time on this data link connection.
The connection management entity will invoke this test procedure in order to
distinguish whether the peer entity is still functionable. If no response is provided, or
the contents of the returned information is incorrect, the connection management
entity will notify its layer management entity that TEI removal may be necessary.

The parameter initialization procedure within a user side equipment invokes the
internal parameter initialization procedure.

3.2.4.2 Internal Parameter Initialization

When the layer management entity notifies the connection management entity of TEI
assignment, the connection management entity shall initialize the link parameters to
the default values and notify the layer management of task completion.

3.2.5 PROCEDURES FOR ESTABLISHMENT AND RELEASE OF MULTIPLE FRAME
OPERATION

3.2.5.1 Establishment of Multiple Frame Operation

The provision of extended multiple frame operation (modulo 128 sequencing) is
recommended.

These procedures shall be used to establish multiple frame operation between the
network and a designated user entity.
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Layer 3 will request establishment of the multiple frame operation by the use of the
DL-ESTABLISH-REQUEST primitive. Reestablishment may be initiated as a result of
the data link layer procedures defined in "Reestablishment of Multiple Frame
Operation,” Section 3.2.7. All frames other than unnumbered frame formats received
during the establishment procedures shall be ignored.

3.2.5.1.1 Establishment Procedures

A data link layer entity shall initiate a request for the multiple frame operation to be
set by transmitting the Set Asynchronous Balanced Mode Extended (SABME)
command. All existing exception conditions shall be cleared; the retransmission
counter shall be reset, and Timer T200 shall then be started (Timer T200 is defined in
"Timer T200," Section 3.2.9.1). All mode setting commands shall be transmitted with
the P bit set to "1". The establishment procedures imply the discard of all
DL-DATA-REQUESTs and all | frames in queue.

A data link layer entity receiving a SABME command, if it is able to enter the
multiple-frame-established state, shall:

* Respond with an Unnumbered Acknowledgment (UA) response with the F bit set
to the same binary value as the P bit in the received SABME command

e Set the send state variable V(S), receive state variable V(R) and acknowledge state
variable V(A) to "0"

» Enter the multiple-frame-established state and inform Layer 3 using the
DL-ESTABLISH-INDICATION primitive

* Reset the retransmission counter

» Clear all existing exception conditions

» Clear any existing peer receiver busy condition
e Start Timer T203, if implemented.

If the data link layer entity is unable to enter the multiple-frame-established state, it
shall respond to the SABME command with a DM response with the F bit set to the
same binary value as the P bit in the received SABME command.

Upon reception of the UA response with the F bit set to "1", the originator of the
SABME command shall do the following:

¢ Reset Timer T200
e Start Timer T203, if implemented
* Reset the transmission counter

» Set the send state variable V(S), receive state variable V(R), and acknowledge
state variable V(A) to "0"

* Reset the retransmission counter

* Enter the multiple-frame-established state and inform Layer 3 using the
DL-ESTABLISH primitive.

Upon reception of a DM response with the F bit set to "1", the originator of the
SABME command shall indicate this to Layer 3 by means of the
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DL-RELEASE-INDICATION primitive, and reset Timer T200. It shall then enter the
TEl-assigned state. The DM responses with the F bit set to "0" shall be ignored in this
case.

3.2.5.1.2 Procedure on Expiry of Timer T200

If Timer T200 expires before the UA or DM response with the F bit set to "1" is
received, the data link layer entity shall do the following:

¢ Retransmit the SABME command
e Restart Timer T200
* Increment the retransmission counter.

After retransmission of the SABME command N200 times, the data link layer entity
shall indicate this to Layer 3 and the connection management entity by means of the
DL-RELEASE-INDICATION and MDL-ERROR-INDICATION primitives, respectively,
and enter the TEl-assigned state, after discarding all outstanding
DL-DATA-REQUEST primitives and all |1 frames in queue.

The value of N200 is defined in "Maximum Number of Retransmissions (N200),"
Section 3.2.9.2.

3.2.5.2 Information Transfer

Having either transmitted the UA response to a received SABME command or
received the UA response to a transmitted SABME command, | frames and
supervisory frames shall be transmitted and received according to the procedures
described in "Procedures for Information Transfer in Multiple Frame Operation,”
Section 3.2.6.

If a SABME command is received while in the multiple-frame-established state, the
data link layer entity shall conform to the reestablishment procedure described in
"Reestablishment of Multiple Frame Operation," Section 3.2.7.

On receipt of a Ul command, the procedures defined in "Procedures for
Unacknowledged Ul and Acknowledged XID Information Transfer," Section 3.2.2, shall
be followed.

3.2.5.3 Termination of Multiple Frame Operation

These procedures shall be used to terminate the multiple frame operation between the
network and a designated user entity.

Layer 3 will request termination of the multiple frame operation by use of the
DL-RELEASE-REQUEST primitive.

All frames other than unnumbered frames received during the release procedures
shall be ignored.

All outstanding DL-DATA-REQUEST primitives and all | frames in queue shall be
discarded.

3.2.5.3.1 Release Procedure

A data link layer entity shall initiate a request for release of the multiple frame
operation by transmitting the Disconnect (DISC) command with the P bit set to "1".
Timer T200 shall then be started and the retransmission counter reset.

A data link layer entity receiving a DISC command while in the
multiple-frame-established state shall transmit a UA response with the F bit set to
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the same binary value as the P bit in the received DISC command. A
DL-RELEASE-INDICATION primitive shall be passed to Layer 3, and the
TEl-assigned state shall be entered.

The originator of the DISC command shall enter the TEIl-assigned state and reset
Timer T200 if it receives either:

* A UA response with the F bit set to "1"

» A DM response with the F bit set to "1", indicating that the peer data link layer
entity is already in the TEl-assigned state.

The data link layer entity that issued the DISC command is now in the TEIl-assigned
state and will notify Layer 3 by means of the DL-RELEASE primitive. The conditions
relating to this state are defined in "TEI-Assigned State,” Section 3.2.5.4.

3.2.5.3.2 Procedure on Expiry of Timer T200

If Timer T200 expires before a UA or DM response with the F bit set to "1" is received,
the originator of the DISC command shall:

¢ Retransmit the DISC command as defined in "Release Procedure,"” Section
3.25.3.1

e Restart Timer T200
* Increment the retransmission counter

If after N200 attempts to recover, the data link layer entity has not received the
correct response as defined in "Release Procedure," Section 3.2.5.3.1, the data link
layer entity shall indicate this to the connection management entity by means of the
MDL-ERROR-INDICATION primitive, enter the TEIl-assigned state and notify Layer
3 by means of the DL-RELEASE primitive.

3.2.5.4 TEI-Assigned State
While in the TEIl-assigned state:

» The receipt of a DISC command shall result in the transmission of a DM response
with the F bit set to the value of the received P bit.

* The receipt of an | frame or supervisory frame with the P bit set to "1" shall result
in the transmission of a DM response with the F bit set to "1" (as defined in
"Acknowledged Multiple Frame Information Transfer," Section 3.2.1.2).

* On receipt of an SABME command, procedures defined in "Establishment of
Multiple Frame Operation," Section 3.2.5.1, shall be followed.

* On receipt of Ul commands, procedures defined in "Procedures for
Unacknowledged Ul and Acknowledged XID Information Transfer," Section 3.2.2,
shall be followed.

e On receipt of any unsolicited UA response or a DM with F bit set to "1" an
MDL-ERROR-INDICATION primitive indicating a possible double assignment of a
TEI value shall be issued.

» All other frame types shall be discarded.
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3.2.5.5 Collision of Unnumbered Commands and Responses
3.2.5.5.1 Identical Transmitted and Received Commands

If the transmitted and received unnumbered commands (SABME or DISC) are the
same, the data link layer entities shall send the UA response at the earliest possible
opportunity. The indicated state shall be entered after receiving the UA response. The
data link layer entity shall notify Layer 3 by means of the appropriate primitive.

3.2.5.5.2 Different Transmitted and Received Commands

If the transmitted and received unnumbered commands (SABME or DISC) are
different, the data link layer entities shall issue a DM response at the earliest possible
opportunity. Upon receipt of a DM response with the F bit set to "1", the data link
layer shall enter the TEIl-assigned state and notify Layer 3 by means of the
appropriate primitive. The entity receiving the DISC command will issue a
DL-RELEASE-INDICATION primitive, while the other entity will issue a
DL-RELEASE primitive.

3.2.5.6 Unsolicited DM Response and SABME or DISC Command

When a DM response with the F bit set to "0" is received by a data link layer entity, a
collision between a transmitted SABME or DISC command and the unsolicited DM
response may have occurred.

In order to avoid misinterpretation of the DM response received, a data link layer
entity shall always send its SABME or DISC command with the P bit set to "1".

A DM response with the F bit set to "0" colliding with a SABME or DISC command
shall be ignored.

3.2.6 PROCEDURES FOR INFORMATION TRANSFER IN MULTIPLE FRAME
OPERATION

The procedures that apply to the transmission of | frames are defined in
"Transmitting | Frames," Section 3.2.6.1.

Note: The term "transmission of an | frame" refers to the delivery of an | frame by
the data link layer to the physical layer.

3.2.6.1 Transmitting | Frames

Information received by the data link layer entity from Layer 3 by means of a
DL-DATA-REQUEST primitive shall be transmitted in an | frame. The control field
parameters N(S) and N(R) shall be assigned the values of the send and receive state
variables V(S) and V(R), respectively. The value of the send state variable V(S) shall
be incremented by 1 at the end of the transmission of the | frame.

If Timer T200 is not running at time of transmission of an | frame, it shall be started.
If Timer T200 expires, procedures defined in "Waiting Acknowledgment," Section
3.2.6.7, shall be followed.

If the send state variable V(S) is equal to V(A) plus k [where k is the maximum
number of outstanding | frames - see "Maximum Number of Outstanding | Frames
(k)," Section 3.2.9.5], the data link layer entity shall not transmit any new | frames,
but may retransmit an | frame as a result of the error recovery procedures as
described in "Receiving REJ Frames," Section 3.2.6.4, and "Waiting Acknowledgment,"
Section 3.2.6.7.

When the network side or user side is in the own receiver busy condition, it may still
transmit | frames, provided that a peer receiver busy condition does not exist.
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Note: Any DL-DATA-REQUEST primitives received while in the timer recovery
condition shall be queued.

3.2.6.2 Receiving | Frames

Independent of a timer recovery condition, when a data link layer entity is not in an
own receiver busy condition and receives a valid | frame whose send sequence number
is equal to the current receive state variable V(R), the following shall be done by the
data link layer entity.

» Pass the information field of this frame to Layer 3 using the
DL-DATA-INDICATION primitive

e Increment by 1 its receive state variable V(R), and act as indicated in the next
section.

3.2.6.2.1 P Bit Setto 1

If the P bit of the received | frame was set to "1", the data link layer entity shall
respond to its peer in one of the following ways:

« If the data link layer entity receiving the | frame is still not in an own receiver
busy condition, it shall send an RR response with the F bit set to "1".

o If the data link layer entity receiving the | frame enters the own receiver busy
condition upon receipt of the | frame, it shall send an RNR response with the F bit
set to "1".

3.2.6.2.2 P Bit Setto "0’
If the P bit of the received | frame was set to "0" and:

» If the data link layer entity is still not in an own receiver busy condition:

— If no | frame is available for transmission or if an | frame is available for
transmission but a peer receiver busy condition exists, the data link layer
entity shall transmit an RR response with the F bit set to "0".

— If an | frame is available for transmission and no peer receiver busy condition
exists, the data link layer entity shall transmit the | frame with the value of
N(R) set to the current value of V(R) as defined in "Transmitting | Frames,"
Section 3.2.6.1.

» If, on receipt of this | frame, the data link layer entity is now in an own receiver
busy condition, it shall transmit an RNR response with the F bit set to "0".

When the data link layer entity is in an own receiver busy condition, it shall process
any received | frame according to "Data Link Layer Own Receiver Busy Condition,”
Section 3.2.6.6.

3.2.6.3 Sending and Receiving Acknowledgments
3.2.6.3.1 Sending Acknowledgments

Whenever a data link layer entity transmits an | frame or a supervisory frame, the
value of N(R) shall be set equal to the value of V(R).

3.2.6.3.2 Receiving Acknowledgments

On receipt of a valid | frame or supervisory frame (RR, RNR, or REJ), even in the own
receiver busy or timer recovery condition, the data link layer entity shall treat the
N(R) contained in this frame as an acknowledgment for all the | frames it has
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transmitted with an N(S) up to and including the received N(R) - 1. The value of the
acknowledge state variable V(A) shall be set to the value of N(R). The data link layer
entity shall reset the Timer T200 on receipt of a valid | frame or supervisory frame
with the N(R) higher than V(A) (actually acknowledging some | frames), or an REJ
frame with an N(R) equal to the V(A).

Note 1: If a supervisory frame with the P bit set to "1" has been transmitted and not
acknowledged, Timer T200 shall not be reset.

Note 2: Upon receipt of a valid | frame, Timer T200 shall not be reset if the data
link layer entity is in the peer receiver busy condition.

If Timer T200 has been reset by the receipt of an I, RR, or RNR frame, and if there
are outstanding | frames still unacknowledged, the data link layer entity shall restart
Timer T200. If Timer T200 then expires, the data link layer entity shall follow the
recovery procedure as defined in "Waiting Acknowledgment,” Section 3.2.6.7, with
respect to the unacknowledged | frames.

If Timer T200 has been reset by the receipt of an REJ frame, the data link layer
entity shall follow the retransmission procedures in "Receiving REJ Frames," Section
3.2.6.4.

3.2.6.4 Receiving REJ Frames
On receipt of a valid REJ frame, the data link layer entity shall act as follows:

o If it is not in the timer recovery condition:
— Clear an existing peer receiver busy condition.

— Set its send state variable V(S) and its acknowledge state variable V(A) to the
value of the N(R) contained in the REJ frame control field.

— Stop Timer T200.
— Start Timer T203, if implemented.

— Transmit a corresponding | frame as soon as possible, as defined in
"Transmitting | Frames," Section 3.2.6.1, taking into account items i) to iii)
and the last paragraph in this section.

— Send a protocol violation to the connection management entity by means of the
MDL-ERROR-INDICATION primitive, if it was a REJ response frame with the
F bit set to "1".

e If it is in the timer recovery condition and the frame is a REJ response frame with
the F bit set to "1", the following occurs:

— Clear an existing peer receiver busy condition.

— Set its send state variable V(S) and its acknowledge state variable V(A) to the
value N(R) contained in the REJ frame control field.

— Stop Timer T200.
— Start Timer T203, if implemented.
— Enter the multiple-frame-established state.

— Transmit corresponding | frame as soon as possible, as defined in
"Transmitting | Frames," Section 3.2.6.1, taking into account items i) to iii)
and the last paragraph in this section.
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o Ifitis in the timer recovery condition and the frame is a REJ frame other than a
REJ response frame with the F bit set to "1":

— Clear an existing peer receiver busy condition.

— Set its acknowledge state variable V(A) to the value of the N(R) contained in
the REJ frame control field.

— If it was a REJ command frame with the P bit set to "1", transmit an
appropriate supervisory response frame with the F bit set to "1". (See the
following Note.)

Note: If the data link layer entity is not in an own receiver busy condition and is in
a reject exception condition (that is, an N(S) sequence error has been received, and a
REJ frame has been transmitted, but the requested | frame has not been received),
the appropriate supervisory frame is RR.

If the data link layer entity is not in an own receiver busy condition but is in an N(S)
sequence error exception condition (that is, an N(S) sequence error has been received
but a REJ frame has not been transmitted), the appropriate supervisory frame is the
REJ frame.

If the data link layer entity is in its own receiver busy condition, the appropriate
supervisory frame is the RNR frame.

Otherwise, the appropriate supervisory frame is the RR frame.
Transmission of | frames shall take account of the following:

i. If the data link layer entity is transmitting a supervisory frame when it receives
the REJ frame, it shall complete that transmission before commencing
transmission of the requested | frame.

ii. If the data link layer entity is transmitting a SABME command, a DISC
command, a UA response or a DM response when it receives the REJ frame, it
shall ignore the request for retransmission.

iii. If the data link layer entity is not transmitting a frame when the REJ is
received, it shall immediately commence transmission of the requested | frame.

All outstanding unacknowledged | frames, commencing with the | frame identified in
the received REJ frame, shall be transmitted. Other | frames not yet transmitted may
be transmitted following the retransmitted | frames.

3.2.6.5 Receiving RNR Frames

After receiving a valid RNR command or response, if the data link layer entity is not
engaged in a mode-setting operation, it shall set a peer receiver busy condition and:

» If it was an RNR command with the P bit set to "1", it shall respond with an RR
response with the F bit set to "1" if the data link layer entity is not in an own
receiver busy condition, and shall respond with an RNR response with the F bit
set to "1" if the data link layer entity is in an own receiver busy condition.

e If it was an RNR response with the F bit set to "1", an existing timer recovery
condition shall be cleared and the N(R) contained in this RNR response shall be
used to update the send state variable V(S).

The data link layer entity shall take note of the peer receiver busy condition and not
transmit any | frames to the peer that has indicated the busy condition (see Note 1).
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Note: The N(R) in any received supervisory command (including RNR) with P bit set
to "1" will not be used to update send state variable V(S).

The data link layer entity shall then:

e Treat the receive sequence number N(R) contained in the received RNR frame as
an acknowledgment for all the | frames that have been (re)transmitted with an
N(S) up to and including N(R) minus 1, and set its acknowledge state variable
V(A) to the value of the N(R) contained in the RNR frame.

» Restart Timer T200 unless a supervisory response frame with the F bit set to "1"
is still expected.

If Timer T200 expires, the data link layer entity shall:

e If it is not yet in a timer recovery condition, enter the timer recovery condition and
reset the retransmission count variable.

o Ifitis already in a timer recovery condition, add one to its retransmission count
variable.

The data link layer entity shall then:
» If the value of the retransmission count variable is less than N200:
— Transmit an appropriate supervisory command (Note 2) with a P bit set to "1"
— Restart Timer T200.

» If the value of the retransmission count variable is equal to N200, initiate a
re-establishment procedure as defined in "Reestablishment of Multiple Frame
Operation," Section 3.2.7, and indicate this by means of the
MDL-ERROR-INDICATION primitive to the connection management entity.

The data link layer entity receiving the supervisory frame with the P bit set to "1"

shall respond, at the earliest opportunity, with an appropriate supervisory response
frame (Note 2) with the F bit set to "1", to indicate whether or not its own receiver

busy condition still exists.

Upon receipt of the supervisory response with the F bit set to "1", the data link layer
entity shall reset Timer T200.

» If the response is an RR or REJ response, the peer receiver busy condition is
cleared and the data link layer entity may transmit new | frames or retransmit |
frames as defined in "Transmitting | Frames," Section 3.2.6.1, or "Receiving REJ
Frames,” Section 3.2.6.4, respectively.

» If the response is an RNR response, the data link layer entity receiving the
response shall proceed according to this "Receiving RNR Frames," Section 3.2.6.5,
first paragraph.

If a supervisory command (RR, RNR, or REJ) with the P bit set to "0" or "1", or a
supervisory response frame (RR, RNR, or REJ) with the F bit set to "0" is received
during the inquiry process, the data link layer entity shall:

» If the supervisory frame is an RR or REJ command frame or an RR or REJ
response frame with the F bit set to "0", clear the peer receiver busy condition and
if the supervisory frame received was a command with the P bit set to "1",
transmit the appropriate supervisory response frame (Note 2) with the F bit set to
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"1". However, the transmission or retransmission of | frames shall not be
undertaken until the appropriate supervisory response frame with the F bit set to
"1" is received.

e If the supervisory frame is an RNR command frame or an RNR response frame
with the F bit set to "0", retain the peer receiver busy condition and if the
supervisory frame received was an RNR command with the P bit set to "1",
transmit the appropriate supervisory response frame (Note 2) with the F bit set to
"1". The inquiry of the peer status shall be repeated after expiry of Timer T200, or
after expiry of Timer T200 following the receipt of the RNR response with the F
bit set to "1".

Upon receipt of a SABME command, the data link layer entity shall clear the peer
receiver busy condition.

Note: If the data link layer entity is not in an own receiver busy condition and is in
a reject exception condition [that is, an N(S) sequence error has been received, and a
REJ frame has been transmitted, but a requested | frame has not been received], the
appropriate supervisory frame is the RR frame.

If the data link layer entity is not in an own receiver busy condition but is in an N(S)
sequence error exception condition (that is, an N(S) sequence error has been received
but a REJ frame has not been transmitted), the appropriate supervisory frame is the
REJ frame.

If the data link layer entity is in its own receiver busy condition, the appropriate
supervisory frame is the RNR frame.

3.2.6.6 Data Link Layer Own Receiver Busy Condition

When the data link layer entity enters an own receiver busy condition, it shall
transmit an RNR frame at the earliest opportunity.

The RNR frame may be either:
* An RNR response with the F bit set to "0"

» If this condition is entered on receiving a command frame with the P bit set to "1",
an RNR response with the F bit set to "1"

» If this condition is entered on expiry of Timer T200, an RNR command with the P
bit set to "1".

All received | frames with the P bit set to "0" shall be discarded, after updating the
acknowledge state variable V(A).

All received supervisory frames with the P/F bit set to "0" shall be processed,
including updating the acknowledge state variable V(A).

All received | frames with the P bit set to "1" shall be discarded, after updating the
acknowledge state variable V(A). However, an RNR response frame with the F bit set
to "1" shall be transmitted.

All received supervisory frames with the P bit set to "1" shall be processed including
updating the acknowledge state variable V(A). An RNR response with the F bit set to
"1" shall be transmitted.

To indicate to the peer data link layer entity the clearance of the own receiver busy
condition, the data link layer entity shall transmit an RR frame or, if a previously
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detected N(S) sequence error has not yet been reported, an REJ frame with the N(R)
set to the current value of the receive state variable V(R).

The transmission of a SABME command or a UA response (in reply to a SABME
command) also indicates to the peer data link layer entity the clearance of the own
receiver busy condition.

3.2.6.7 Waiting Acknowledgment
The data link layer entity shall maintain an internal retransmission count variable.

If Timer T200 expires, the data link layer entity shall do the following:

e If it is not yet in the timer recovery condition, enter the timer recovery condition
and reset the retransmission count variable.

o Ifitis already in timer recovery condition, add one to its retransmission count
variable.

The data link layer entity shall then do the following:
» If the value of the retransmission count variable is less than N200:

— Restart Timer T200; and either Transmit an appropriate supervisory command
(see Note 2 in "Receiving RNR Frames," Section 3.2.6.5) with the P bit set to
"1

— Retransmit the last transmitted | frame [V(S) - 1] with the P bit set to "1".

» If the value of the retransmission count variable is equal to N200, initiate a
reestablishment procedure as defined in "Reestablishment of Multiple Frame
Operation," Section 3.2.7, and indicate this by means of the
MDL-ERROR-INDICATION primitive to the connection management entity.

The timer recovery condition is cleared when the data link layer entity receives a
valid supervisory frame response with the F bit set to "1". If the received supervisory
frame N(R) is within the range from its current state variable V(A) to its current send
state variable V(S) inclusive, it shall set its send state variable V(S) to the value of the
received N(R). Timer T200 shall be reset if the received supervisory frame response is
an RR or REJ response, and then the data link layer entity shall resume with | frame
transmission or retransmission, as appropriate. Timer T200 shall be reset and
restarted if the received supervisory response is a Receive Not Ready (RNR) response,
to proceed with the enquiry process according to "Receiving RNR Frames," Section
3.2.6.5.

3.2.7 REESTABLISHMENT OF MULTIPLE FRAME OPERATION
3.2.7.1 Criteria for Reestablishment

The criteria for reestablishing the multiple frame mode of operation are defined in this
section by the following conditions:

» The receipt, while in the multiple-frame mode of operation of a SABME

* The receipt of a DL-ESTABLISH-REQUEST primitive from Layer 3 (see
"Establishment of Multiple Frame Operation," Section 3.2.5.1)

» The occurrence of N200 retransmission failures while in the timer recovery
condition (see "Waiting Acknowledgment,” Section 3.2.6.7)
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* On the occurrence of a frame rejection condition as identified in "Frame Rejection
Condition," Section 3.2.8.5

e On the receipt, while in the multiple-frame mode of operation, of an FRMR
response frame (see "Receipt of an FRMR Response Frame," Section 3.2.8.6)

e The receipt, while in the multiple-frame mode of operation, of an unsolicited UA
(F=1), or DM response

» The receipt, while in the timer-recovery condition, of a DM response with the F bit
set to "1".

3.2.7.2 Procedures

If a data link layer initiates a reestablishment procedure, this shall be indicated to the
management entity by means of a primitive MDL-ERROR-INDICATION and the
contents of all I queues will be discarded.

In all reestablishment situations, the procedures defined in "Establishment of Multiple
Frame Operation,” Section 3.2.5.1, shall be used. After successful reestablishment
initiated by the data link layer, the primitive DL-ESTABLISH-INDICATION shall be
used to inform Layer 3. In the case of Layer 3 initiated reestablishment or if a
DL-ESTABLISH-REQUEST occurs pending reestablishment, the primitive
DL-ESTABLISH shall be used.

3.2.8 EXCEPTION CONDITION REPORTING AND RECOVERY

Exception conditions may occur as the result of physical layer errors or data link layer
procedural errors.

The error recovery procedures available to effect recovery following the detection of an
exception condition at the data link layer are defined in this section.

3.2.8.1 N(S) Sequence Error

An N(S) sequence error exception condition occurs in the receiver when a valid | frame
is received that contains an N(S) value not equal to the receive state variable V(R) at
the receiver. The information field of all I frames whose N(S) does not equal the
receive state variable V(R) shall be discarded.

The receiver shall not acknowledge (or increment its receive state variable) the |
frame causing the sequence error, or any | frames that may follow, until an | frame
with the correct N(S) is received.

A data link layer entity that receives one or more | frames with sequence errors but
otherwise error-free, or subsequent supervisory frames (RR, RNR, and REJ), shall use
control field information contained in N(R) field and the P or F bit to perform data
link control functions; for example, to receive acknowledgment of previously
transmitted | frames and to cause the data link layer entity to respond if P bit is set
to "1". Therefore, the retransmitted | frame may contain an N(R) field value and a P
bit that are updated from, and therefore different from, ones contained in the
originally transmitted | frame.

The REJ frame is used by a receiving data link layer entity to initiate an exception
condition recovery (retransmission) following the detection of an N(S) sequence error.

Only one REJ exception condition for a given direction of information transfer shall be
established at a time.
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A data link layer entity receiving a REJ command or response shall initiate sequential
transmission (retransmission) of | frames starting with the | frame indicated by the
N(R) contained in the REJ frame.

A REJ exception condition is cleared when the requested | frame is received or when a
SABME or DISC command is received.

3.2.8.2 N(R) Sequence Error

An N(R) sequence error exception condition occurs in the transmitter when a valid
supervisory frame or | frame is received that contains an invalid N(R) value. A valid
N(R) is one that is in the range V(A) < N(R) < V(S).

The information field contained in an | frame correct in sequence and format may be
delivered to Layer 3 by means of the DL-DATA-INDICATION primitive.

The data link layer entity shall inform the connection management entity of this
exception condition by means of the MDL-ERROR-INDICATION primitive, and
initiate reestablishment (which may be preceded by an FRMR) according to
"Procedures,” Section 3.2.7.2.

3.2.8.3 Timer Recovery Condition

If a data link layer entity, due to a transmission error, does not receive a single |
frame or the last | frame(s) in a sequence of | frames, it will not detect an
out-of-sequence exception condition and therefore will not transmit a REJ frame.

The data link layer entity that transmitted the unacknowledged | frame(s), shall on
the expiry of Timer T200, take appropriate recovery action as defined in "Waiting
Acknowledgment,” Section 3.2.6.7, to determine at what | frame retransmission must
begin.

3.2.8.4 Invalid Frame Condition

Any frame received that is invalid (as defined in "Invalid Frames," Section 3.1.1.8, and
"Commands and Responses,” Section 3.1.2.5.1) shall be discarded, and no action shall
be taken as a result of that frame.

3.2.8.5 Frame Rejection Condition

A frame rejection condition results from one of the conditions described in "Commands
and Responses,” Section 3.1.2.5.1, (third paragraph) or "Frame Reject (FRMR)
Response,” Section 3.1.2.5.11, Items b, ¢, and d.

If a frame rejection condition occurs while in multiple frame operation, the following
shall be done by the data link layer entity.

* Issue an MDL-ERROR-INDICATION primitive
* Initiate reestablishment (see "Procedures," Section 3.2.7.2).

If a frame rejection condition occurs during establishment or release from multiple
frame operation, or while a data link is not established, the data link layer entity
shall:

e Issue an MDL-ERROR-INDICATION primitive

e Otherwise treat the frame as an invalid frame (see "Invalid Frame Condition,"
Section 3.2.8.4).
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3.2.8.6 Receipt of an FRMR Response Frame

Upon receipt of an FRMR response frame in the multiple-frame mode of operation, the
data link layer entity shall:

* Issue an MDL-ERROR-INDICATION primitive
* Initiate reestablishment (see "Procedures," Section 3.2.7.2).

3.2.8.7 Unsolicited Response Frames

Action to be taken on receipt of an unsolicited response frame is defined in Table
3.2-3.

The data link layer entity shall assume possible dual-TEI assignment on the receipt of
an unsolicited UA response and shall inform layer management.

Table 3.2-3 — Actions Taken on Receipt of Unsolicited Response Frames

UNSOLICITED | TEI-ASSIGNED AWAITING AWAITING MULTIPLE TIMER
RESPONSE ESTABLISHMENT RELEASE FRAME MODES RECOVERY
FRAME OF OPERATION CONDITION
UA response MDL-Error Solicited Solicited Ignore MDL-Error
F=1 Indication Indication
Reestablish
UA response MDL-Error MDL-Error MDL-Error Ignore MDL-Error
F=0 Indication Indication Indication Indication
Reestablish
DM response MDL-Error Solicited Solicited MDL-Error MDL-Error
F=1 Indication Indication Indication
Reestablish Reestablish
DM response Ignore Ignore Ignore Reestablish Reestablish
F=0 MDL-Error MDL-Error
Indication Indication
Supervisory Ignore Ignore Ignore MDL-Error Solicited
Response Indication
F=1
Supervisory Ignore Ignore Ignore Solicited Solicited
Response F =0

3.2.8.8 Double Assignment of a TEI Value

A data link layer entity shall assume double assignment of a TEI value and initiate
recovery as specified by the following list:

* The receipt of a UA response frame while in the multiple-frame-established state
* The receipt of a UA response frame while in the timer recovery state
» The receipt of a UA response frame while in the TEIl-assigned state.

A data link layer entity, after assuming double assignment of a TEI value, shall
inform connection management entity by means of primitive
MDL-ERROR-INDICATION.

3.2.9 LIST OF SYSTEM PARAMETERS

System parameters listed as follows are associated with each service access point. A
method of assigning these parameters is defined in "Automatic Negotiation of Data
Link Layer Parameters and Link Test Procedure,” Section 3.2.4.
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The term default implies that the value defined will be used in the absence of any
assignment or negotiation of alternative values.

3.2.9.1 Timer T200

The default value for Timer T200 at the end of which transmission of a frame may be
initiated according to the procedures described in "Procedures for Information Transfer
in Multiple Frame Operation," Section 3.2.6, shall be 1 second.

Note 1: The proper operation of the procedure requires that Timer T200 be greater
than the maximum time between transmission of command frames and the reception
of their corresponding response or acknowledgment frames.

Note 2: When an implementation includes multiple terminals on the user side
together with a satellite connection in the transmission path, a value of T200 greater
than 1 second may be necessary; 2.5 seconds is suggested.

3.2.9.2 Maximum Number of Retransmissions (N200)

The maximum number of retransmissions of a frame (N200) is a system parameter.
The default value of N200 shall be 3.

3.2.9.3 Maximum Number of Octets in an Information Field (N201)

The maximum number of octets in an information field (N201) is a system parameter.
(See "Information Field," Section 3.1.1.4.)

e For SAPs supporting signaling, the default value shall be 260 octets.
e For SAPs supporting packet information, the default value shall be 260 octets.

3.2.9.4 Maximum Number of Transmissions of TEI Identity Request Message (N202)

The maximum number of transmissions of a TEI Identity request message (when the
user requests a TEI) is a system parameter. The default value of N202 shall be 3.

3.2.9.5 Maximum Number of Outstanding | Frames (k)

The maximum number (k) of sequentially numbered | frames that may be outstanding
(that is, unacknowledged) at any given time is a system parameter that shall not
exceed 127, for extended (modulo 128) operation.

» For SAPs supporting basic access D-channel (16 kbps) signaling, the default value
shall be 1.

e For SAPs supporting basic access D-channel (16 kbps) X.31 packet information,
the default shall be 3.

3.2.9.6 Timer T201

The minimum time between retransmission of the TEI Identity check messages (T201)
is a system parameter that shall be set to T200 seconds.

3.2.9.7 Timer T202

The minimum time between the transmission of TEI Identity request messages is a
system parameter (T202) that shall be set to 2 seconds.

3.2.9.8 Timer T203
The default value of Timer T203 shall be 30 seconds.
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3.2.10 DATA LINK LAYER MONITOR FUNCTION

The procedural elements defined in "Definition of the Peer-to-Peer Procedures of the
Data Link Layer," Section 3.2, allow for the supervision of the data link layer
resource. This section describes procedures that may be used to provide this
supervision function. The use of this function is optional.

3.2.10.1 Data Link Layer Supervision in the Multiple-Frame-Established State

The procedures specified herein propose a solution that is already identified in the
HDLC classes of procedures. Connection verification is a service provided by data link
layer to Layer 3. This implies that Layer 3 is informed in case of a failure only.
Furthermore, the procedure may be incorporated in "normal” exchange of information
and may become more efficient than a procedure based on involvement of Layer 3.

The procedure is based on supervisory command frames (RR command, RNR
command) and a Timer T203 and operates in the multiple-frame-established state as
follows.

If there are no frames being exchanged on data link connection (neither new nor
outstanding | frames, and no supervisory frames with a P bit set to "1" etc.), there is
no means to detect a faulty data link connection condition or whether user equipment
has been unplugged. Timer T203 represents maximum time allowed without frames
being exchanged.

If Timer T203 expires, a supervisory command with a P bit set to "1" is transmitted.
Such a procedure is protected against transmission errors, by making use of the
normal Timer T200 procedure including retransmission count and N200 attempts.

3.2.10.2 Connection Verification Procedures
3.2.10.2.1 Start Timer T203
The Timer T203 is started:

* When the multiple-frame-established state is entered
* In the multiple-frame-established state whenever T200 is stopped.

Note: These two conditions mean that Timer T203 is only started whenever T200 is
stopped and not restarted.

An example of such an event is the receipt of an I or supervisory frame that
acknowledges all outstanding | frames.

3.2.10.2.2 Stop Timer T203
The Timer T203 is stopped:

* When in the multiple-frame-established state, the Timer T200 is started
» Upon leaving the multiple-frame-established state.

3.2.10.2.3 Expiry of Timer T203

If Timer T203 expires, the data link layer entity will act as follows (it will be noted
that Timer T200 is neither running nor expired):

e Set the retransmission count variable to 0

+ Enter timer recovery state
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* Transmit a supervisory command with the P bit set to "1" as follows:

— If there is not a receiver busy condition (own receiver not busy), transmit an
RR command

— If there is a receiver busy condition (own receiver busy), transmit an RNR
command.

e Start Timer T200
o Attempt to retransmit the command after T200 expiry
» Attempt to reestablish the data link after N200 retransmissions

* Send MDL-ERROR-INDICATION primitive to connection management and
DL-RELEASE-INDICATION to Layer 3 after N200 attempts at reestablishment.
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3.3 AN SDL REPRESENTATION OF THE POINT TO POINT PROCEDURES OF THE
DATA LINK LAYER

3.3.1 INTRODUCTION

The purpose of this section is to provide one example of an SDL representation of the
point-to-point procedures of the data link layer, to assist in the understanding of this
specification. This representation does not describe all of the possible actions of the
data link layer entity, as a nonpartitioned representation was selected in order to
minimize its complexity. The SDL representation does not therefore constrain
implementations from exploiting the full scope of the procedures as presented within
the text of this specification. The text description of the procedures is definitive.

Representation is a peer-to-peer model of point-to-point procedures of the data link
layer and is applicable to the data link layer entities at both the user and network
sides for all ranges of TEI values. (See Figure 3.3-1.) A key to symbols is provided as
Figure 3.3-2. See Figures 3.3-4, 3.3-5, 3.3-6, 3.3-7, 3.3-8, 3.3-9, 3.3-10, 3.3-11, 3.3-12,
3.3-13, 3.3-16, 3.3-17, and 3.3-18 for the SDL representations.

Service User Service User
(user side) (network side)

<] > - >

Connection Point to Point Data Link Point to Point Connection
Management Procedures Peerto Peer Procedures Management
Connection

Layer Layer
Management Management Peerto Peer Management

(SAPI=63; TEI=127)

Figure 3.3-1 — Data Link Service Entities

The functions of the connection management and layer management entities within
this model are as follows:

» Connection Management (one per data link layer entity) provides:
— Link Test Procedures
— Parameter Notification Procedures.
e Layer Mangement provides:
— TEI Assignment Procedures
— TEI Removal Procedures
— TEI Check Procedures.
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An overview SDL presentation of these management entities is contained in the LM
figures of the SDL diagrams.

3.3.2 OVERVIEW OF THE STATES OF THE POINT-TO-POINT DATA LINK LAYER
ENTITY

The SDL representation of the point-to-point procedures are based on an expansion of
the three basic states identified in the Q.920 document to the following eight states:

1. TEI unassigned

Assign awaiting TEI
Establish awaiting TEI
TEI assigned

Awaiting establishment

Awaiting release

N oo g bk~ w N

Multiple frame established
8. Timer recovery.

An overview of the inter-relationship of these states is provided in Figure 3.3-3. This
overview is incomplete and serves only as an introduction to the SDL representation.
All data link layer entities are conceptually initiated in the TEI unassigned state
(State 1), and will interact with the management entity in order to request a TEI
value. TEI assignment initiated by a unit data request will cause the data link layer
entity to move to the TEI assigned state (State 4) through the assign awaiting TEI
state (State 2). Initiation by an establishment request will cause a transition to the
awaiting establishment state (State 5) through the establish awaiting TEI state (State
3). Direct TEI assignment will cause an immediate transition to the TEI assigned
state (State 4). In States 4-8, unit date requests can be directly serviced by the data
link layer entity. The receipt of an establish request in the TEI assigned state (State
4) will cause the initiation of the establishment procedures and the transition to the
awaiting establishment state (State 5). Completion of the LAP establishment
procedures takes the data link layer entity into the multiple-frame-established state
(State 7). Peer initiated establishment causes a direct transition from the TEI
assigned state (State 4) to the multiple-frame-established state (State 7). In the
multiple-frame-established state (State 7), acknowledged data transfer requests can be
serviced directly subject, to the restrictions of the procedures. Expiry of the Timer
T200, which is used in both the flow control and data transfer aspects of the data link
layer entity’s procedures initiates the transition to the timer recovery state (State 8).
Completion of the timer recovery procedures will return the data link layer entity to
the multiple-frame-established state (State 7). In States 7 and 8 of the SDL
representation, the following conditions that are identified within the specification are
observed:

e Peer receiver busy
* Reject exception
e Own receiver busy.

In addition, other conditions are used in order to avoid identification of additional
states. The complete combination of both of these categories of conditions with the
eight states of the SDL representation, is the basics for the state transition table

Page 3.3-2 Issue 6.00
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description of the data link layer entity. Although a peer initiated LAP release will
take the data link layer entity directly into the TEI assigned state (State 4), a release
request will be through the awaiting release state (State 6). The TEI removal will
cause a transition to the TEI unassigned state (State 1).

3.3.3 COVER NOTES

See Figure 3.3-2 for symbols used within this description. A full description of their
meaning and application can be found in the Z series.

3.3.4 THE USE OF QUEUES

To enable a satisfactory representation of the data link layer entity, conceptual queues
for the Ul and | frame transmission are explicitly brought out. These conceptual
gueues are infinite and will in no way restrict the implementation of the point-to-point
procedures. Two additional signals are provided in order to cause the servicing of
these queues to be initiated—frame queued up and | frame queued up.
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State.

Event occurrence.

Signal generation (which will lead to an
associated event occurrence).

Save an event (until completion of a transition).

Process description.

Test.

Procedure call.

Implementation option.

Procedure de@nition.

Procedure end.

To mark an event or signal required as a result of the representation

10. approach adopted which is local to the data link layer entity.

11. Continuation

- e 00000NC

Figure 3.3-2 — Key to Symbols

Page 3.3-4 Issue 6.00



235-900-341
October 1999

Peer Initiated__|
LAP Release

> Assignment
Assign
Awaiting TEI

]

Completed

6
Awaiting
Release

Request

Release
Request

(

. LAP Release

Peer Initiated __|
LAP Release

7
Multiple Frame
Established /=—
Release

1
TEI
Unassigned
Unit Data

Request
- TEI _|
Assignment
TEI TEI

4
TEI
Assigned Establish
‘ Request

!

DATA LINK LAYER

|, Establish
Request

" Removal 3
Establish
Awaiting TEI

. TEIl Assignment

Peer
. Initiated LAP
Establishment

. T200 Timer
Expiry

8
Timer
Recovery

Establishment

5 :
@aiting

L LAP Establishment
Completed

. Completion of
Timer Recovery

Figure 3.3-3 — TEI Assignment Procedure State Diagram
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1

TEI
UNASSIGNED

NOTE 1 NOTE 1 NOTE 2
DL MDL
ESTABLISH D5 NIT ASSIGN
REQUEST REQUEST REQUEST
MDL MDL
ASSIGN ASSIGN SAVE
INDICATION INDICATION

3
ESTABLISH UNIT DATA
AWAITING INTO ASSIGNED
TEI UI QUEUE
*
Ul FRAME
QUEUED UP

ASSIGN
AWAITING
TEI

* Processing of Ul frame queued up is described in
Figure 3.3-12.

NOTE 1: The use of these events on the network side is
for further study.

NOTE 2: This primitive may be implemented over a
geographically distributed architecture. This primitive
may occur on initialization for fixed TEIls at the network
side, or as appropriate in order to correctly process a
frame carrying a fixed TEI.

Figure 3.3-4 — State 1—TEI Unassigned
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2
ASSIGN

AWAITING
TEI

Ul FRAME
QUEUED UP

DL DL UNIT MDL
ESTABLISH 5ATA ASSIGN ERROR
REQUEST REQUEST REQUEST RESPONSE
3
SRR ) | RRET | s || g
Ul QUEUE Q
*
Ul FRAME TEI
QUEUED UP ASSIGNED

ASSIGN
AWAITING
TEI

* Processing of Ul frame queued up is described in

Figure 3.3-12.
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Figure 3.3-5 — State 2—Assign Awaiting TEI
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*
MDL MDL
DL ANIT ASSIGN ERROR QUEGED TP

REQUEST REQUEST RESPONSE
UN|”T\l TD(SATA SAVE DISCARD

Ul DUSUE TEI Ul QUEUE

*
QUlJ ES@BAEP ESTABLISH REPE"ASE
DLIA’\TIQ INDICATION

3
ESTABLISH SET
AWAITING LAYER 3
TEI INITIATED

* Processing of Ul frame queued up is described in

Figure 3.3-12.

AWAITING
ESTABLISHMENT

TEI
UNASSIGNED

k

Figure 3.3-6 — State 3—Establish Awaiting TEI
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4
TEI
ASSIGNED

DATA LINK LAYER

SABME

DISC

DL MDL
ESTABLISH DL RELE%SE REMOVE
REQUEST REQUEST REQUEST
BATALINK DL RELEASE
CONFIRM
SET 4
LAYER 3 TEI
INITIATED ASSIGNED
AWATTING
ESTABLISHMENT TXDM
TEI
ASSIGNED

Issue 6.00

Figure 3.3-7 — State 4—TEI Assigned (1 of 2)

CLEAR
EXCEPTION
CONDITIONS|

DL
ESTABLISH
INDICATION

STOP T200
START T203

7
MULTIPLE
FRAME
ESTABLISHED

TEI
ASSIGNED
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4
TEI
ASSIGNED
Supervisory

UA DM ! Command
(RR,REJ,RNR)

MDL
ERROR
INDICATION

4
TEI
ASSIGNED

MDL
ERROR
INDICATION

i 4 :
TEI
4 F=1 ASSIGNED
TEI
ASSIGNED

TX DM

i 4 :
TEI
ASSIGNED

Figure 3.3-7 — State 4—TEI Assigned (2 of 2)
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5
AWAITING
ESTABLISHMENT

DATA LINK LAYER

NOTE
DL MDL
ESTABLISH REMOVE SABME DISC UA
REQUEST REQUEST
MDL-ERROR
DISGARD DISCARD F=pP F=p DICATION
QUEUE QUEUE
! ! 5
< DL ESTAA\\/EI;/CEW»%ENT
SE DISCARD A DM ESTABLISH
LAYER 3 CONFIRM
INITIATED QUEUE
AWATTING DL AWATTING AWARFING STOP T200
ESTABLISHMENT |NFE>%E$|SOEN ESTABLISHMENT ESTABLISHMENT START T203

STOP T200

7
MULTIPLE
FRAME
ESTABLISHED

NOTE: Only possible in cases of Layer 2 Initiated Re-establishment

Figure 3.3-8 — State 5—Awaiting Establishment (1 of 2)
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TIMER
T200
EXPIRY

DM

DL-DATA
REQUEST

DISCARD
REQUEST

RC=N200
N
AWAITING
ESTABLISHMENT
DISCARD
DISCARD RC =RC+1 I QUEUE
1 QUEUE
MDL
ERROR p=1 ERROR
INDICATION INDICATION
RELEASE DL
TX SABME RELEASE
INDICATION INEEEEARE
4
TEI
STOP T200 START T200 ASSIGNED

i 4 :
TEI
ASSIGNED

Page 3.3-12

AWAITIN
ESTABLISHMENT

5

5
AWAITING
ESTABLISHMENT

Figure 3.3-8 — State 5—Awaiting Establishment (2 of 2)
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< 6 >
AWAITING
RELEASE

MDL
REMOVE SABME DISC UA
REQUEST

DISCARD N

QUEUE

6
TX DM RELEASE AWAITING
RELEASE TX UA RELEASE RELEASE
AWAPTING 6
STOP T200 RELEASE ANNTING STOP T200
1
I THI
UNASSIGNED asdENED

Figure 3.3-9 — State 6—Awaiting Release (1 of 2)
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RELEASE

STOP T200

4
TEI
ASSIGNED

Page 3.3-14

< 6 >
AWAITING
RELEASE

TIMER
T200
EXPIRY

Y
RC = N200

N

RC =RC+1

START T200

< 6 >
AWAITING
RELEASE

Figure 3.3-9 — State 6—Awaiting Release (2 of 2)

MDL
ERROR
INDICATION

DL
RELEASE

4
TX TEI
DISC ASSIGNED
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7
MULTIPLE
FRAME
ESTABLISHED

DL DL
ESTABLISH RELEASE DAFA | FRAME
REQUEST REQUEST REQUEST QUEUED UP
DISCARD DISCARD PUT IN
QUEUE QUEUE QUEUE

_ | FRAME Y
S QUEVES UP ¢
LINK
SET X 7 GET NEXT
LAYER 3 DIsC MILZJIIQ-XII\WIEE Ig\lul'l%?UYE
INITI»?\TED ESTABLISHED \L

-0 | FRAME

5
AWAITING
ESTABLISHMENT RESHRT 1300 P
[

8 T
'RECEASE COMMAND Note: The regeneration of this
signal does not affect the
sequence integrity of the | queue.

CLEAR
ACKNOWLEDGED|
PENDING

!

V(S)=V(S)+1

7
START T200
STOP T203 M;L:JIR?X}SIEE
ESTABLISHED

Figure 3.3-10 — State 7—Multiple Frame Established (1 of 8)
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7
( MULTIPLE )
FRAME
ESTABLISHED

TIMER
TIMER
ExBy 1203 REMOVE
0 EXPIRY REQUEST
RC=0 TRANSMIT DISGARD
ENQUIRY QUEUE
DISCARD
RC=0
QUEUE

y o DL
I PEER TIMER RELEASE
RECOVERY, INDICATION

[ T

TRANSMIT
ENQUIRY

GET LAST
TRANSMITTED STOP T200
| FRAME STOP T203

!

ORICR! 1
P=
TEI
UNASSIGNED,

T
COMMAND

V(S)=V(S) +1

CLEAR
ACKNOWLEDGE
PENDING

!

START T200

RC=RC+1

8
TIMER
RECOVERY

Figure 3.3-10 — State 7—Multiple Frame Established (2 of 8)
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7
MULTIPLE
FRAME
ESTABLISHED

DATA LINK LAYER

‘ ‘ NOTE ‘ NOTE ‘
RECENVER RECEIVER'
DISC
SABME bM BUSY BUSY
DISCARD DISCARD MDL OWN~_Y
ERROR RECEIVER
QUEUE QUEUE INDICATION BUSY
| | | P
DISCARD SET OWN
F=p F=p X RECEIVER CLEAR OWN
SUeY RECEIVER
\b \b QUEUE BUSY
EXCERTION o
UA
ESTABLISH F=0 F=0
CONDJ/TIONS q/ ESTABLISE
vz RELEASE Q/
= CLEAR TX RNR TXRR
VIR 20 INDICATION LAYER 3 RESENGsE re<HRRise
\\/ \b INITIATED d/ \b
MDL STOP T200 CLEAR CLEAR
ERROR STOP T203 ACKNOWLEDGE ACKNOWLEDGE
INDICATION PENDING PENDING
5
AWAITING
L & ESTABLISHMENT 7
ESTABLISH MULTIPLE
INDICATION ASSIGNED FRAME
ESTABLISHED
NOTE: These signals are generated
oTop 1200 outside of this SDL representation.

7
MULTIPLE
FRAME
ESTABLISHED

Figure 3.3-10 — State 7—Multiple Frame Established (3 of 8)
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7
MULTIPLE
FRAME
ESTABLISHED

RR
\b REJ
CLEAR PEER \v
RECEIVER
BUSY CLEAR PEER
RECEIVER
BUSY

‘0 = N N 0
\D Y
Y
ENOUIRY MDL MPE
RESPONSE

£MBER ERROR
INDICATION ENQUIRY
‘ INDIC‘ATION RESPONSE
V(A N N V(A
<=N <= <=N <=
V(s S

Y
N
V(A) = N(R)
\V Y
'
N(R
STOP T200 ERE&R
RESTART T203 RECOVERY
STOP T200
\V N \V START T203
RESTART T200 = 5 J/
V(A) = N(R) AWAITING
ESTABLISHMENT INVOKE
\V TRANSMISSION
V(A) = N(R)

7
MULTIPLE
7 FRAME
MULTIPLE ESTABLISHED
FRAME
ESTABLISHED

Figure 3.3-10 — State 7—Multiple Frame Established (4 of 8)
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7
MULTIPLE
FRAME
ESTABLISHED

RNR FRMR
SET PEER MDL
ERROR
RECEIVER INDICATION
N ESTABLISH
COMMAND —\L DATA LINK
Y
Y F=1
CLEAR
N N LAYER 3
pz1 > INITIATED
Y
5
MDL AWAITING
ENQUIRY ERROR ESTABLISHMENT
RESPONSE INDICATION
V(A N
<=N(R)<=
V(S
Y
¥
= ERROR
V(A) = N(R) RECOVERY
AWATTING
RESTART T200
STOP T203 ESTABLISHMENT

7
MULTIPLE
FRAME
ESTABLISHED

Figure 3.3-10 — State 7—Multiple Frame Established (5 of 8)
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FRAME
ESTABLISHED

|
COMMAND

¢

OWN Y
RECEIVER
BUSY.

\LN

®

@
$ v
V(R)= V(R) + 1

!

REJECT
EXCEPTION

DL
DATA
INDICATION

DISCARD
INFORMATION

ACKNOWLEDGE
PENDING

SET
ACKNOWLEDGE
PENDING

~

SET
REJECT
EXCEPTION
! \L
F=P
TX
F=P REJ
ieN CLEAR
RR ACKNOWLEDGE
PENDING

CLEAR
ACKNOWLEDGE
PENDING

N

* Processing of ACKNOWLEDGE PENDING is described

in the final diagram of this figure.

Figure 3.3-10 — State 7—Multiple Frame Established (6 of 8)
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PENDING
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N(R) =

DATA LINK LAYER

%

STO
RESTART T20:

P T200

N

RESTART T20Q

¥

V(A) = N(R)

>L
N(R) = V(A)

V(A) = N(R)

: 7 :
MULTIPLE
FRAME
ESTABLISHED

N(R
RROR
RECOVERY

5
AWAITING
ESTABLISHMENT

Figure 3.3-10 — State 7—Multiple Frame Established (7 of 8)
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i 7 :
MULTIPLE
FRAME
ESTABLISHED
CKNOWLEDGE
> PENDING
\ .
ACKNOWLEDGE
PE

Y
CLEAR MULTIPLE
ACKNOWLEDGE FRAME
PENDING ESTABLISHED
F=0

OWN Y
RECEIVER
Usy~

TX TX
RR RNR

i 7 :
MULTIPLE
FRAME
ESTABLISHED

Figure 3.3-10 — State 7—Multiple Frame Established (8 of 8)
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8
TIMER
RECOVERY

pL DL DL | FRAME TIMER MDL
ESTABLISH RELEASE DATA UEUED T200
REQUEST REQUEST REQUEST QUGS EXPIRY SEE(")"SI;’SET
DISCARD DISGARD PUTIN
QUEUE QUEUE | QUEUE
DISCARD
ESTABLISH RC=0 DISCARD o
DATA LINK P=1 QUEUE QUEUE
MDL DL
SET ™ ERROR RELEASE
LAYER 3
INITIATED DIsC INDICATION INDICATION
I It L
TERNA(SIUSI’\RAQ ESTABLISH STOP T200
AWAITING GET LAST
ESTABLISHMENT RESTART TRANSWITTED PR STOP T203
LAVERS
6 V(S) = V(S)-1
AWAITING QRS INITIATED
RELEASE
i
COMMAND
V(S) = V(S) +1
CLEAR
ACKNOWLEDGE
PENDING
START T200
L

8
TIMER
RECOVERY

Figure 3.3-11 — State 8—Timer Recovery (1 of 7)
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MDL
DISCARD DISCARD N ERROR
i F=1 INDICATION
QUEUE QUEUE
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SET OWN CLEAR OWN
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B - INDICATION \L BUSY BUSY
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DISCARD = _
UA UA 1 QUEUE LINK F=0 F=0
$ $ \b CLEAR
DL LAYER 3
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VH =0 §TOP 1200 LAYER S ESTABLISHMENT cLeAr LR
V(R) =0
INITIATED ACKNOWLEDGE ACKNOWLEDGE
PENDING PENDING
E'\FQB(L)R 4 AWAFTING \%%‘
TEI
INDICATION AsSENED ESTABLISHMENT

DL
ESTABLISH
INDICATION

STOP T200
START T203

7
MULTIPLE
FRAME
ESTABLISHED

TIMER
RECOVERY,

MDL
ERROR
INDICATION

NOTE: These signals are generated

outside of this SDL representation.

8
TIMER

RECOVERY

Figure 3.3-11 — State 8—Timer Recovery (2 of 7)
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RESPONSE
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_VQ/ _v%s =
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V(A) = N(R) RECOVERY VA =NR)

!

5
TIN?ER AWAITING STOP T200
RECOGERY ESTABLISHMENT START T203

INVOKE
RE-
TRANSMISSION

7
MULTIPLE
FRAME
ESTABLISHED

Figure 3.3-11 — State 8—Timer Recovery (3 of 7)
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TIMER
RECOVERY

RNR
SET PEER MDL
RECEIVER ERROR
BUSY INDICATION

ESTABLISH
DATA LINK

I

CLEAR
LAYER 3
INITIATED

ENQUIRY
RESPONSE

AWAITING
ESTABLISHMENT

ERROR
V(A) = N(R) RECOVERY V(A) =N(R)
8 5
TIMER AWAITING RESTART
RECOVERY ESTABLISHMENT T200
INVOKE
TRANSMISSION

7
MULTIPLE
FRAME
ESTABLISHED

Figure 3.3-11 — State 8—Timer Recovery (4 of 7)
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QOWN
RECEIVER
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Q/ N
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DISCARD
V(R) = V(R)+1 INFORMATION
CLEAR REJEC N
REJECT EXCEPTION
EXCEPTION

DL
INDIGATION REJECT
EXCEPTION
Y v
F=P
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CLEAR
ACKNOWLEDGE
PENDING
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SET PENDING
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@

* Processing of ACKNOWLEDGE PENDING is described
in the final diagram of this figure.

Figure 3.3-11 — State 8—Timer Recovery (5 of 7)
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Figure 3.3-11 — State 8—Timer Recovery (6 of 7)
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Figure 3.3-11 — State 8—Timer Recovery (7 of 7)
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NOTE 1: The relevant states are as follows:
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TEI Assigned

Awaiting Establishment
Awaiting Release

Multiple Frame Established
Timer Recovery

NOTE 2: The data link layer returns to the state it was
in prior to the events shown.

Figure 3.3-12 — Relevant States (1 of 3)
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7 Multiple Frame Established

8 Timer Recovery

NOTE 2: The relevant states are as follows:
4 TEI Assigned

5 Awaiting Establishment

6 Awaiting Release

NOTE 3: The data link layer returns to the state it was
in prior to the events shown.

Figure 3.3-12 — Relevant States (2 of 3)
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* The SAVE and REMOVE of the TEI value used for the
XID frame exchange is necessary for States 1, 2, and 3.
All other states use the TEI supplied by the
MDL_ASSIGN_REQUEST primitive.

NOTE 1: Relevant for all states except State 1.

NOTE 2: These primitives are associated with the
connection management entity.

Figure 3.3-12 — Relevant States (3 of 3)
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Figure 3.3-13 — N(R) Error Recovery Procedures
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Figure 3.3-14 — Establish Data Link, Clear Exception Conditions, and Transmit
Enquiry Procedures
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Figure 3.3-15 — Enquiry Response and Invoke Retransmission Procedures
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Figure 3.3-16 — Broadcast Information Transfer
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NOTE 1: These are layer management peer-to-peer
messages carried on the data link layer connection
specified by SAPI=63, TEI=127.

NOTE 2: These primitives are used between the layer
management and the CES-related connection
management entity.

Figure 3.3-17 — TEI Management (User) (1 of 3)
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NOTE 1: These primitives are used between the layer
management and the CES-related connection
management entity.
NOTE 2: These are layer management peer-to-peer
messages carried on the data link layer connection

specified by SAPI=63, TEI=127.

NOTE 3: SABMETX, SABME:RC, N200 X T200 Errors.

Page 3.3-38

TEI
MANAGE.
(USER)

Figure 3.3-17 — TEI Management (User) (2 of 3)
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TEI CES
MAPPING

TEI
MANAGEMENT
(USER)

NOTE 1: These primitives are generated by the physical
layer.

NOTE 2: These are layer management peer-to-peer
messages carried on the data link layer connection
specified by SAP1=63, TEI=127.

Figure 3.3-17 — TEI Management (User) (3 of 3)
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Figure 3.3-18 — TEI Management (Network)
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4. NETWORK LAYER—BASIC CALL

This section defines the Layer 3 procedures and protocol elements for call control at
the user-network Integrated Services Digital Network (ISDN) basic rate interfaces.
This section consists of three major sections. "Message Definitions," Section 4.1,
provides an overview of the complete set of messages and information elements that
appear in this document. A brief description is provided for each message, along with a
table identifying the message’s information elements and the direction in which the
message and the information elements can be signaled. "Basic Call Control for Circuit
Mode Voice and Data Services," Section 4.2, defines the procedures required for
establishing, maintaining, and clearing basic circuit mode voice service connections at
the ISDN basic rate user-network interface. "Basic Call Control for Circuit Mode Voice
and Data Services," Section 4.2, also provides the coding of the information elements
needed to support circuit-switched voice calls. "Packet Services," Section 4.3, defines
the procedures required for establishing, maintaining, and clearing of packet mode
data service connections at the ISDN basic rate user-network interface. "Packet
Services," Section 4.3, also describes the X.25 procedures for packet mode call control
for virtual calls and permanent virtual circuits.
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4.1 MESSAGE DEFINITIONS

This section provides an overview of the complete set of messages and information
elements (IEs) supported by this specification. This section contains all of the
messages and IEs and coding that appear in this document, including those applicable
to basic voice services (see "Basic Call Control for Circuit Mode Voice and Data
Services," Section 4.2) and basic data services (see "Packet Services," Section 4.3).
Subsequent sections provide descriptions of Supplementary Services (see "Network
Layer—Supplementary Services," Section 5), Terminal Initialization (see "Terminal
Initialization,” Section 6), and Common Element Procedures for service control (see
"Common Element Procedures for Service Control," Section 7).

Terminals that work on the standard interface have to use these specifications for
messages and codings at the network layer.

Implementors will note that, while this specification is an accurate and complete
description of the standard interface at this point in time, Lucent Technologies intends
to maintain compliance with appropriate domestic and international standards. Hence,
this interface is subject to possible future modification.

Scope

"Basic Call Control for Circuit Mode Voice and Data Services," Section 4.2, describes
the procedures and coding of I1E used in the control of circuit mode voice calls. "Packet
Services," Section 4.3, describes the coding and procedures for the control and
information transfer portion of data calls.

"Network Layer—Supplementary Services," Section 5, is based on the set of Layer 3
call control messages and procedures presented in "Basic Call Control for Circuit Mode
Voice and Data Services," Section 4.2.

"Terminal Initialization," Section 6, contains a description of endpoint initialization
procedures, which use the message structure presented in this section.

"Common Element Procedures for Service Control," Section 7, contains common
element procedures for service control, including Automatic Terminal Setup (ATS).

Application to Interface Structures

The Layer 3 procedures apply to the basic interface structure defined in "Physical
Layer," Section 2. They use the functions and services provided by Layer 2, as defined
in "Data Link Layer," Section 3.

Organization
This section of the document is organized as follows:

e "Overview of Call Control," Section 4.1.1, describes the range of possible call states
and provides a general description of likely transitions. Note that this section is
consistent with ITU-T Recommendation Q.931. As such, the call states shown
apply only to the interface, itself, and do not necessarily imply internal
implementations on either side of the interface. User endpoints supporting only a
subset of these call states are allowed.

» "Call Control Definitions," Section 4.1.1.3, describes the call control messages
transferred across the user-network interface to effect the transitions mentioned in
the previous list item.
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» "Message Content Definitions," Section 4.1.2, includes brief descriptions of
message use and information content. The procedures for message use and the
coding of the IEs within each message appear in the appropriate sections of this
document.

e "Message Element (Structure) Definitions," Section 4.1.3, provides a description of
the IEs and their codings.

* "BRI Message Segmentation,” Section 4.1.4, provides BRI Message Segmentation.
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4.1.1 OVERVIEW OF CALL CONTROL

The terminology used in this specification defines the integrated services digital
network (ISDN) system states in terms of outgoing and incoming calls as viewed by
the user endpoint of the interface.

When user Endpoint A calls user Endpoint B, the outgoing call originated by A (also
known as the originating entity) provides it with access to services provided by the
switched network (also known as the terminating entity with respect to the particular
interface). The incoming call to user Endpoint B is originated by the network to
complete the call initiated by user Endpoint A.

Figure 4.1.1-1 shows an outgoing call from user Endpoint A to the switched network,
and the corresponding arrangement for an incoming call from the switched network to
the user Endpoint B.

Outgoing

— =

Incoming

— =

Switched Network

User A User B

Connection

Figure 4.1.1-1 — Call From A to B through a Switched Network Connection

4.1.1.1 Terminology
The following terminology is used throughout this section.

» Terminal/User Endpoint: Endpoint of a data connection, such as a personal
computer, "dumb" data terminal, host computer, printer, integrated voice/data
workstation.

» Facility: All packet mode services are referred to in the X.25 document (ITU-TS
1984 "Red Book") as "facilities." To be consistent with X.25, "facility" and "service"
are synonymous in this section.

e User Side: The terminal side of a terminal-to-switch interface. In X.25, this side is
referred to as the data terminal equipment (DTE).

* Network Side: The switch side of a terminal-to-switch interface. In X.25, this side
is referred to as the data circuit-terminating equipment (DCE).

4.1.1.2 Call Control States

The definitions for possible individual call states provided in this section are
consistent with ITU-T Recommendation 1.451. These definitions are call states; they
do not apply to the state of the interface itself, any attached equipment, the
D-channel, or the logical links used for signaling on the D-channel. They do not apply
to the state of the call reference. Because several calls may exist simultaneously at a
user-network interface and because each call may be in a different state, the state of
the interface itself cannot be unambiguously defined.

These call states apply only at the interface. Implementations internal to either side of
the interface need not follow this design (implied or otherwise). Each side must, for
the purposes of communication across the interface (for example, for consistency
verification), be capable of mapping its call status information into this model or some
allowable subset described in this section.
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Throughout this section of the specification, reference to circuit-switched calls implies
B-channel usage.

4.1.1.2.1 Call States at User Side of Interface

This section defines states that may exist on the user side of the user-network
interface (See "Call Establishment at the Originating Interface," Section 4.2.1.2, for
reduced state mapping). See specification description language (SDL) for more
information on these call states.

e Null (State U0): No call exists.

e Call Init (State U1): Exists for an outgoing call, as a result of user action
requesting call establishment.

e Overlap Sending (State U2): Exists for an outgoing call while the user is sending
call setup information to the network in the overlap mode.

» Outgoing Call Proceeding (State U3): Exists for an outgoing call when the network
has acknowledged receipt of the information required for the call to proceed, and
the user is awaiting further network response.

e Call Delivered (State U4): Exists for an outgoing call when the network has
completed processing the call to the point of receiving alerting from the
user-network interface indicated by the called address, or from an alternate
interface specified by either the called user or the network.

» Call Present (State U6): Exists for an incoming call when the user has received a
call establishment request but has not yet responded.

» Call Received (State U7): Exists for an incoming call when a response/answer from
the called end-user is awaited while alerting same.

e Connect Request (State U8): Exists for an incoming call while the user is awaiting
receipt of a connect acknowledgment from the network.

* Incoming Call Proceeding (State U9): Exists for an incoming call when the user
has acknowledged receipt of the information required for the call to proceed and
the network is awaiting further user response.

» Active (State U10): Exists when a call is in the end-to-end communication mode.

» Disconnect Request (State U11): Exists in response to a user request for call
disconnection, prior to network acknowledgment of the request.

e Disconnect Indication (State U12): Exists when the network has indicated call
disconnection and the user has not yet indicated release.

» Release Request (State U19): Exists in response to a user request for call reference
release, prior to network acknowledgment of the request.

4.1.1.2.2 Call States at Network Side of Interface

This section defines the call states that may exist on the network side of the
user-network interface. See "Specification Description Language Diagrams," Section
4.2.3, for more information on these call states.

* Null (State NO): No call exists.

o Call Initiated (State N1): Exists for an outgoing call when the network has
received a call establishment request but has not yet responded.

Page 4.1.1-2 Issue 6.00



235-900-341 NETWORK LAYER—BASIC CALL
October 1999

* Overlap-Sending (State N2): Exists for an outgoing call when the network is
awaiting further information from the user before attempting call establishment.

» Qutgoing Call Proceeding (State N3): Exists for an outgoing call when the network
has acknowledged receipt of the information required for the call to proceed and
the user is awaiting further network response.

o Call Delivered (State N4): Exists for an outgoing call when the network is aware
that compatible user equipment that can accept the call exists at the called user
interface.

» Call Present (State N6): Exists for an incoming call when the network has
indicated the call, but no user has indicated whether the call can be accepted.

» Call Received (State N7): Exists for an incoming call after user equipment has
indicated the start of end-user alerting.

e Connect Request (State N8): Exists for an incoming call when the network has
received a CONNect message from the user, but has not responded.

» Incoming Call Proceeding (State N9): Exists for an incoming call when the user
has acknowledged receipt of the information required for the call to proceed and
the network is awaiting further user response.

» Active (State N10): Exists when a call is in the end-to-end communication mode.

e Disconnect Request (State N11): Exists in response to a user request for
disconnection, prior to network acknowledgment of the request.

» Disconnect-Indication (State N12): Exists when the network has indicated call
disconnection and the user has not yet indicated disconnect.

» Release Request (State N19): Exists when the network has initiated the release of
the call (that is, disconnected the B-channel) and is awaiting user
acknowledgment.

4.1.1.3 Call Control Definitions

Tables 4.1.1-1 and 4.1.1-3 summarize the set of call control messages and IEs that are
supported by this specification. The following legend applies to the entries in Tables
4.1.1-1 and 4.1.1-3, and in "Message Content Definitions," Section 4.1.2:

Table Entry Explanation
(blank) | IE not applicable to message
M Mandatory IE
O Optional IE (that is, conditional requirement)

Issue 6.00 Page 4.1.1-3



NETWORK LAYER—BASIC CALL

235-900-341
October 1999

Column Heading

Explanation

Application®

V = Basic Voice

SV = Supplementary Voice

C = Basic Circuit-Switched Data

SC = Supplementary Circuit-Switched Data
X = X.31 Packet Mode Data

ALL=V +SV+C+SC+ X

NCA = Non-Call-Associated

CA = Call Associated (Common Element
Procedures)

Reference

Section where the IE is defined

Length

Minimum and maximum length of the IE

Note(s):

a. If an application is indicated for a particular IE, this means that the IE can be
used for that application.
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Table 4.1.1-1 — Cross-Reference of Information Elements to Message Types
(Network - User) (Alert through Key Setup) (1 of 2)

NETWORK LAYER—BASIC CALL

Operator System
Access

Call Appearance

Message
Information Element ALERT CALL CONN CONN DISCONN FACILITY HOLD HOLD
PRO ACK ACK
Protocol Discriminator M M M M M M M
Call Reference M M M M M M M
Message Type M M M M M M M
Segmented Message
Bearer Capability
Cause M
Extended Facility
Call State
Channel Identification of o
Facility O (@]
Progress Indicator (@] (o] O
Notification
Indication o o o
Information Request (o] (@)
Keypad
Signal M o O O O (6] O
Feature Activation
Feature Indication [¢] o o (0] o
Service Profile Identifier
Endpoint Identifier
Calling Party Number
Calling Party
Subaddress [¢]
Called Party Number (0]
Called Party Subaddress (0]
Transit Network
Selection
Redirecting Number
Redirection Number (0] o
Low-Layer
Compatibility
High-Layer
Compatibility
Non-Locking Shift to
Code Set O (o} (¢} (¢} (¢} o} (e}
Display Text (¢} (o} (¢} (¢} (¢} (o} (e}

Note(s):

reference is 3 octets.

a. Mandatory if this is the first response to SETUP (X.25).
b. The maximum length of the Extended Facility 1E (N) is 4720 if the call reference is 2 octets, or 4700 if the call

Issue 6.00
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Table 4.1.1-2 — Cross-Reference of Information Elements to Message Types
(Network - User) (Alert through Key Setup) (2 of 2)

Message
Information Element HOLD INFO KEY KEY KEY Appl Section Length
REJ HOLD REL SETUP

Protocol Discriminator M M M M All 41311 1
Call Reference M M M M All 4.13.1.2 2-3
Message Type M M M M All 4.1.3.1.3 1
Segmented Message NCA 4.1.35.3 4
Bearer Capability O M All 4.1.3.2.3 4-6
Cause M (0] All 4.1.3.2.9 4-10
Extended Facility NCA 4.1.35.1 5-N
Call State All 4.1.3.2.4 3
Channel ldentification All 4.1.3.2.10 3
Facility NCA,CA 4.1.35.2 4-239
Progress Indicator (@] V,SV,C.SC 4.1.3.2.20 4
Notification
Indication (6] (6] SV,SC 4.1.3.2.19 3
Information Request O All 4.1.3.2.16 3
Keypad V,SV,C,SC 4.1.3.2.17 3-34
Signal O V,SV,C,SC 4.1.3.2.24 3
Feature Activation SV,SC 4.1.3.2.13 3-4
Feature Indication (@] (o] SV,SC 4.1.3.2.14 4-5
Service Profile Identifier (0] All 4.1.3.2.23 2-22
Endpoint Identifier O (0] All 4.1.3.2.12 3-4
Calling Party Number V,SV,C,SC 4.1.3.2.7 4-19
Calling Party
Subaddress V,SV,C,SC 4.1.3.2.8 4-23
Called Party Number O (0] All 4.1.3.25 10
Called Party Subaddress All 4.1.3.2.6 4-23
Transit Network
Selection V,SV,C,SC 4.1.3.2.25 4-8
Redirecting Number V,SV,C,SC 4.1.3.2.21 5-20
Redirection Number (@] SV,SC 4.1.3.2.22 6-13
Low-Layer
Compatibility V,SV,C,SC 4.1.3.2.18 4-16
High-Layer
Compatibility V,SV,C,SC 4.1.3.2.15 4-5
Non-Locking Shift to
Code Set O O (@] (@] V,SV,C,SC 4.13.2.1 1
Display Text o (e} e} (o} V,SV,C,SC 41331 5-128
Operator System
Access V,SV,C,SC 41332 3
Call Appearance (0] SV,sC 41341 3-4

Note(s):

reference is 3 octets.

a. Mandatory if this is the first response to SETUP (X.25).
b. The maximum length of the Extended Facility IE (N) is 4720 if the call reference is 2 octets, or 4700 if the call
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NETWORK LAYER—BASIC CALL

Table 4.1.1-3 — Cross-Reference of Information Elements to Message Types
(Network - User) (Notify through Status Inq) (1 of 2)

Information Element

Message

NOTIFY PROGRESS REGISTER RELEASE COM

RELEASE RET RET

ACK REJ SEGMENT

Protocol Discriminator
Call Reference

Message Type

Segmented Message
Bearer Capability

Cause

Extended Facility

Call State

Channel Identification
Facility

Progress Indicator
Notification Indication
Information Request
Keypad

Signal

Feature Activation
Feature Indication
Service Profile Identifier
Endpoint Identifier
Calling Party Number
Calling Party Subaddress
Called Party Number
Called Party Subaddress
Transit Network Selection
Redirecting Number
Redirection Number
Low-Layer Compatibility
High-Layer Compatibility
Non-Locking Shift to Code Set
Display Text

Operator System Access

Call Appearance

O O O O

M
M
M

M M M M M
M M M M
M M M M

= £

Note(s):

b. Mandatory for X.25.

reference is 3 octets.

a. Mandatory if this is the first clearing message, optional otherwise (X.25).

¢. The maximum length of the Extended Facility IE (N) is 4720 if the call reference is 2 octets, or 4700 if the call
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Table 4.1.1-4 — Cross-Reference of Information Elements to Message Types

(Network - User) (Notify through Status Inq) (2 of 2)

Message

Information Element SETUP SEEEP STATUS S-EANEJS Appl Section Length
Protocol Discriminator M M M M All 4.13.1.1 1
Call Reference M M M M All 4.13.1.2 2-3
Message Type M M M M All 4.13.1.3 1
Segmented Message NCA 4.1.35.3 4
Bearer Capability M All 4.1.3.2.3 4-6
Cause M All 41329 4-10
Extended Facility NCA 4.135.1 5-N
Call State M All 4.1.3.2.4 3
Channel Identification o M All 4.1.3.2.10 3
Facility NCA,CA 41352 4-239
Progress Indicator (@] (o] V,SV,C,SC 4.1.3.2.20 4
Notification Indication SV,SC 4.1.3.2.19 3
Information Request O All 4.1.3.2.16 3
Keypad V,SV,C,SC 4.1.3.2.17 3-34
Signal O O V,SV,C,SC 4.1.3.2.24 3
Feature Activation SV,SC 4,1.3.2.13 3-4
Feature Indication (0] SV 4.1.3.2.14 4-5
Service Profile Identifier All 4.1.3.2.23 2-22
Endpoint Identifier O All 4.1.3.2.12 3-4
Calling Party Number (@] V,SV,C,SC 4.1.3.2.7 4-19
Calling Party Subaddress (@] V,SV,C,SC 4.1.3.2.8 4-23
Called Party Number O All 4.1.3.25 10
Called Party Subaddress O All 4.1.3.2.6 4-23
Transit Network Selection (@] V,SV,C,SC 4.1.3.2.25 4-8
Redirecting Number V,SV,C,SC 4,1.3.2.21 5-20
Redirection Number SV,SC 4,1.3.2.22 6-13
Low-Layer Compatibility (@] V,SV,C,SC 4,1.3.2.18 4-16
High-Layer Compatibility O V,SV,C,SC 4.1.3.2.15 4-5
Non-Locking Shift to Code Set (@] (@] (0] (@] V,SV,C,SC 41321 11
Display Text O O (6] O V,SC,C,SC 4.1.33.1 5-128
Operator System Access V,SC,C,SC 4.1.3.3.2 3
Call Appearance o sv,sC 41341 3-4

Note(s):

b. Mandatory for X.25.

reference is 3 octets.

a. Mandatory if this is the first clearing message, optional otherwise (X.25).

¢. The maximum length of the Extended Facility IE (N) is 4720 if the call reference is 2 octets, or 4700 if the call
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Table 4.1.1-5 — Cross-Reference of Information Elements to Message Types (User -
Network) (Alert through Info) (1 of 2)

Information Element

Message

ALERT

CALL
PRO

CONN

CONN
ACK

DISCONN FACILITY HOLD

HOLD HOLD

ACK

REJ INFO

Protocol Discriminator
Call Reference

Message Type

Bearer Capability

Cause

Extended Facility

Call State

Channel Identification
Facility

Progress Indicator
Notification Indication
Information Request
Keypad

Signal

Feature Activation
Feature Indicator
Service Profile Identifier
Endpoint Identifier
Calling Party Number
Calling Party Subaddress
Called Party Number
Called Party Subaddress
Transit Network Selection
Redirecting Number
Redirection Number
Low-Layer Compatibility
High-Layer Compatibility
Non-Locking Shift Code Set
Display Text

Operator System Access

Call Appearance

o2

M
M
M

o2

o2

M
M
M

M M M
M M M
M M M

M
M
M

M M
M M
M M

Note(s):

a. Mandatory if this is the first response to SETUP (X.25).
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Table 4.1.1-6 — Cross-Reference of Information Elements to Message Types (User -
Network) (Alert through Info) (2 of 2)
Information Element Appl Section Length

Protocol Discriminator All 4.13.1.1 1
Call Reference All 41312 2-3
Message Type All 4.1.3.1.3 1
Bearer Capability All 4.1.3.2.3 4-6
Cause All 4.1.3.29 4-10
Extended Facility NCA 4.135.1 5-68
Call State All 4.1.3.2.4 3
Channel ldentification All 4.1.3.2.10 3
Facility NCA,CA 4.1.3.5.2 4-239
Progress Indicator V,SV,C,SC,CA 4.1.3.2.20 4
Notification Indication sV 4.1.3.2.19 3
Information Request V,SV,C,SC 4.1.3.2.16 3
Keypad V,SV,C,sC 4.1.3.2.17 3-34
Signal V,SV,C,SC 4.1.3.2.24 3
Feature Activation SV,sC 4.1.3.2.13 3-4
Feature Indicator SV,SC 4.1.3.2.14 4-5
Service Profile Identifier All 4.1.3.2.23 11-22
Endpoint Identifier All 4.1.3.2.12 3-4
Calling Party Number V.SV,C,SC 4.1.3.2.7 4-19
Calling Party Subaddress V,SV,C,SC 4.1.3.2.8 4-23
Called Party Number V,SV,C,SC 4.1.3.25 6-35
Called Party Subaddress V,SV,C,SC 4.1.3.2.6 4-23
Transit Network Selection V,SV,C,SsC 4.1.3.2.25 4-8
Redirecting Number V,SV,C,SC 413221 5-20
Redirection Number SV,SC 4.1.3.2.22 6-13
Low-Layer Compatibility V,SV,C,SC 4.1.3.2.18 4-16
High-Layer Compatibility V,SV,C,SC 4.1.3.2.15 4-5
Non-Locking Shift Code Set V,SV,C,SC 41321 1
Display Text V,SV,C,SC 4.1.3.3.1 5-128
Operator System Access V,SV,C,SC 4.1.3.3.2 3
Call Appearance SV,SC 41341 3-4
Note(s):

a. Mandatory if this is the first response to SETUP (X.25).
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Table 4.1.1-7 — Cross-Reference of Information Elements to Message Types (User -
Network) (Key Setup Ack through Info) (1 of 2)

Message

Information Element

KEY
SETUP
ACK

RELEASE

REGISTER RELEASE CcoM

RETRIEVE SETUP STATUS

Protocol Discriminator
Call Reference

Message Type

Bearer Capability

Cause

Extended Facility

Call State

Channel Identification
Facility

Progress Indicator
Notification Indication
Information Request
Keypad

Signal

Feature Activation
Feature Indication
Service Profile Identifier
Endpoint Identifier
Calling Party Number
Calling Party Subaddress
Called Party Number
Called Party Subaddress
Transit Network Selection
Redirecting Number
Redirection Number
Low-Layer Compatibility
High-Layer Compatibility
Non-Locking Shift to
Code Set

Display Text

Operator System

Access

Call Appearance

M
M
M

M M M
M M M
M M M

L 2L L

o

O O O O O

Note(s):

a. Mandatory if this is the first clearing message (X.25).
b. Mandatory for packet non-initializing terminal if no default DN is provisioned for the interface.
c. REGister message must contain either Facility or Extended Facility.
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Table 4.1.1-8 — Cross-Reference of Information Elements to Message Types (User -
Network) (Key Setup Ack through Info) (2 of 2)

Information Element Appl Section Length
Protocol Discriminator All 4.13.1.1 1
Call Reference All 413.1.2 2-3
Message Type All 4.13.1.3 1
Bearer Capability All 4.13.2.3 4-6
Cause All 4.1.3.2.9 4-10
Extended Facility NCA 4.135.1 5-68
Call State All 41324 3
Channel Identification All 4.1.3.2.10 3
Facility NCA,CA 4.1.35.2 4-239
Progress Indicator SV,CA 4.1.3.2.20 4
Notification Indication sv 4.1.3.2.19 3
Information Request V,SV,C,SC 4.1.3.2.16 3
Keypad V,SV,C,SC 4.1.3.2.17 3-34
Signal V,SV,C,SC 4.1.3.2.24 3
Feature Activation sv 4.1.3.2.13 3-4
Feature Indication sv 4.1.3.2.14 4-5
Service Profile Identifier All 4.1.3.2.23 11-22
Endpoint Identifier All 4.13.2.12 3-4
Calling Party Number All 4.1.3.2.7 4-19
Calling Party Subaddress V,SV 413.2.8 4-23
Called Party Number V,SV,C,SC 41325 6-35
Called Party Subaddress V,SV 413.2.6 4-23
Transit Network Selection V,SV,C,SC 4.1.3.2.25 4-8
Redirecting Number V,SV 413.2.21 5-20
Redirection Number SV,sC 4.1.3.2.22 6-13
Low-Layer Compatibility V,SV,C,SC 41.3.2.18 4-16
High-Layer Compatibility V,SV,C,sC 4.1.3.2.15 4-5
Non-Locking Shift to
Code Set V,SV,C,SC 41321 1
Display Text V,SV,C,SC 4.1.33.1 5-128
Operator System
Access V,SV,C,SC 4.1.3.3.2 3
Call Appearance SV,SC 41341 3-4
Note(s):
a. Mandatory if this is the first clearing message (X.25).
b. Mandatory for packet non-initializing terminal if no default DN is provisioned for the interface.
c. REGister message must contain either Facility or Extended Facility.
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4.1.2 MESSAGE CONTENT DEFINITIONS
4.1.2.1 Overview
Each definition contained in this section includes:
a. A brief description of the message direction and use.

b. A figure listing the IE contained in the message. For each IE, the figure
indicates:

1. Which applications have implemented the IE, where the applications
abbreviations defined in "Call Control Definitions," Section 4.1.1.3,

apply.
2. Section of this specification describing the IE

3. Direction in which the element may be sent; that is, user to network (u
- n), network to user (n - u), or both

4. Whether inclusion is:
e Mandatory (M)
e Optional (O)

< Dependent on other circumstances, as indicated and explained by
notes.

5. Allowable length(s), in octets, where "?" (if shown) means the maximum
length is undefined (subject to the overall Layer 3 message maximum
length restriction; see "Message Content Definitions,” Section 4.1.2).

The IEs are listed in order of appearance in the message. The relative
order of IEs, specified in "Message Element (Structure) Definitions,"
Section 4.1.3, is the same for all message types.

C. Further explanatory notes, as necessary.

This section gives definitions for all messages supported by the basic rate interface
(BRI). Note that not all applications implement each message appearing here. Refer to
"Basic Call Control for Circuit Mode Voice and Data Services," Section 4.2, "Packet
Services," Section 4.3, "Common Protocols and Procedures for Voice and Data
Services," Section 5.1, "Supplementary Voice Services,” Section 5.2, and "Terminal
Initialization," Section 6), for information on which messages are applicable for basic
voice services, data services, supplementary voice services, and terminal initialization,
respectively.
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For all circuit and packet transport mode calls, this message may be sent from the
called user to the network and, in turn, from the network to the calling user to
indicate that called-user alerting has been initiated. The ALERTing message content
is shown in Table 4.1.2-1.

Message Type: ALERTIing

Direction: Both

Table 4.1.2-1 — ALERTing Message Content

(EKTS).

INFORMATION | APPLICATION | SECTION | DIRECTION TYPE LENGTH

ELEMENT

Protocol ALL 41311 both M 1

Discriminator

Call Reference ALL 4,1.3.1.2 both M 2-3

Message Type ALL 41.3.1.3 both M 1

Channel ALL 4.1.3.2.10 u-n a 3

Identification

Progress Indicator | V, SV, C, SC | 4.1.3.2.20 - b 4

Signal V,SV, C,SC | 4.1.3.2.24 - M 3

Locking Shift to SV, SC 41.3.2.1 - ¢ 1

Codeset 5

Display Text SV, SC 41.3.3.1 n-u O 5-128

Note(s):

a. This IE must be included if this message is the first response to an incoming
SETUP message in the basic call offering; Not included if SETUP message
contained a "No channel” indication; not included for Electronic Key Telephone Set

b. Present if inband tones are provided or the call has returned to ISDN. This IE is
included with Progress Indicator 8 when in-band audible ringing is being applied.
Included for speech and 3.1 kHz audio calls.

c. This element is mandatory only if any Codeset 5 IEs are included in the message;
otherwise, it is not included.
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4.1.2.3 CALL PROCeeding

The network sends this message to the calling user to indicate that it has initiated the
call establishment requested and that it will not accept any more call establishment
information. The called user may send this message to inform the network of terminal
capabilities and/or to verify the selected channel. The CALL PROCeeding message
content is shown in Table 4.1.2-2.

Message Type: CALL PROCeeding
Direction: Both

Table 4.1.2-2 — CALL PROCeeding Message Content

INFORMATION | APPLICATION | SECTION DIRECTION TYPE LENGTH
ELEMENT

Protocol ALL 4.1.3.1.1 both M 1

Discriminator

Call Reference ALL 4.1.3.1.2 both M 2-3

Message Type ALL 4.1.3.1.3 both M 1

Channel ALL 4.1.3.2.10 both a 3

Identification

Progress V, SV, C, SC 4.1.3.2.20 n-u @] 4

Indicator

Information V, SV, C, SC 4.1.3.2.16 n-u 0] 3

Request

Signal V, SV, C, SC 4.1.3.2.24 n-u @) 3

Feature Y, 4.1.3.2.14 n-u o¢ 4-5

Indication

Redirection SV, sC 4.1.3.2.22 n-u b 6-13

Number

Called Party V, SV, C, SC 41.3.25 n-u @) 10

Number

Called Party V, SV, C, SC 41.3.2.6 n-u @) 4-23

Subaddress

Locking Shift SV, SC 41321 n-u ¢ 1

to Codeset 5

Display Text SV, SC 4.133.1 n-u o] 5-128

Note(s):

a. This element is mandatory only if the customer premises equipment (CPE)
originated an en-bloc in the CALL PROCeeding message.

b. This information element is optional during Call Forwarding to indicate the
remote DN.

c. This element is mandatory only if any Codeset 5 IEs are included in the message;
otherwise, it is not included.

d. Feature Indication not sent to Non-Initializing Terminals.
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4.1.2.4 CONNect

For voice, circuit transport mode and packet mode data applications, the called user
sends this message to the network to indicate acceptance of a call, and the network
sends this message to the calling user to indicate both: (1) call acceptance by the
called user, and (2) establishment of an end-to-end circuit mode connection to the
called user. The CONNect message content is shown in Table 4.1.2-3.

Message Type: CONNect
Direction: Both

Table 4.1.2-3 — CONNect Message Content

INFORMATION | APPLICATION | SECTION DIRECTION | TYPE LENGTH
ELEMENT

Protocol ALL 413.1.1 both M 1
Discriminator
Call Reference ALL 4.1.3.1.2 both M 2-3
Message Type ALL 4.1.3.1.3 both M 1
Channel ALL 4.1.3.2.10 u-n a 3
Identification
Facility CA 4.1.35.2 n-u 0] 4-214
Progress SV,CA 4.1.3.2.20 both b 4
Indicator
Signal V, SV, C, SC 4.1.3.2.24 - (@] 3
Feature Y 4.1.3.2.14 n-u o? 4-5
Indication
Locking Shift to SV, SC 41321 n-u ¢ 1
Codeset 5
Display Text SV, SC 4.1.33.1 n-u O] 5-128
Note(s):

a. This IE is optional. Exclusive B-channel or exclusively D indication included if
this is the first message in response to the SETUP message in basic call offering,
except for EKTS. Refer to Section 5.2.1.5.5 for use of channel identification IE by
additional call offering (ACO). Refer to Section 5.2.1.21 for further information on
use of channel identification by EKTS.

b. Present if the call is not end-to-end ISDN or the call has returned to ISDN
network.

c¢. This element is mandatory only if any Codeset 5 IEs are included in the message;
otherwise, it is not included.

d. Feature Indication is not sent to Non-Initializing Terminals.
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4.1.2.5 CONNect ACKnowledge

NETWORK LAYER—BASIC CALL

For voice, circuit transport mode and packet mode data applications, the network
sends this message to the called user to indicate completion of the circuit-switched
connection. The terminal will not connect to the B-channel until after receipt of this
message. Optionally, the calling user may send this message to the network to
acknowledge receipt of the network CONNect message. However, the network will
ignore such a message from the calling user. The CONNect ACKnowledge message

content is shown in Table 4.1.2-4.

Message Type: CONNect ACKnowledge

Direction: Both

Table 4.1.2-4 — CONNect ACKnowledge Message Content

INFORMATION | APPLICATION SECTION DIRECTION | TYPE LENGTH
ELEMENT

Protocol ALL 41.3.1.1 both M 1

Discriminator

Call Reference ALL 4,1.3.1.2 both M 2-3

Message Type ALL 4.1.3.1.3 both M 1

Channel Y 4.1.3.2.10 n-u a 3

Identification

Notification SV, SC 4.1.3.2.19 n-u o] 3

Indicator

Signal V, SV, C, SC 4.1.3.2.24 - (@) 3

Locking Shift SV, sC 41321 ~u b 1

to Codeset 5

Display Text SV, SC 413.3.1 n-u o] 5-128

Note(s):

a. This element is included only if the call was originally offered during the all
channel busy case; otherwise, it is not included (that is, flexible call offering). An
EKTS is the exception.

b. This element is mandatory only if any Codeset 5 IEs are included in the message;
otherwise, it is not included.
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4.1.2.6 DISConnect

Either the user or the network sends this message as an invitation to release the
B-channel. However, the channel and call reference are retained at this time. The
DISConnect message content is shown in Table 4.1.2-5.

Message Type: DISConnect

Direction: Both

Table 4.1.2-5 — DISConnect Message Content

235-900-341
October 1999

remote DN.

INFORMATION | APPLICATION | SECTION DIRECTION TYPE LENGTH
ELEMENT

Protocol ALL 4.1.3.1.1 both M 1

Discriminator

Call Reference ALL 41.3.1.2 both M 2-3

Message Type ALL 4.1.3.1.3 both M 1

Cause ALL 4.1.3.2.9 both M 4-5

Facility CA 4.1.35.2 n-u O 4-17

Information V, SV, C, SC 4.1.3.2.16 n-u O 3

Request

Signal V,SV,C,SC | 4.1.3.2.24 - (0] 3

Feature SV 4.1.3.2.14 - o° 4-5

Indication

Redirection SV, SC 4.1.3.2.22 n-u a 6-13

Number

Locking Shift to SV, SC 41321 n-u b 1

Codeset 5

Display Text SV, SC 41.3.3.1 n-u (0] 5-128

Note(s):

a. This information element is optional during Call Forwarding to indicate the

b. This element is mandatory only if any Codeset 5 IEs are included in the message;
otherwise, it is not included.
c. Feature Indication not sent to Non-Initializing Terminals.
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4.1.2.7 FACility

NETWORK LAYER—BASIC CALL

The network sends this message to a terminal to transmit download data or an
end-of-data indication. The FACility message content is shown in Table 4.1.2-6.

Message Type: FACility

Direction: Both

Table 4.1.2-6 — FACiIlity Message Content

INFORMATION | APPLICATION | SECTION DIRECTION TYPE LENGTH
ELEMENT

Protocol NCA 41.3.1.1 both M 1
Discriminator
Call Reference NCA 41.3.1.2 both M 2-3
Message Type NCA 41.3.1.3 both M 1
Extended NCA 4.1.35.1 n->u o] 5-N?
Facility
Facility NCA,CA 4.1.35.2 both 0] 4-212
Note(s):

a. The maximum length of the Extended Facility 1E (N) is 4720 if the call reference
is 2 octets, or 4700 if the call reference is 3 octets.
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4.1.2.8 HOLD

The user sends this message to request that a call be placed on hold by the network.
The network sends this message to indicate that it is going to place a call on hold. The
HOLD message content is shown in Table 4.1.2-7.

Message Type: HOLD
Direction: Both

Table 4.1.2-7 — HOLD Message Content

INFORMATION | APPLICATION | SECTION | DIRECTION TYPE |LENGTH

ELEMENT

Protocol SV, SC 41.3.1.1 both M 1

Discriminator

Call Reference SV, SC 41.3.1.2 both M 2-3

Message Type SV, SC 4.1.3.1.3 both M 1

Signal SV, SC 4.1.3.2.24 n-u o] 3

Feature Y 4.1.3.2.14 n-u o? 4-5

Indication

Locking Shift to SV, SC 41321 n-u b 1

Codeset 5

Display Text SV, SC 4.1.33.1 n-u o] 5-128

Note(s):

a. Feature Indication not sent to Non-Initializing Terminals.
b. This element is mandatory only if any Codeset 5 IEs are included in the message;
otherwise, it is not included.
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4.1.2.9 HOLD ACKnowledge

The network sends this message to the user to indicate that a call has been put on
hold for the user by the network. The user sends this message to the network to
acknowledge the network’s intention to place a call on hold. The user and the network
retain the call reference of that call, and the B-channel is released by the user and the
network. The HOLD ACKnowledge message content is shown in Table 4.1.2-8.

Message Type: HOLD ACKnowledge
Direction: Both

Table 4.1.2-8 — HOLD ACKnowledge Message Content

INFORMATION | APPLICATION SECTION | DIRECTION | TYPE LENGTH
ELEMENT

Protocol SV, SC 4,1.3.1.1 both M 1

Discriminator

Call Reference SV, SC 4,1.3.1.2 both M 2-3

Message Type SV, SC 4.1.3.1.3 both M 1

Notification SV, SC 4.1.3.2.19 n-u O 3

Indicator

Signal SV, SC 4.1.3.2.24 n-u (0] 3

Feature SV 4.1.3.2.14 n-u oP 4-5

Indication

Locking Shift to SV, SC 4.1.3.2.1 n-u a 1

Codeset 5

Display Text SV, SC 4.1.3.3.1 n-u (0] 5-128

Note(s):

a. This element is mandatory only if any Codeset 5 IEs are included in the message;
otherwise, it is not included.
b. Feature Indication not sent to Non-Initializing Terminals.
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4.1.2.10 HOLD REJect

The network sends this message to the user to indicate that a call has not been placed
on hold by the network. The user sends this message to the network to reject the
network’s intention to place a call on hold. The HOLD REJect message content is
shown in Table 4.1.2-9.

Message Type: HOLD REJect
Direction: Both

Table 4.1.2-9 — HOLD REJect Message Content

INFORMATION |APPLICATION | SECTION | DIRECTION TYPE LENGTH
ELEMENT

Protocol SV, SC 41.3.1.1 both M 1

Discriminator

Call Reference SV, SC 4.1.3.1.2 both M 2-3

Message Type SV, SC 4.1.3.1.3 both M 1

Cause SV, SC 4.1.3.2.9 both M 4-5

Locking Shift to SV, SC 4.1.3.2.1 n-u a 1

Codeset 5

Display Text SV, SC 4.1.3.3.1 n-u @) 5-128

Note(s):

a. This element is mandatory only if any Codeset 5 IEs are included in the message;
otherwise, it is not included.

4.1.2.11 INFOrmation

Either the user or the network sends this message to provide additional information.
The INFO message content is shown in Table 4.1.2-10.

Message Type: INFOrmation
Direction: Both
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Table 4.1.2-10 — INFO Message Content

NETWORK LAYER—BASIC CALL

INFORMATION | APPLICATION SECTION DIRECTION | TYPE LENGTH
ELEMENT

Protocol ALL 41.3.1.1 both M 1

Discriminator

Call Reference ALL 4,1.3.1.2 both M 1-3

Message Type ALL 41.3.1.3 both M 1

Bearer ALL 4.1.3.2.3 n->u a 4-6

Capability

Cause ALL 4.1.3.2.9 n->u @) 4-5

Keypad V, SV, C, SC 4.1.3.2.17 u->n b 3-34

Feature SV, sC 4.1.3.2.13 u->n b 3-4

Activation

Called Party ALL 4.13.25 both ¢ 4-35

Number

Signal V, SV, C, SC 4.1.3.2.24 n->u d 3

Feature SV, SC 4.1.3.2.14 n->u 4-5

Indication

Redirection SV, SC 4.1.3.2.22 n->u 6-13

Number

Service Profile ALL 4.1.3.2.23 both (@] 2-22

Indication

Progress S, SV, C, SC 4.1.3.2.20 n->u O 4

Indicator

Information ALL 4.1.3.2.16 n->u 0] 3

Request

Endpoint ALL 41.3.2.12 n->u 0] 3-4

Identifier

Locking Shift to| S, SV, C, SC 41.3.2.1 n->u 1

Codeset 5

Display Text S, SV, C, SC 41331 n->u h 5-128

Note(s):

a. This IE is included only during Automated SPID Selection procedures during
terminal initialization. It may appear a maximum of three times in the same

INFO message.

b. Keypad and feature activation IEs are allowed within the same message. Feature
Activation is accepted from only Fully Initializing Terminals.

c. This IE is included in the network-to-user direction only during Automated SPID
Selection procedures during terminal initialization, to provide the Primary DN to
the terminal.

d. This IE is mandatory only if the SETUP does not contain a keypad IE; otherwise,
it is not included. The signal IE instructs the terminal to turn off the tones that
were initiated earlier. In addition, this IE may be present in INFORMATION
messages sent to the user while the network is returning certain in-band tones. In
such cases, this IE instructs the terminal to begin providing the specified tone
itself, if the terminal is able to.
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Table 4.1.2-10 — INFO Message Content (Contd)

Note(s): (Contd)

e. Feature Indication is not sent to Non-Initializing Terminals.

f. This IE is optional to indicate the remote DN during Call Forwarding.

g. This IE is mandatory only if any Codeset 5 IEs are included in the message;
otherwise, it is not included.

h. This IE is optional.

41.2.12 KEY HOLD

When an EKTS terminal answers an incoming call, the network sends this message to
the other EKTS terminal(s) receiving terminating treatment for the call. The network
also sends a KEY HOLD message in response to a CONNect message when no
B-channel is available to establish a connection, and other EKTS terminals are still
receiving terminating treatment for the call. The KEY HOLD message content is
shown in Table 4.1.2-11.

Message Type: KEY HOLD
Direction: Network to User

Table 4.1.2-11 — KEY HOLD Message Content

INFORMATION | APPLICATION | SECTION |[DIRECTION TYPE LENGTH
ELEMENT

Protocol SV 41.3.1.1 n-u M 1
Discriminator
Call Reference SV 4.1.3.1.2 n-u M 2-3
Message Type SV 4.1.3.1.3 n-u M 2
Cause SV 4.1.3.2.9 n-u O 4-5
Notification SV 4.1.3.2.19 n-u (@] 3
Indicator
Signal SV 4.1.3.2.24 n-u @) 3
Locking Shift to SV 41.3.2.1 n-u @] 1
Codeset 5
Display Text SV 41.3.3.1 n-u 0] 5-128
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4.1.2.13 KEY RELease

The network sends this message in response to a DISConnect or RELease message
sent by an EKTS terminal when other EKTS terminals remain connected to the call.
The KEY RELease message content is shown in Table 4.1.2-12.

Message Type: KEY RELease
Direction: Network to User

Table 4.1.2-12 — KEY RELease Message Content

INFORMATION | APPLICATION SECTION DIRECTION | TYPE | LENGTH
ELEMENT

Protocol SV 41.3.1.1 n-u M 1
Discriminator
Call Reference SV 41.3.1.2 n - u M 2-3
Message Type SV 4,1.3.1.3 n-u M 2
Notification SV 4.1.3.2.19 n-u O 3
Indicator
Feature Y 4.1.3.2.14 n-u o? 4-5
Indication
Locking Shift to SV 41.3.2.1 n-u (0] 1
Codeset 5
Display Text SV 41.3.3.1 n-u (@] 5-128
Note(s):

a. Feature Indication not sent to Non-Initializing Terminals.
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41.2.14 KEY SETUP

When an EKTS terminal originates a call, the network sends this message to notify

other EKTS terminal(s) sharing a call appearance of the directory number (DN) used
for the call or sharing the same DN. It is also used for ICOM call at the terminating
end. The KEY SETUP message content is shown in Table 4.1.2-13.

Message Type: KEY SETUP
Direction: Network to User

Table 4.1.2-13 — KEY SETUP Message Content

235-900-341
October 1999

INFORMATION | APPLICATION | SECTION DIRECTION TYPE LENGTH
ELEMENT

Protocol SV 41.3.1.1 n-u M 1
Discriminator

Call Reference SV 41.3.1.2 - M 2-3
Message Type SV 4.1.3.1.3 - u M 2
Bearer SV 4.1.3.2.3 - M 4-5
Capability

Notification SV 4.1.3.2.19 n-u 0] 3
Indicator

Endpoint SV 4.1.3.2.12 n-u @) 3-4
Identifier

Called Party SV 4.1.3.2.5 n-u (@) 10
Number

Locking Shift to SV 41.3.2.1 n-u @) 1
Codeset 5

Display Text SV 41.3.3.1 - u O] 5-128
Locking Shift to SV 41.3.2.1 n-u o 1
Codeset 6

Call SV 41341 n-u O 3-4
Appearance
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4.1.2.15 KEY SETUP ACKnowledge

The terminal sends this message to the network in response to a KEY SETUP
message. The KEY SETUP ACKnowledge message content is shown in Table 4.1.2-14.

Message Type: KEY SETUP ACKnowledge
Direction: User to Network

Table 4.1.2-14 — KEY SETUP ACKnowledge Message Content

INFORMATION |APPLICATION SECTION DIRECTION TYPE |[LENGTH
ELEMENT

Protocol SV 41.3.1.1 u-n M 1

Discriminator

Call Reference SV 41.3.1.2 u-n M 2-3

Message Type SV 4.1.3.1.3 u-n M 2
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4.1.2.16 NOTIFY

The network sends this message to a terminal to transmit information about certain
events related to a service. The NOTIFY message content is shown in Table 4.1.2-15.

Message Type: NOTIFY
Direction: Network to User

Table 4.1.2-15 — NOTIFY Message Content

INFORMATION | APPLICATION | SECTION | DIRECTION TYPE LENGTH
ELEMENT

Protocol SV, SC 41.3.1.1 n-u M 1
Discriminator
Call Reference SV, SC 413.1.2 n-u M 1-3
Message Type SV, SC 4.1.3.1.3 n-u M 1
Bearer SV, SC 4.1.3.2.3 n-u O 4-6
Capability
Notification SV, SC 4.1.3.2.19 n-u a 3
Indicator
Signal SV, SC 4.1.3.2.24 n-u (@) 3
Feature SV, SC 4.1.3.2.14 n-u oP 4-5
Indication
Calling Party SV, SC 4.1.3.2.7 n-u 0] 4-19
Number
Calling Party SV, SC 41.3.2.8 n-u 0] 4-23
Subaddress
Called Party SV, SC 4.1.3.25 n-u (@] 10
Number
Called Party SV, SC 4.1.3.2.6 n-u (0] 4-23
Subaddress
Locking Shift to SV, SC 41.3.2.1 n-u (6] 1
Codeset 5
Display Text SV, SC 41.3.3.1 n-u O 5-128
Note(s):
a. This element is mandatory; this element may appear twice in this message.
b. Feature Indication not sent to Non-Initializing Terminals.
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4.1.2.17 PROGress

The network sends this message to provide call progress information to the user. In
particular, the progress indicator IE may inform the user of an interworking call. The
cause IE may inform the user that the called party has rejected, or is not responding
to, the call. The network may also send this message to facilitate tones or
announcements. Receipt of this message indicates that the B-channel may contain call
progress information. The PROGress message content is shown in Table 4.1.2-16.

Message Type: PROGress
Direction: Network to User

Table 4.1.2-16 — PROGress Message Content

INFORMATION | APPLICATION |SECTION |DIRECTION TYPE LENGTH
ELEMENT

Protocol V,SV,C,SC | 4.13.1.1 n-u M 1

Discriminator

Call Reference V,SV,C,SC | 413.1.2 n - u M 2-3

Message Type V,SV,C,SC | 41.3.1.3 n-u M 1

Cause V, SV, C,SC | 4.1.3.2.9 n-u (0] 4-5

Progress V, SV, C, SC |4.1.3.2.20 n-u a 4

Indicator

Signall V,SV,C,SC |4.1.3224| n_u b 3

Locking Shift to SV, SC 4.1.3.2.1 n-u ¢ 1

Codeset 5

Display Text SV, SC 4.1.3.3.1 n-u (0] 5-128

Note(s):

a. This element is mandatory, this element may appear twice in this message (that
is, in the case of excess call delay).

b. This element is optional; it is used to instruct terminals that choose to provide
their own call progress (and other) tones when to turn such tones on and off.

c. This element is mandatory only if any Codeset 5 IEs are included in the message;
otherwise it is not included.
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4.1.2.18 REGister

This message is sent to establish a non-call-associated call reference value for the
exchange of components. The REGister message content is shown in Table 4.1.2-17.

Message Type: REGister
Direction: User to Network

Table 4.1.2-17 — REGister Message Content

235-900-341
October 1999

INFORMATION |APPLICATION | SECTION | DIRECTION TYPE LENGTH
ELEMENT

Protocol NCA 41.3.1.1 both M 1

Discriminator

Call Reference NCA 41.3.1.2 both M 2-3

Message Type NCA 41.3.1.3 both M 1

Extended NCA 4.135.1 u->n o? 5-68

Facility

Facility NCA 4.135.2 both 0? 7-239

Note(s):

a. REGister message must contain either the Facility IE or Extended Facility IE.
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4.1.2.19 RELease

NETWORK LAYER—BASIC CALL

For all voice and data services, this message is sent by either the user or the network
to indicate that the entity sending the message has disconnected the B-channel and
intends to release the channel and call reference, and that the receiving entity will
release the B-channel and call reference. The RELease message content is shown in

Table 4.1.2-18.

Message Type: RELease

Direction: Both

Table 4.1.2-18 — RELease Message Content

remote DN.

INFORMATION | APPLICATION | SECTION DIRECTION TYPE LENGTH
ELEMENT

Protocol ALL 4.1.3.1.1 both M 1

Discriminator

Call Reference ALL 4,1.3.1.2 both M 2-3

Message Type ALL 41.3.1.3 both M 1

Cause ALL 4.1.3.2.9 both O 4-5

Channel ALL 4.1.3.2.10 n-u O 3

Identification

Information V, SV, C, SC 4.1.3.2.16 n-u (@] 3

Request

Signal V, SV, C, SC 4.1.3.2.24 - @) 3

Feature Y 4.1.3.2.14 - o°¢ 4-5

Indication

Redirection SV, SC 4.1.3.2.22 n-u a 6-13

Number

Locking Shift to SV, SC 41321 n->u b 1

Codeset 5

Display Text SV, SC 41.3.3.1 n-u (@) 5-128

Note(s):

a. This information element is optional during Call Forwarding to indicate the

b. This element is mandatory only if any Codeset 5 IE is included in the message;
otherwise, it is not included.
c. Feature Indication not sent to Non-Initializing Terminals.
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4.1.2.20 RELease COMplete

Either the network or user sends this message to indicate that the entity sending the
message has released the channel (if any) and call reference, and that the receiving
entity will do the same. The channel and call reference will then be available for

reuse. The RELease COMplete message content is shown in Table 4.1.2-19.

Message Type: RELease COMplete

Direction: Both

Table 4.1.2-19 — RELease COMplete Message Content

235-900-341
October 1999

remote DN.

INFORMATION | APPLICATION | SECTION DIRECTION TYPE LENGTH
ELEMENT

Protocol ALL 4.1.3.1.1 both M 1
Discriminator
Call Reference ALL 4.1.3.1.2 both M 2-3
Message Type ALL 4.1.3.1.3 both M 1
Cause ALL 4.1.3.2.9 both O 4-5
Extended NCA 41.35.1 both o] 5-7¢
Facility

Facility NCA,CA 4.1.3.5.2 n - u @) 4-?
Information V, SV, C, SC 4.1.3.2.16 n- O 3
Request

Signal V, SV, C, SC 4.1.3.2.24 . o] 3
Feature sV 4.1.3.2.14 ~u o¢ 4-5
Indication

Redirection SV, SC 4.1.3.2.22 n-u a 6-13
Number

Locking Shift to SV, SC 41321 n-u b 1
Codeset 5

Display Text SV, SC 4.1.3.3.1 n - u 6] 5-128
Note(s):

a. This information element is optional during Call Forwarding to indicate the

b. This element is mandatory only if any Codeset 5 information elements are
included in the message; otherwise, it is not included.
¢. The REL COM message is never segmented, so the maximum length of the EFIE
is the number of octets remaining in the message after coding the mandatory IEs
and any optional IEs.
d. Feature Indication not sent to Non-Initializing Terminals.
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4.1.2.21 RETrieve

The terminal sends this message to the network to request a held call be reconnected,
or to bridge or merge calls. The RETrieve message content is shown in Table 4.1.2-20.

Message Type: RETrieve
Direction: User to Network

NETWORK LAYER—BASIC CALL

Table 4.1.2-20 — RETrieve Message Content

Identification

INFORMATION | APPLICATION | SECTION DIRECTION TYPE LENGTH
ELEMENT

Protocol V,SV,C,SC 4,1.3.1.1 u-n M 1

Discriminator

Call Reference V,SV,C,SC 4.1.3.1.2 - M 2-3

Message Type V,SV,C,SC 4.1.3.1.3 - M 1

Channel V,SV,C,SC 4,1.3.2.10 u - O 3

Issue 6.00
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4.1.2.22 RETrieve ACKnowledge

The network sends this message to indicate that a held call has been reconnected to a
B-channel, or a bridging or merging request has been completed. The RETrieve
ACKnowledge message content is shown in Table 4.1.2-21.

Message Type: RETrieve ACKnowledge
Direction: Network to User

Table 4.1.2-21 — RETrieve ACKnowledge Message Content

INFORMATION | APPLICATION | SECTION DIRECTION TYPE LENGTH
ELEMENT

Protocol V,SV,C,SC 41.3.1.1 n-u M 1

Discriminator

Call Reference V,SV,C,SC 4.1.3.1.2 n-u M 2-3

Message Type V,SV,C,SC 4.1.3.1.3 n-u M 1

Channel V,SV,C,SC 4.1.3.2.10 n-u a 3

Identification

Notification SV 4.1.3.2.19 n-u (0] 3

Indicator

Signal V,SV,C,SC 4.1.3.2.24 n-u o] 3

Feature Y, 4.1.3.2.14 n-u o 4-5

Indication

Locking Shift SV,SC 41321 n-u (0] 1

to Codeset 5

Display Text SV,SC 41.3.3.1 n-u O 5-128

Note(s):

a. This is mandatory if the CPE did not include channel identification in the
RETrieve message.

b. Feature Indication not sent to Non-Initializing Terminals.
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4.1.2.23 RETrieve REJect

The network sends this message to a terminal to reject a request to reconnect a held
call to a B-channel, or to reject a bridging or merging request. The RETrieve REJect
message content is shown in Table 4.1.2-22.

Message Type: RETrieve REJect

Direction: Network

to User

NETWORK LAYER—BASIC CALL

Table 4.1.2-22 — RETrieve REJect Message Content

INFORMATION | APPLICATION SECTION DIRECTION TYPE LENGTH
ELEMENT

Protocol V,SV,C,SC 41.3.1.1 n-u M 1

Discriminator

Call Reference V,SV,C,SC 41.3.1.2 n - u M 2-3

Message Type V,SV,C,SC 4,1.3.1.3 n-u M 1

Cause V,SV,C,SC 4.1.3.2.9 n-u M 4-5

Locking Shift to SV,SC 41.3.2.1 n-u 0] 1

Codeset 5

Display Text SV,SC 41.33.1 n-u (@] 5-128

4.1.2.24 SEGment

The network sends this message to the terminal when the download data size is larger
than the allowed maximum length of the Layer 3 message. The SEGment message

content is shown in Table 4.1.2-23.

Message type: SEGment

Direction: Network

to User

Table 4.1.2-23 — SEGment Message Content

INFORMATION | APPLICATION SECTION DIRECTION TYPE |LENGTH

ELEMENT

Protocol NCA 41.3.1.1 n->u M 1

Discriminator

Call Reference NCA 41.3.1.2 n->u M 2-3

Message Type NCA 4.1.3.1.3 n->u M 1

Segmented NCA 4.1.3.5.3 n->u M 4

Message

Extended NCA 41351 n->u M a

Facility

Note(s):

a. Beginning of Extended Facility Information Element (EFIE) or the continuation of
the EFIE from previous SEGment message.
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For voice and circuit mode data applications, the user or the network sends this
message to request call establishment. The SETUP message content is shown in Table

4.1.2-24.

Message Type: SETUP

Direction: Both

Table 4.1.2-24 — SETUP Message Content

INFORMATION | APPLICATION | SECTION DIRECTION TYPE | LENGTH

ELEMENT

Protocol ALL 4.1.3.1.1 both M 1

Discriminator

Call Reference ALL 4.1.3.1.2 both M 2-3

Message Type ALL 4.1.3.1.3 both M 1

Bearer ALL 4.1.3.2.3 both M 4-6

Capability 421.1.1

Channel ALL 4.1.3.2.10 both a 3

Identification

Facility CA 4.1.3.5.2 u-n (@) 4-17

Progress V, SV, C, SC 4.1.3.2.20 both b 4

Indicator

Keypad V, SV, C, SC 4.1.3.2.17 - ¢ 3-34

Signal V, SV, C, SC 4.1.3.2.24 - (@) 3

Feature SV, SC 4.1.3.2.13 - d 3-4

Activation

Endpoint V, SV, C, SC 41.3.2.12 n-u ¢ 3-4

Identifier

Calling Party V, SV, C, SC 41327 both f f

Number

Calling Party V, SV, C, SC 4.1.3.2.8 both O 4-23

Subaddress

Called Party ALL 4.1.3.25 both 9 9

Number

Called Party ALL 4.1.3.2.6 both (0] 4-23

Subaddress

Redirecting V, SV, C, SC 41.3.2.21 n->u (0] 5-20

Number

Transit Network V, SV, C, SC 4.1.3.2.25 u->n O 4-8

Selection

Low Layer V, SV, C, SC 41.3.2.18 both 0] 4-16

Compatibility

High Layer V, SV, C, SC 4.1.3.2.15 both (0] 4-5

Compatibility

See note(s) at end of table.
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Table 4.1.2-24 — SETUP Message Content (Contd)

INFORMATION | APPLICATION | SECTION DIRECTION TYPE LENGTH
ELEMENT

Locking Shift to SV, SC 413.2.1 both h 1
Codeset 5
Operator System SV, SC 4.1.3.3.2 u-n O 3
Access
Display Text SV, SC 4.1.3.3.1 n-u o] 5-128
Locking Shift to SV 41321 both h 1
Codeset 6
Call Appearance SV 4.13.4.1 both i 3-4
Note(s):

a.

b. Present if the incoming call has originated from a non-ISDN line or trunk.
. This IE element is used to send address digits to the network, if any are available

. Keypad and feature activation IEs are allowed to be contained within the same

. This IE is mandatory if the terminal is an EKTS or MLHG terminal.
. The calling party number is mandatory in the u - n direction for Basic EKTS, and

. The called party number is mandatory in the network to user direction. The called

h.

If absent from a SETUP message from the user, the network shall select a channel
and notify the user in its first response to the SETUP message; that is, it is
equivalent to the user having coded the element to the "any channel” option. This
IE is mandatory in the n - u direction.

at the time of transmission of the SETUP message. The balance of the address
digits will be assumed to follow in keypad IEs contained in subsequent
INFOrmation messages. In particular, if an addressing information element is
absent from the SETUP message, all address digits will arrive at the network via
INFOrmation messages. Also see.

message. Feature Activation accepted from only Fully Initializing Terminals.

for Non-Initializing Terminals when no Default DN is provisioned for the interface.
The network may provide it if the user subscribes to CPN/BN Delivery. The length
is 10-14 from user-to-network, and 4-19 from network-to-user.

party number may be used for functional addressing and not be used for dialing.
The length is 6-35 from user-to-network, 10 for circuit mode from network-to-user,
and 7 for packet mode from network-to-user.

This element is mandatory only if any Codeset 5 or 6 information elements are
included in the message; otherwise, it is not included.

Origination call appearance and destination call appearance are mandatory for
CACH EKTS terminals; otherwise, they are not included.
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4.1.2.26 SETUP ACKnowledge

The network sends this message to the calling user to signal that the network has
begun call establishment but needs additional information to proceed. The SETUP
ACKnowledge message content is shown in Table 4.1.2-25.

Message Type: SETUP ACKnowledge
Direction: Network to User

Table 4.1.2-25 — SETUP ACKnowledge Message Content

INFORMATION | APPLICATION | SECTION | DIRECTION TYPE LENGTH
ELEMENT

Protocol ALL 41.3.1.1 n-u M 1

Discriminator

Call Reference ALL 41.31.2 n-u M 2-3

Message Type ALL 4.1.3.1.3 n-u M 1

Channel ALL 4.1.3.2.10 n-u M 3

Identification

Progress SV 4.1.3.2.20 n-u @) 4

Indicator

Information V, SV, C,SC | 4.1.3.2.16 n-u (@) 3

Request

Signal V, SV, C,SC | 4.1.3.2.24 n-u a 3

Feature SV 4.1.3.2.14 n-u o°¢ 4-5

Indication

Locking Shift to SV, sC 41321 n-u b 1

Codeset 5

Display Text SV, SC 41.3.3.1 n-u @) 5-128

Note(s):

a. Present if the SETUP message did not contain address digits; otherwise, not
included.

b. This element is mandatory only if any Codeset 6 IEs are included in the message;
otherwise it is not included.

c. Feature Indication not sent to Non-Initializing Terminals.
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4.1.2.27 STATUS

The user sends this message to the network, in response to a STATUS ENQuiry, to
inform the network of the current call state of the user. In addition, the user may send
this message at any time other than in response to a STATUS ENQuiry. However, the
network will take no action upon receipt of this message. The STATUS message
content is shown in Table 4.1.2-26.

Message Type: STATUS
Direction: User to Network

Table 4.1.2-26 — STATUS Message Content

INFORMATION | APPLICATION | SECTION |DIRECTION | TYPE LENGTH
ELEMENT

Protocol ALL 4.1.3.1.1 both M 1

Discriminator

Call Reference ALL 4,1.3.1.2 both M 2-3

Message Type ALL 41.3.1.3 both M 1

Cause ALL 4.1.3.2.9 both M 4-5

Call State ALL 4,1.3.2.4 both M 3

Locking Shift to SV, sSC 41.3.2.1 n-u (0] 1

Codeset 5

Display Text SV, SC 41.3.3.1 n-u (0] 5-128

4.1.2.28 STATUS ENQuiry

The network sends this message to the user, both periodically and on-demand, to
verify the terminal/network consistency of the current state of the call. In particular,
the network may use this message to check against the potential of lost DISConnect
messages. Sending a STATUS message in response to a STATUS ENQuiry message is
mandatory. The STATUS ENQuiry message content is shown in Table 4.1.2-27.

Message Type: STATUS ENQuiry
Direction: Network to User

Table 4.1.2-27 — STATUS ENQuiry Message Content

INFORMATION | APPLICATION SECTION DIRECTION TYPE LENGTH
ELEMENT

Protocol ALL 4.1.3.1.1 n-u M 1

Discriminator

Call Reference ALL 4.1.3.1.2 n-u M 2-3

Message Type ALL 4.1.3.1.3 n-u M 1

Locking Shift SV, SC 41321 n-u @) 1

to Codeset 5

Display Text SV, SC 41.3.3.1 n-u @) 5-128
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4.1.3 MESSAGE ELEMENT (STRUCTURE) DEFINITIONS
4.1.3.1 First Three Information Elements of Every Message
4.1.3.1.1 Protocol Discriminator

The protocol discriminator identifies the messages for user-network call control as
Q.931 messages and is the first information element of every message. See Table
4.1.3-1.

Table 4.1.3-1 — Protocol Discriminator

8 7 6 5 4 3 2 1
Q.931 user-network call control messages
0 0 0 0 1 0 0 0 |Octet 1
Protocol Discriminator

4.1.3.1.2 Call Reference

The call reference identifies a call at the local user-network interface to which the
particular message applies and is the second information element of every message.
The call reference IE comprises two fields: the call reference value and the call
reference flag. See Table 4.1.3-2.

Table 4.1.3-2 — Call Reference

8 7 6 5 4 3 2 1
0 0 0 0 Length of Octet 1
call reference value
(in octets)
flag call reference value 2
call reference value continued 3*

* Included if length of call reference value is 2 octets.
0 = message sent by side that allocated call reference value.
1 = message sent by side that did not allocate call reference value.

» Call Reference Value: The call reference values are assigned by the originating
side of the interface for a call. These values are unique to the originating side only
within a particular D-channel, Layer 2 logical link connection, as identified by a
service access point identifier (SAPI) and a terminal endpoint identifier (TEI).

The terminal shall assign a single-octet call reference value within the range 1 to
127. The terminal shall assign a 2-octet call reference value when no call reference
values are available within the range 1 to 127.

» Call Reference Flag: The call reference flag can have the value "0" or "1" and
identifies which end of the Layer 2 logical link allocated the call reference. The
side that allocates the call reference sets the call reference flag to "0"; the other
side sets the call reference flag to "1".

The null call reference is coded as shown in Table 4.1.3-3.
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Table 4.1.3-3 — Null Call Reference
87654321

000O0|/000O0O0|Octetl
Length

4.1.3.1.3 Message Type

The message type identifies the function of the message being sent and is the third
information element of every message. When a 2-octet information element is used,
the first octet is coded as "0000 0000." See Table 4.1.3-4.

Table 4.1.3-4 — Message Type

8 7 6 5 4 3 2 1

o | Message Type Octet 1
8 7 6 5 4 3 2 1
0 0 0 0 0 0 0 0 Octet 1
1 Network-specific message type 2

Table 4.1.3-5 shows the codings of the message types.
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Table 4.1.3-5 — Message Types

6|5|4|3|2|1|(Octet 1)
-{-1]-|-1-|Call establishment messages:
0/0|0|0|1|-ALERTing
0/0|0|1|0|- CALL PROCeeding
0{0[1|1{1]|- CONNect
0(1[1|1|1]|- CONNect ACKnowledge
0({0[0|1|{1]|-PROGress
0/0|1|0|1|-SETUP
0(1[1|0(1]|-SETUP ACKnowledge
0f{0f2|-|-|-]-]-|Call information phase messages:
0/0|1|0|0|-HOLD
0(1{0|0(0]|-HOLD ACKnowledge
1|{0|0|0|0|-HOLD REJect
1|/0(0|0|1|- RETrieve
1|/0(0|1|1|- RETrieve ACKnowledge
1|/0(1|1|1|- RETrieve REJect
0[1]|0|-|-]|-]-]-[Call disengagement messages:
0({0[1|0|1]|-DISConnect
0({1({1|0|1]|-RELease
1|/1|/0|1|0|- RELease COMplete
O[1|1|-|-]|-|-]-|Miscellaneous messages:
0/0|0|1|0|- FACility
1|/1(0|1|1|- INFOrmation
0/1|1|1|0|- NOTIFY
0|/0|1|0|0|- REGister
0/0|0|0|0|-SEGment
1|1|1|0|1|-STATus
1|/0(1|0|1|- STATus ENQuiry
8(7(6(5[4(3|2]|1]|(Octet 2)
-|-1-1-|-1]-1- | Network-specific messages:
1|{1{1|1|0|1|1|-KEY HOLD
1{1{1]|1|{1|0|0|- KEY RELease
1|{1|{1|1|{1|0|1|-KEY SETUP
1|{1{1|1|1|1|0|-KEY SETUP ACKnowledge
All other values are reserved

4.1.3.2 Subsequent Information Elements

Other IEs follow the coding rules described in Tables 4.1.3-6 and 4.1.3-7. These rules
are formulated to allow the terminal that processes a message to find IEs important to
it, and yet remain ignorant of IEs that are not important to it.

Two categories of IEs are defined:
» Single octet information elements are defined in Table 4.1.3-6

» Variable-length information elements are defined in Table 4.1.3-7.
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Table 4.1.3-6 — Information Element Format - Single Octet

8 7 6 5 43 21

1| Information | Contents of | Octet 1
element |information
identifier element

Table 4.1.3-7 — Information Element Format - Variable-Length

8 7 6 5 4 3 2 1

0 Information element identifier Octet 1
Length of information element (octets) 2
Contents of information element 3, etc.

The IEs are described in the following sections. Each IE has a particular order of
appearance in a message, as indicated in "Message Content Definitions," Section 4.1.2.
This order allows the receiving equipment to detect the presence or absence of a
particular 1E without scanning through an entire message.

In a message, the variable-length IEs, defined within ITU-T Recommendation Q.931
and Q.932, appear in ascending numerical order of the IE identifier value. If any
network-specific 1Es are included, the locking shift IE appears after the
variable-length IEs defined within ITU-T Recommendation Q.931 and Q.932; the
variable-length network-specific IEs then appear in ascending numerical order.

In the description of IEs, spare bits are set to "0." In the description of IEs having an
extension bit (Ext), a "0" indicates the octet continues to the next octet, and a "1"
indicates the octet is the last one in the extension domain.

A variable length information element’s second octet indicates the total length of its
contents. It represents the binary encoding of the number of octets (that is, the
number of octets after Octet 2), with bit "1" as the least significant (2°).

Table 4.1.3-8 summarizes the coding of the IE identifier bits for 1Es defined in Codeset
0 (ITU-T Recommendation Q.931 and Q.932). Codeset 0 is the active codeset at the
start of message-content analysis.
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Table 4.1.3-8 — ITU-T Recommendation Q.931- and Q.932-Defined Information
Element Identifier Coding (Codeset 0)

8 7 6 5 4 | 3| 2 1 Information Element

1 - - - - | Single-octet information element

1 0 0 1 X | X X | Locking shift

1 0 0 1 X Nonlocking shift

0 Variable-length information elements

Segmented Message
Bearer Capability

Cause

Extended Facility

Call State

Channel Identification
Facility

Progress Indicator
Notification Indicator
Keypad

Information Request
Signal

Feature Activation
Feature Indication
Service Profile Identification
Endpoint Identifier
Calling Party Number
Calling Party Subaddress
Called Party Number
Called Party Subaddress
Redirecting Number
Redirection Number
Transit Network Selection

P PR PR P PR OOOOOOOOOOOOOOO OO -
P R R R R R RPRRRPRRRRRRERRREOOOOOOOO

P PP PP P OORRRRLRRERREPLOORRERRELRERELROOOO - -
P P OO0 O0OO0ORRPRRRRLRRELROORORRRERORIERLOO - -

Low-layer Compatibility

P P OR P OORFRRFROOOORORIRRERIRORIEROIERO --
O 0OO0Okr OO O0OO0OO0OREFR OOORORRPEPROOOOOO O -
P OO0 OkrR OFR OR ORFROOOOROOOO«ROOO --

1 1 1 1
All other values are reserved.

High-layer Compatibility

4.1.3.2.1 Locking Shift

The locking shift information element, shown in Table 4.1.3-9, is used to shift to two
codesets: the national-specific codeset (Codeset 5) or the network-specific codeset
(Codeset 6). The locking shift procedure employs this information element to indicate
the new active codeset. The specified codeset remains active until another locking shift
information element is encountered.
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Table 4.1.3-9 — Locking Shift Information Element

8 7 6 5 4 3 21

110 0 1 O Octet 1
Locking shift | Codeset
identifier
» Codeset (Octet 1):
Bits
321 Meaning

1 0 1 National-specific codeset (Codeset 5)
1 1 0 Network-specific codeset (Codeset 6)

» National-specific codeset (Codeset 5):

Bits
8 7654 3 2 1 Information Element
0001110 1 Operator system access
00101010 Display text

» Network-specific codeset (Codeset 6):

Bits
87 654 3 2 1 Information Element
01111011 Callappearance

4.1.3.2.2 Nonlocking Shift

The nonlocking shift information element, shown in Table 4.1.3-10, is used to shift to
two codesets: the national-specific codeset (Codeset 5) or the network-specific codeset
(Codeset 6). This nonlocking shift procedure is used to indicate the codeset to be used

to interpret the next single IE. After the interpretation of the next single IE, the
active codeset is again used.

Table 4.1.3-10 — Nonlocking Shift Information Element

8 7 6 5 4 321
1/0 0 0 O |0 O O|Octet1

Nonlocking shift| Codeset
identifier

» Codeset (Octet 1):
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Bits
3 2 1 Meaning

1 0 1 National-specific codeset (Codeset 5)
1 1 0 Network-specific codeset (Codeset 6)

» National-specific codeset (Codeset 5):

Bits
8 7654 3 2 1 Information Element
0001110 1 Operator System Access
00101010 Display Text

» Network-specific codeset (Codeset 6):

Bits
87 65 4 3 2 1 Information Element
01111011 Callappearance

4.1.3.2.3 Bearer Capability

The bearer capability information element, shown in Table 4.1.3-11, allows the calling
terminal to request one of the bearer capabilities offered by the network and also

allows the network to indicate to the called terminal the bearer capability of the
incoming call.

Table 4.1.3-11 — Bearer Capability Information Element

8 7 6 5 4 3 2 1
Bearer Capability
0 0 0 0 0 1 0 0 Octet 1
Information element identifier
Length of the bearer capability information element 2
1 Ext 0 0 Information transfer capability 3
Q.931
Standard
1 Ext Transfer mode and rate 4
0/1 User information Layer 1 protocol 52
Ext
1 Ext |0 0 Rate 5a%
1 Ext User information Layer 2 protocol 6P
1 Ext User information Layer 3 protocol 7°
Note(s):

a. Octets 5 and 5a may both be omitted. Octet 5a should be included under only
certain circumstances when Octet 5 is included.

b. Octets 6 and 7 are included for only the packet mode.
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* Information-transfer capability (Octet 3):

Bits
5 4 3 2 1 Meaning
0 0 0 0 0 Speech
0 1 0 0 O unrestricted digital information
1000 0 3.1kHz audio
All other values are reserved.

» Transfer mode and rate (Octet 4):

Bits
765432 1 Meaning
001000 0 64kbps, circuit mode
10000 0 0 Packet mode
All other values are reserved.

* User information Layer 1 protocol (Octet 5):

Bits
7654321 Meaning
0100 0 0 1 UserlInformation Layer 1 - rate adaption
0100010 UserlInformation Layer 1 - p-law (Rec. G.711)
All other values are reserved.

» Rate (Octet 5a):

Bits
7654 32 1 Meaning
0001111 Rate adaption from 56 kbps (Rec. 1.463)
All other values are reserved.

When the encoding of the user information Layer 1 protocol in Octet 5 indicates
rate adaption, Octet 5a is also included and communicates the rate. This rate
adaption applies to circuit-mode transfer only.

» User information Layer 2 protocol (Octet 6):

Bits
7654 32 1 Meaning
1000010 LAPD (Recommendation Q.921/1.441)
1000110 LAPB (Recommendation X.25, link level)

» User information Layer 3 protocol (Octet 7):
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Bits
765432 1 Meaning
1100110 Recommendation X.25, packet level

A. Codings at the Originating Interface
The bearer capability information element is coded for each bearer capability:
e Speech, circuit-mode
— Information transfer capability = speech
— Transfer mode and rate = 64-kbps, circuit-mode
— User information layer protocol = p-law
— Octets 5a, 6, and 7 not present.
e 3.1-kHz audio, circuit-mode
— Information transfer capability = 3.1-kHz audio
— Transfer mode and rate = 64-kbps, circuit-mode
— User information Layer 1 protocol = p-law
— Octets 5a, 6, and 7 not present.
e 64-kbps, unrestricted digital information, circuit-mode
— Information transfer capability = unrestricted digital information
— Transfer mode and rate = 64-kbps, circuit-mode
— Octets 5, 5a, 6, and 7 not present.

e 64-kbps, unrestricted digital information, circuit-mode, rate adapted from
56-kbps

— Information transfer capability = unrestricted digital information
— Transfer mode and rate = 64-kbps, circuit-mode

— User information Layer 1 protocol = user information layer 1 - rate
adaption

— Rate = 56 kbps
— Octets 6 and 7 not present.
e Unrestricted digital information, packet-mode
— Information transfer capability = unrestricted digital information
— Transfer mode and rate = packet-mode

— User information Layer 2 protocol = [link access procedures on the
D-channel (LAPD), if channel indicated is D-channel] or [link access
procedures - balanced (LAPB), if channel indicated is B-channel]

— User information Layer 3 protocol = X.25, packet level

— Octet 5 and 5a not present.
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B. Codings at the Destination Interface

The coding of the bearer capability IE at the terminating interface is identical to
those described previously for originating interfaces.
4.1.3.2.4 Call State

The call state information element, shown in Table 4.1.3-12, describes the current
status of a call and is included only in the STATus message. See SDLs for more
information.

Table 4.1.3-12 — Call State Information Element

8 7 6 5 4 3 2 1
Call State

0O 0 0O 1 0 1 0 O|Octet1

Information element identifier

0O 0 O OO 0 0 12

Length of Call State Contents 2

0 0| call State Value 3

e Call State Value (Octet 3): The call state values are shown in Table 4.1.3-13.

Table 4.1.3-13 — Call State Values

BITS
VALUE |MEANING

Null

Call Initiated

Overlap Sending
Outgoing Call Proceeding
Call Delivered

Call Present

Call Received

Connect Request
Incoming Call Proceeding
Active

Disconnect Request
Disconnect Indication
Release Request
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4.1.3.2.5 Called Party Number

The called party number information element, shown in Table 4.1.3-14, identifies the
destination of a call for routing.
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Table 4.1.3-14 — Called Party Number Information Element

8 7 6 5 4 3 2 1
Called Party Number

0O |1 1 1 0o 0 0 o0 |Octetl
Information element identifier

Length of called party number information 2

1 Ext Type of number and 3
numbering plan identification

0 Spare Digits 4, etc.
(IA5 Characters)

e Type of number and numbering plan (Octet 3):

Bits
7654 32 1 Meaning

0 0000 0 0 Unknown number in Unknown numbering
plan (see Note)

001000 1 International number in ISDN numbering
plan (Rec. E.164)

0100 0 0 1 National number in ISDN numbering plan
(Rec. E.164)

011100 1 Network-specific number in private
numbering plan

100000 1 Local (directory) number in ISDN numbering
plan (Rec. E.164)

110100 1 Abbreviated number in private numbering
plan

All other values are reserved.

Note: When this codepoint is used:

— The number digits beginning in Octet 4 can provide the same information as is
supported in the keypad information element.

— The called party number is provided enbloc.

— This information element is not to be used in combination with the keypad,
operator system access or transit network selection information elements.

— This information is always considered to be complete and unambiguous; for
example, if the information is not a valid dial access code or DN, the switch
will provide the appropriate error treatment.

» Digits (Octets 4, etc.):
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Bits

7654321 Meaning
0100011 #
0101010
0110000
0110001
0110010
0110011
0110100
0110101
0110110
0110111
0111000
0111001 9
All other values are reserved.

*

0 N Ol W N PP O

The "*" and "#" can be used with only the "Unknown Number in unknown
numbering plan” codepoint.

A. Codings at the Originating Interface

When the terminal uses the "International number in ISDN numbering plan”
codepoint, the terminal shall include no fewer than 6 digits and no more than 15
digits in the digits field.

When the terminal uses the "National number in ISDN numbering plan"
codepoint, the terminal shall include 10 digits in the digits field, unless an N11
code is included.

When the terminal uses the "Local (directory) number in the ISDN numbering
plan” codepoint, the terminal shall include 7 digits in the digits field, unless an
N11 code is included.

4.1.3.2.6 Called Party Subaddress

The called party subaddress information element, shown in Table 4.1.3-15, identifies a
subaddress associated with the called terminal.
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Table 4.1.3-15 — Called Party Subaddress Information Element

8 7 6 5 4 3 2 1
Called Party Subaddress
0 1 1 1 0 0 0 1 Octet 1
Information element identifier
Length of called party subaddress information 2
1 Ext | Type of Subaddress |odd/even| O 0 0 3
indicator
Spare
Subaddress information 4, etc.

» Type of subaddress (Octet 3):

Bits

7 6 5 Meaning

0 0 O NSAP (X.213/1SO 8348 AD2)
0 1 0 User Specified

0 0 1 Reserved

0 1 1 Reserved

» Odd/even indicator (Octet 3):

Bit

4 Meaning

0 Even number of digits in subaddress
1 Odd number of digits in subaddress

A. Codings at the Originating Interface

The called party subaddress IE can be included in a SETUP message.
B. Codings at the Destination Interface

The called party subaddress IE may be included in a SETUP message.

4.1.3.2.7 Calling Party Number

The calling party number information element, shown in Table 4.1.3-16, identifies the
origin of a call.
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Table 4.1.3-16 — Calling Party Number Information Element

7 6 5 4 3 2 1
Calling Party Number
1 1 0 1 1 0 0 |Octet 1
Information element identifier
Length of calling party number information 2
0/1 Ext | Type of number and numbering plan identification 3
1 Ext Origin of number and presentation status 3a*
0 Spare Digits (IA5 Characters) 4, etc.*

* This octet may be omitted in some cases.

e Type of number and numbering plan (Octet 3):

Bits

7 6 5 4 3 2 1 Meaning

0 0O 0O 0 0O O O Unknownnumberinunknown numbering plan

0 0O 1 0 0 0 1 International number in ISDN numbering plan (Rec.
E.164)

0 1 0 0O 0 0 1 National number in ISDN numbering plan (Rec. E.164)

1 0 0 0 O O 1 Local (directory) number in ISDN numbering plan
(Rec. E.164)

1 0 0 1 0 0 1 Local number in private numbering plan

1 1 0 1 0 0 1 Abbreviated number in private numbering plan

All other values are reserved.

» Origin of number and presentation status (Octet 3a):

Page 4.1.3-14
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Bits

7 6 5 4 3 2 1 Meaning

0O 0 O O O O O Presentation allowed of user-provided number,
number not screened.

0O 0 0O O O 0 1 Presentation allowed of user-provided number,
number passed network screening.

0O 0 0O O O 1 O Presentation allowed of user-provided number,
number failed network screening

0O 0 0O O O 1 1 Presentation allowed of network-provided number

0O 1 0 O O O O Presentation prohibited of user-provided number,
number not screened

0O 1 0 O O 0 1 Presentation prohibited of user-provided number,
number passed network screening

0O 1 0 O O 1 0 Presentation prohibited of user-provided number,
number failed network screening

0O 1 0 0O 0 1 1 Presentation prohibited of network-provided number

1 0 0 0 0 1 1 Numbernotavailable due to interworking

All other values are reserved.

* Digits (Octets 4, etc.):

Digits are represented by 1A5 characters, whose encoding is shown as follows:

Bits
7 6 54 3 2 1 Meaning
0110000 0
0110001 1
0110010 2
0110011 3
0110100 4
0110101 5
0110110 6
0110111 7
0111000 8
0111001 9

All other values are reserved.

Issue 6.00

Codings at the Originating Interface

The type of number and numbering plan is coded as either "local (directory)
number in the ISDN numbering plan,” with the digits field containing a 7-digit
local number or "national number in the ISDN numbering plan” with the digits
field containing a 10-digit national number. If Octet 3a is included, Octet 3a is
coded as "presentation allowed of user provided number, number not screened"”
or "presentation prohibited of user provided number, number not screened."
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The type of number and numbering plan is one of the following:

"Unknown number in unknown numbering plan”

"International number in ISDN numbering plan”

"International number in data numbering plan (ITU-T Recommendation

X.121)"

"National number in ISDN numbering plan”

"National number in data numbering plan”

"Network-specific number in data numbering plan.”

The Stored Program Control System (SPCS) will include the origin of number and
presentation status (Octet 3a).

The SPCS will not include digits if the presentation of the number is prohibited or if
the number is not available due to interworking.

4.1.3.2.8 Calling Party Subaddress

The calling party subaddress information element, shown in Table 4.1.3-17, identifies
a subaddress associated with the origin of a call.

Table 4.1.3-17 — Calling Party Subaddress Information Element

8 7 6 5 4 3

2 1

0 1 1 0 1 1

Calling Party Subaddress

0 1

Information element identifier

Length of called party subaddress information

1Ext| Type of odd/even 0
Subaddress | indicator

0 0
Spare

Subaddress information

» Type of subaddress (Octet 3):

Bits
7 6 5 Meaning

0 0 0 NSAP (X.213/1SO 8348 AD?2)
0 1 0 User Specified
All other values are reserved.

» Odd/even indicator (Octet 3):

Page 4.1.3-16
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Bit

4 Meaning

0 Even number of digits in subaddress
1 Odd number of digits in subaddress

4.1.3.2.9 Cause

The cause information element, shown in Table 4.1.3-18, describes the reason for
generating certain messages, provides diagnostic information in the event of
procedural errors, and indicates the location of the cause originator. Diagnostic
information is not available for every cause. The cause IE and diagnostic may be
repeated in a message to report multiple errors associated with a single call.

Table 4.1.3-18 — Cause Information Element

8 7 6 5 4 3 2 1

Cause
0 0 0O 01 0O 0 O
Information element identifier

Length of cause information element

1 Ext| Coding |0 General
standard location
1 Ext Cause value
(class) | (Value in class)
Diagnostics

* This octet may be omitted.

* Coding standard (Octet 3):

Octet

5, etc.*

Bits
7 6 Meaning
0 0 ITU-TS-standard
1 0 National-Specific
1 1 Network-specific

All other values are reserved.

* General location (Octet 3):
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Bits
4 3 2 1 Meaning
0 0 0 0 user
0O O 0 1 private network serving local user
0O O 1 0 public network serving local user
0O O 1 1 transit network
0 1 0 0 public network serving remote user
0O 1 0 1 private network serving remote user
0 1 1 1 international network
1 0 1 0 network beyond interworking point

All other values are reserved.

» Cause value (Octet 4):

The cause value consists of two fields: a class (Bits 5 through 7), indicating the
general nature of the event, and a value within the class (Bits 1 through 4).

— Cause Classes

Bits

Meaning

= B O O O O (N
O O Fr Pk OO,
P O FPr O Fr Olu

1

10

normal event

normal event

network congestion

service or option not available
service or option not implemented

invalid message (for example, parameter out
of range)

protocol error (for example, unknown
message)

1 1 interworking

The ITU-TS-standardized and network-specific cause values are shown in
Tables 4.1.3-19 and 4.1.3-20.
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Table 4.1.3-19 — ITU-TS-Standardized Cause Values

CAUSE VALUE

BITS CAgSE CAUSE DIAGNOSTIC

765 4321

000 0001 1. Unallocated (unassigned) number None

000 0010 2 No route to specified transit None
network

000 0011 3. No route to dest. None

000 0110 6. Channel unacceptable None

000 0111 7. Call awarded and being delivered in | None
an established channel

001 0000 16. Normal clearing None

001 0001 17. User busy None

001 0010 18. No user responding None

001 0011 19. User alerting, no answer None

001 0101 21. Call Rejected None

001 1011 27. Destination out of order None

001 1100 28. Invalid number format (incomplete | None
address)

001 1101 29. Facility rejected None

001 1110 30. Response to STATus ENQuiry None

010 0010 34. Circuit/Channel Congestion None

010 1001 41. Temporary failure None

010 1010 42. Switching equipment congestion None

010 1011 43. Access information discarded Info element

identifier

010 1100 44, Requested channel not available None

011 0010 50. Requested facility not subscribed None

011 1001 57. Bearer capability not authorized None

011 1111 63. Service or option not available, None
unspecified

100 0001 65. Bearer capability not implemented |None

100 0101 69. Requested facility not implemented | None

101 0001 81. Invalid call reference value None

101 1000 88. Incompatible destination None

110 0000 96. Mandatory information element is | Identifier
missing

110 0001 97. Message type nonexistent or not None
implemented

110 0011 99. Information element nonexistent or | Info element
not implemented identifier

110 0100 100. Invalid information element Info element
contents identifier

110 0101 101. Message not compatible with call None
state
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Table 4.1.3-19 — ITU-TS-Standardized Cause Values (Contd)

CAUSE VALUE CAUSE
BITS # CAUSE DIAGNOSTIC
765 4321
110 0110 102. Recovery of timer expiry None
110 1111 111. Protocol error, unspecified None
111 1111 127. Interworking, unspecified None
Table 4.1.3-20 — Network-Specific Cause Values
CAUSE VALUE CAUSE CAUSE DIAGNOSTIC
BITS #
765 4321
000 1000 8. Call is proceeding None
000 1101 13. Service denied None
001 1100 28. Special intercept None
announcement
001 1101 29. Special intercept None
announcement undefined
code
001 1110 30. Special intercept None
announcement number
unassigned
001 1111 31. Special intercept None
announcement call blocked
due to group restriction
010 0011 352 Call is queued None
011 0011 51. Call type incompatible with | None
service request
011 0101 53. Service operation violated |Long-term
denial,
short-term
denial
Note(s):

a. Although the Cause class for this Cause value is "Resource unavailable," this value does not
imply that the call should be cleared. See "Queuing Treatment," Section 4.2.1.6.3.5.

» Diagnostics (Octet 5):

Where the diagnostic indicates an "information element identifier" (or "identifier"
as given for Cause 96), the diagnostic contains the information element identifier
value. Where the diagnostic indicates "Long-term denial” or "short-term denial,"

the following codings are used:
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Bits

8 7654321 Meaning
0000O0O0OO0OO0 Shortterm denial
00000O0O01 Long-term denial
All other values are reserved

4.1.3.2.10 Channel ldentification

The channel identifier information element, shown in Table 4.1.3-21, identifies a
channel within an ISDN interface.

Table 4.1.3-21 — Channel Identification Information Element

8 7 6 5 4 3 2 1
Channel identification
0 0 0 1 1 0 0 0 Octet 1
Information element identifier
0 0 0 0 0 0 0 1 2
Length of channel identification
1 Int ID Int 0 Pref/ | D chan Channel 3
Type | Spare | Excl Ind Selection
Information

e Extension bit (Octet 3):

Bit
8 Meaning
1 Last octet.

» Interface identifier present (Octet 3):

Bit
7 Meaning
0 Interface is implicitly identified as the

interface that includes the D-channel
carrying the information element.

* Interface type (Octet 3):
Bit
6 Meaning
0 Basic Access Interface

» Preferred/Exclusive (Octet 3):
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Bit
4 Meaning
0 Indicated channel is preferred

1 Exclusive B-channel is indicated; D-channel
may be used if indicated by Bit 3.

e D-channel indicator (Octet 3):

Bit

3 Meaning

0 D-channel not indicated
1 D-channel indicated

The D-channel indicator is set to "0" for circuit-mode calls and set to either "0" or
"1" for packet-mode calls.

* Channel-selection information (Octet 3):

Bit

2 1 Meaning

0 0 No B-channel indicated

0 1 B1 on Basic Access interface
1 0 B2 on Basic Access interface
1 1 Any channel

4.1.3.2.11 Display Text

This section defines display tags that are not supported on multiple vendor switches
for NI-1.

"Display Text," Section 4.1.3.3.1, defines the coding of the display text IE that is
supported as part of NI-1.

A. Display Text Tags (F)
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Bits
876543 2 1 Meaning
1000110 1 Calling party name
10001110 Called party name
10001111 Original call name
100100 00 Redirecting name
1001000 1 Connected name
100100 10 Originating restrictions
10010011 Date & Time of day
10010110 Redirection name
100110 00 Redirecting number
100110 0 1 Original called number
10011010 Connected number
10011110 Text
All other values are reserved.

The following list contains definitions for each of the display text tags listed.

1.

2.

10.

11.

12.

Calling party name: This tag indicates ASCII text regarding the calling
party’s name.

Called party name: This tag indicates ASCII text regarding the called
party’'s name.

Original called name: This tag indicates ASCII text regarding the
original called party’s name (that is, first redirecting name).
Redirecting name: This tag indicates ASCII text regarding the last
redirecting name.

Connected name: This tag indicates ASCII information regarding the
name of the connected to party.

Originating restrictions: This tag indicates ASCII text regarding
restricting conditions that may apply to the calling party.

Date & time of day: This tag indicates ASCII text in form
mm-dd-hh:mm am (or pm).

Redirection name: This tag indicates ASCII text regarding the
redirection party’s name.

Redirecting number: This tag indicates ASCII text regarding the
redirecting number.

Original called number: This tag indicates ASCII text regarding the
original call number.

Connected number: This tag indicates ASCII text regarding the
connected number.

Text: This tag indicates ASCII text that does not have a specific display
text tag.

B. Optional Control Tags (F)

The general coding of optional control tags is shown in Table 4.1.3-22.
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Table 4.1.3-22 — General Coding of Optional Control Tags (F)

8 7 6 5 4 3 2 1
1 olor1|1 1 1 1 1
0 [1 X X X X X X

Extension | Optional Control Tag ldentifier
bit

Bit 7 of the second octet of the optional control tag identifier is set to 1 to
indicate that this tag is an optional control tag. Bit 7 of any following octets in
an optional control tag is assignable to a particular optional control tag. The 0 or
1 value in Bit 6 of the first octet of the optional control tag identifier allowed in
optional control tags refers to a primitive or constructor data structure as
described in Section 111.2.3 of Appendix 111 of ANSI* T1.610-1990. For example,
a 3-octet optional control tag would appear as shown in Table 4.1.3-23.

Table 4.1.3-23 — 3-Octet Optional Control Tag

8 7 6 5 4 3 2 1
1 olo1 |1 1 1 1 1
o] 1 x x X X X X

Optional Control Tag ldentifier
1| X X X X X X X
Optional Control Tag Identifier (continued)

The reverse video, blink, and normal rendition optional control tags are coded as
shown in Table 4.1.3-24.

1. Registered trademark of American National Standards Institute.
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Table 4.1.3-24 — Coding of Reverse Video, Blink, and Normal Rendition
Optional Control Tags

BITS
OPTIONAL CONTROLTAGS |8 7 6 54 32 1
Reverse Video 10011111
01000001
Length 00000O0O00O
Blink 10011111
01000010
Length 000000O00O
Normal Rendition 10011111
01000011
Length 0000O0O0O0O

4.1.3.2.12 Endpoint Identifier

The SPCS sends this information element to the terminal to support terminal
selection on call termination for some services and to provide terminal selection
parameters as part of terminal initialization. No EID is generated for or sent to a
Non-Initializing Terminal. See Table 4.1.3-25.

Table 4.1.3-25 — Endpoint Identifier Information Element

8 7 6 5 4 3 2 1
Endpoint identifier

0 0 1 1 1 0 1 1 |Octetl

Information element identifier

Length of endpoint identifier contents 2
1 Ext User Service IDentifier 3
1 Ext | Interpreter | Terminal IDentifier 42
Note(s):

a. This octet is optional.

User Service Identifier: The user service identifier (USID) is a selection parameter
that identifies all terminals on an interface that have been initialized, that are
associated with a user service order profile (USOP), and that may be addressed
together. This parameter may have values from 0 to 127. The value 127 is a
reserved value, coded as all "1"s (=127), to select all initialized terminals on a
standard interface. When used in the initialization procedure, this parameter
should contain a value from 0 to 126, which is assigned by the switch on a given
interface and is uniquely associated with the identified USOP. When used in
message broadcast (at Layer 2) on the standard interface to select the terminals
that are associated with a specified USOP, this parameter should be coded with
the USID value that corresponds to that USOP on the interface. When the USID
is coded as 127, Octet 4 is not used and may be omitted. A USID will be unique
per terminal per interface (that is, terminals cannot share USOPSs). For
successfully initialized terminals, the USID will have a value from 0 to 7.
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* Terminal Identifier: The terminal identifier (TID) is a selection parameter that
identifies a single terminal. It may have values from 0 to 62 that differ from the
prestandard range of 0-127. The TID value, to be in the range of 00-62, is assigned
by the user and forms the last two digits of the SPID entered into the terminal.
This same TID value is sent by the switch to the terminal as part of the EID
during initialization. The TID value of 63 is used to address all terminals on the
interface that share the same USOP. To identify a particular terminal, the TID
should be coded with the value assigned to that terminal at initialization.

* Interpreter: The interpreter bit indicates how the TID field is to be interpreted.

Bit
7 Meaning

0 Terminal is selected if it is assigned the
indicated TID and USID value.

1 Terminal is selected if it is not assigned the
indicated TID bit, but is assigned the
indicated USID value.

4.1.3.2.13 Feature Activation

The feature activation information element, shown in Table 4.1.3-26, is used by an

initialized terminal to request control of a feature. It will not be accepted from a
Non-Initializing Terminal.

Table 4.1.3-26 — Feature Activation Information Element

8 7 6 5 4 3 2 1
Feature activation
0 0 1 1 1 0 0 O |Octet 1

Information element identifier
Length of feature activation information
0/1 Ext Feature identifier 3

1 Ext Feature identifier 3a
continuation, if needed

* This octet may be omitted.

» The terminal shall code the feature identifier value as the binary coding of a
decimal number in the range from 1 to 254. The values of 1 to 127 are coded in
one octet, and the values 128 to 254 are coded in two octets.

4.1.3.2.14 Feature Indication

The feature indication information element, shown in Table 4.1.3-27, is used to inform
an initialized terminal about the current status of the feature identified. This

information element may be repeated in a message if the status changes for multiple
features.
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Table 4.1.3-27 — Feature Indication Information Element

8 I 6 5 4 3 2 1

Feature indication
0 0 1 1 1 0 0 1 |Octet 1
Information element identifier
Length of feature indication information 2
0/1 Ext. Feature identifier 3
1 Ext. |Feature identifier continuation, if needed 3a®
0 0 0 0 Feature status 4
Spare
Note(s):

a. This octet may be omitted

» The SPCS will (F) code the feature identifier value as the binary coding of a
decimal number in the range from 1 to 254. The values of 1 to 127 are coded in
one octet, and the values 128 to 254 are coded in two octets.

e Feature Status: The bit meaning for the feature status is shown as follows:

Bits
4 3 2 1 Meaning
0O O O O |Idle
0O O O 1 Active
0O 0O 1 0 Prompt
0 0 1 1 Pending

All other values are reserved.

4.1.3.2.15 High-Layer Compatibility

The high-layer compatibility information element, shown in Table 4.1.3-28, provides a
means to the called terminal for compatibility checking. This information is not
interpreted by the network, but is carried transparently and delivered to the called
terminal during call establishment.

The SPCS ensures that the maximum allowed length of the high-layer compatibility
information element, 5 octets, is not exceeded.

The information on coding contained in this section has been replicated from Section
4.5.16 of ITU-T Recommendation Q.931, as amended by ITU-TS Study Group Xl
Temporary Document 641-E, Proposed Amendments to Q.931. This information is
included here for the convenience of the reader.

The contents and structure of the high-layer compatibility information element are
shown in Table 4.1.3-28.
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Table 4.1.3-28 — High-Layer Compatibility Information Element

Bits
8 7 6 5 4 3 2 1 Octets
High-layer compatibility
0 1 1 1 1 1 0 1 1
Information element identifier
Length of high-layer compatibility contents 2
1 Ext | Coding standard | Interpretation Presentation 3
method of protocol
profile
0/1 ext High-layer characteristics identification 4
1 ext | Extended high-layer characteristics identification da

Note: This octet can be present when Octet 4 indicates maintenance or management.
* Coding standard (Octet 3)

Bits
7 6 Meaning

0 0 ITU-TS standardized coding, as described in
the following paragraph

0 1 Reserved for other international standards
(Note)

1 0 National standard (Note)

1 1 Standard defined for the network (either

public or private) present at the network side
of the interface (Note)

Note: These other coding standards are used when the desired high-layer
compatibility cannot be represented with the ITU-TS standardized coding.

* Interpretation (Octet 3)

Bits
5 4 3 Meaning

1 0 0 First (primary or only) high layer
characteristics identification (in Octet 4) to be
used in the call.

All other values are reserved.

"Interpretation" indicates how the "High layer characteristic identification" (in
Octet 4) is interpreted. Currently, "Interpretation” has only a single value.
However, ITU-TS Study Group Xl has noted that the following enhancements to
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the high-layer compatibility information element are for further study:

» Allowing the high-layer compatibility information element to contain multiple
"high-layer characteristics identifications" and the procedures to handle
multiple codings of this field (for example, sequential usage, alternative list,
simultaneous usage)

» High-layer compatibility negotiation procedures

» Presentation method of protocol profile (Octet 3)

Bits
2 1 Meaning

0 1 High-layer protocol profile (w/o specification
of attributes)

All other values are reserved.

Currently, "Presentation method of protocol profile" has only a single value, that
is, a "profile value" is used to indicate a service to be supported by high-layer
protocols as required. ITU-TS Study Group XI has noted that the necessity of
other presentations methods, for example, service indications in the form of
layer-by-layer indication of protocols to be used in high-layers, is left for further
study.

e High-Layer Characteristics Identification (Octet 4)
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Bits
765432 1 Meaning
000O0O0O0 1 Telephony
000010 0 Facsimile Group 2/3 (Recommendation F.182)
01000 0 1 Facsimile Group 4 Class | (Recommendation

T Y
R P O O
o r K
o R K
o r K
O O R K
= =)

000
through
1101111

1111111

F.184)

Teletex service, basic and mixed mode of
operation (Recommendation F.230) and
facsimile service Group 4, Classes Il and 111
(Recommendation F.184)

Teletex service, basic and processable mode of
operation (Recommendation F.220)

Teletex service, basic mode of operation
(Recommendation F.200)

Syntax based Videotex (Recommendations
F.300 and T.102) (Note 1)

International Videotex interworking through
gateways or interworking units
(Recommendations F.300 and T.101)

Teletex Service (Recommendation F.60)

Message Handling Systems (MHS)
(Recommendation X.400 series)

OSI application (Note 2) (Recommendation
X.200 series)

Reserved for maintenance (Note 3)
Reserved for management (Note 3)
Audio visual (Recommendation F.721)

Reserved for audio visual services
(Recommendation F.700 series)

Reserved

All other values reserved.

235-900-341
October 1999

Note 1: This is applicable to both terminal to videotex functions and videotex
function communications (where a videotex function is either a videotex access
point or a videotex data base or server).

Note 2: Further compatibility checking is executed by the OSI high-layer

protocol.

Note 3: When this coding is included, Octet 4 may be followed by Octet 4a.

The coding in the high-layer characteristics identification (Octet 4) applies in the
case of "Coding standard" = "ITU-TS standard" and "Presentation method of
protocol profile" = "High layer protocol profile." Codepoints are added only for
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those services for which ITU-T Recommendations are available. See also
Recommendation 1.241. Extended high-layer characteristics identification (Octet
4a)

Bits
765432 1 Meaning
00O0O0O0 0 1 Telephony
000010 0 Facsimile Group 2/3 (Recomm. F.182)
010000 1 Facsimile Group 4 Class | (Recomm. F.184)
010010 0 Teletex service, basic and mixed mode of

operation (Recomm. F.230) and facsimile
service Group 4, Classes Il and 11l (Recomm.
F.184)

01010 0 0 Teletex service, basic and processable mode of
operation (Recomm. F.220)

01100 0 1 Teletex service, basic mode of operation
(Recomm. F.200)

0110010 Syntax based Videotex (Recomm. F.300 and
T.102) (Note 1)

0110011 International Videotex interworking through
gateways or interworking units (Recomm.
F.300 and T.101)

011010 1 Telex service (Recomm. F.60)

01110 0 0 Message Handling Systems (MHS) (Recomm.
X.400 series)

100000 1 OSI application (Note 2) (Recomm. X.200
series)

1011110 Notavailable for assignment
1011111 Notavailable for assignment
11000 0 0 Audio visual (Recomm. F.721)
1100001

through

1101111 Reserved for audio visual services (Recomm.
F.700 series)

1111111 Reserved

All other values are reserved.

Note 1: This is applicable to both terminal to videotex functions and videotex
function communications (where a videotex function is either a videotex access point
or a videotex data base or server).

Note 2: Further compatibility checking is executed by the OSI high-layer protocol.

4.1.3.2.16 Information Request

The information request information element, shown in Table 4.1.3-29, is used to
request additional information from the terminal and to indicate that the information
has been received.
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Table 4.1.3-29 — Information Request Information Element

8 7 6 5 4 3 2 1
Information request

o 0 1 1 0 0 1 O |Octetl
Information element identifier
0 0 O 0 O0O o o0 1 2
Length of information request contents

1| Info. Type of information 3
Req.
Ind.

e Information Request Indicator (Octet 3, Bit 7):

Bit

7 Meaning

0 Information request completed

1 Prompt for additional information

» Type of Information (Octet 3, Bits 1-6):

Bit
6 54 3 2 1 Meaning
0 000 0 0 undefined
0 0 0 0 0 1 authorization code
0 0 0 01 0 address digits
0 000 1 1 terminal identification
All other values reserved.

4.1.3.2.17 Keypad

235-900-341
October 1999

The keypad information element, shown in Table 4.1.3-30, conveys address

information by means of 1A5 characters.

Table 4.1.3-30 — Keypad Information Element

8 7 6 5 4 3 21
Keypad

0 01 0110 0|Octet 1

Information element identifier

Length of keypad information 2

0 Spare | Keypad information 3, etc.
(IA5 Characters)

Page 4.1.3-32

Issue 6.00



235-900-341

October 1999

NETWORK LAYER—BASIC CALL

» Keypad information (Octet 3): Keypad information is coded as IA5 characters,
which are coded as follows:

Bits
4

Meaning

O OO O OO0 00O O O Ofw
R S N e el e e e

1

All other values are reserved.

4.1.3.2.18 Low-Layer Compatibility

O R R R R RPRPRERERERR|O0

0

P P PO OOO0OOOOoOOo

0

O OO FrRPr FP RFP P OOOOIw

0

P OO FRP PFP OORFR PEFP O OoON

1

O r OFrPr OFr OFr O Fr Ok

1

¥ © 0 N O O & W DN PP O

#

The low-layer compatibility information element, shown in Table 4.1.3-31, provides a
means to the called terminal for compatibility checking. This information is not
interpreted by the network, but is carried transparently and delivered to the called

terminal during call establishment.

The switch ensures that the maximum allowed length of the low-layer compatibility

information element, 16 octets, is not exceeded.

The contents and structure of the low-layer compatibility information element are
shown as follows. The switch does not inspect the contents of the low-layer
compatibility information element; it accepts all codings of the following fields.

Note: The information on coding contained in this section has been replicated from
Section 4.5.18 of ITU-T Recommendation Q.931, as amended by ITU-TS Study Group
X1 Temporary Document 641-E, Proposed Amendments to Q.931. This information is

included here for the convenience of the reader.
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Table 4.1.3-31 — Low-Layer Compatibility Information Element

Bits
8 7 6 5 4 3 2 1
Low-layer compatibility Octet
0 1 1 1 1 1 0 0 1
information element identifier
Length of the low-layer compatibility contents
0/1 ext coding standard | information transfer capability
1 ext. Negot. 0 0 0 0 0 0 3a
indic.
spare
0/1 ext. transfer mode | information transfer rate 4
1 ext rate multiplier 4128
0/1 ext | O Layer 1 ident user information Layer 1 protocol 5
1
0/1 ext synch/ negot. user rate 5aP
async
0/1 intermediate rate NIC onRx [ NIC on Flow Flow 0 Spare 5p¢
ext Rx contrl contrl
0/1 ext | Hdr/ no | multi frame mode LLI Neg. assign In-ban 0 Spare 5pd
Hdr or/ee neg.
0/1 number of stop bits number of data bits parity 5cP
1 ext duplex modem type 5d°
mode
0/1 ext | 1 Layer 0 indent user information Layer 2 protocol 6
2
0/1 ext Mode 0 0 0¢ Q.933 use 6a
Spare
1 ext User-specified Layer 2 protocol information 6al
1 ext Window size (k) 6h®
0/1 ext | 1 Layer 1 ident user information Layer 3 protocol 7
3
0/1 ext Mode 0 0
Spare
1 ext Optional Layer 3 protocol information 7a9
0/1 ext | O Spare 0 0 | Default packet size 709
1 ext packet window size 7¢9
Note(s):

a. This octet is required if Octet 4 indicates multirate (64 kbps base rate). Otherwise, it shall not be
present.

b. This octet may be present if Octet 3 indicates unrestricted digital information and Octet 5 indicates
either of the ITU-TS standardized rate adaptions V.110 and X.30 or V.120. It may also be present if
Octet 3 indicates 3.1 kHz audio and Octet 5 indicates G.711.

¢. This octet may be present only if Octet 5 indicates ITU-TS standardized rate adaption Rec. V.110/X.30.
d. This octet is present only if Octet 5 indicates ITU-TS standardized rate adaption Rec. V.120.

e. This octet may be present only if Octet 6 indicates certain acknowledged mode HDLC elements of
procedure.

f. This octet may be present only if Octet 6 indicates user-specified Layer 2 protocol.

g. This octet may be present only if Octet 7 indicates a Layer 3 protocol based on ITU-TS X.25]ISO/IEC
8208 or ITU-TS Rec. X.223]1SO 8878.

h. This octet may be present only if Octet 7 indicates user-specified Layer 3 protocol.
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* Coding standard (Octet 3)

Bits
7 6 Meaning

0 0 ITU-TS standardized coding, as described
previously

0 1 Reserved for other international standards
(Note)

1 0 National standard (Note)

1 1 Standard defined for the network (either

public or private) present on the network side
of the interface (Note)

Note: These other coding standards are used when the desired low-layer
compatibility cannot be represented with the ITU-TS-standardized coding.

e Information transfer capability (Octet 3)

Bits
5 4 3 2 1 Meaning
0 0 0 0 0 Speech
0 1 0 0 O Unrestricted digital information
0 1 0 0 1 Restricted digital information
1000 0 3.1 kHz audio
1000 1 7kHzaudio
1100 0 Video

All other values are reserved.
» Negotiation indicator (Octet 3a)
Bit
7 Meaning

0 Out-band negotiation not possible
1 Out-band negotiation possible

Annex J of ITU-T Recommendation Q.931 contains a description of low-layer
compatibility negotiation. When Octet 3a is omitted, "out-band negotiation not
possible" is assumed.

e Transfer mode - (Octet 4)

Bits

7 6 Meaning

0 0 Circuit-mode
1 0 Packet-mode

All other values are reserved.
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* Information transfer rate (Octet 4)

Bits

5 4 3 2 1 Circuit mode Packet-mode

000O0O0 - This code is used for packet-mode calls
1000 O 64 kbps -

100 0 1 2x64 kbps -

10011 384 kbps -

1010 1 1536 kbps -

10111 1920 kbps -

11 0 0 0 Multirate (64 kbps base rate) -

All other values are reserved.

The low-layer compatibility is bidirectional symmetric at the information transfer
rate specified in Octet 4. When the information transfer rate 2 x 64 kbps is used,
the coding of Octets 3 and 4 refer to both 64 kbps channels.

* Rate multiplier (Octet 4.1)

This octet is coded as a binary representation of the multiplier to the base rate.
The multiplier can take any value from 2 up to the maximum number of
B-channels available on the interface.

» User information Layer 1 protocol (Octet 5)
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Bits
54321
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Meaning

00001

o
o
o
|
|

o
o
|
|
o

01001

ITU-TS standardized rate adaption
V.110/X.30. This implies the presence of Octet
5a and optionally Octets 5b, 5c, and 5d,
defined as follows.

Recommendation G.711 p-law
Recommendation G.711 A-law

Recommendation G.721 32 kbps ADPCM and
Recommendation 1.460

Recommendation G.722 and G.725 kHz audio
Recommendation H.261 for 384 kbps video

Non-ITU-TS standardized rate adaption. This
implies the presence of Octet 5a and,
optionally, Octets 5b, 5¢ and 5d. The use of
this codepoint indicates that the user rate
specified in Octet 5a is defined by the user.
Additionally, Octet 5b, 5c, and 5d, if present,
are defined consistent with the user specified
rate adaption.

ITU-TS standardized rate adaption V.120
This implies the presence of Octets 5a and
5b, defined as follows, and optionally Octets
5c and 5d.

ITU-TS standardized rate adaption X.31
HDLC flag stuffing.

All other values are reserved.

If the following conditions apply:

* The transfer mode is "circuit-mode"

» The information transfer capability is "unrestricted digital information"” or

"restricted

digital information™

e The user information Layer 1 protocol is not to be identified to the network

Then Octet 5 is omitted. If the transfer mode is packet-mode, Octet 5 can be
omitted. Otherwise, Octet 5 is present.

» Synchronous/asynchronous (Octet 5a)

Bit

7 Meaning

0 Synchronous
1 Asynchronous

Octets 5b-5d

can be omitted in case of synchronous user rates.

e Negotiation (Octet 5a)
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Bit

6 Meaning

0 Inband negotiation not possible
1 Inband negotiation possible

See Recommendation V.110 and X.30.

e User rate (Octet 5a)

Bits
4 3

(¢

2

1

Meaning

o

P PR R RPRRRPRRPRRLRRPLOOOODODOOOODOOOOO
P PP RPRRPRPRPRPLOOOORRREPREPRERRREROOOOOODO
P P PP OO0OO0OORRPRRORRPREPOOOORIERIERIEREOODO
P P OORRFPROORRPROORRORRERLOORREROOLERLEPRERO

00O

o

rFOPOPFPOFRPOPFRPOPFPOPFPOOPFPOFRPORFPOPRFPOPRFP OB

Rate is indicated by E-bits specified in

Recomm. 1.460

0.6 kbps Recomm. V.6 and X.1
1.2 kbps Recomm. V.6

2.4 kbps Recomm. V.6 and X.1
3.6 kbps Recomm. V.6

4.8 kbps Recomm. V.6 and X.1
7.2 kbps Recomm. V.6

8 kbps Recomm. 1.460

9.6 kbps Recomm. V.6 and X.1
14.4 kbps Recomm. V.6

16 kbps Recomm. 1.460

19.2 kbps Recomm. V.6

32 kbps Recomm. 1.460

48 kbps Recomm. V.6 and X.1
56 kbps Recomm. V.6

64 kbps Recomm. X.1

0.1345 kbps Recomm. X.1

0.100 kbps Recomm.
0.075/1.2 kbps Recomm. V.6 and X.1 (Note)
1.2/0.075 kbps Recomm. V.6 and X.1 (Note)
0.050 kbps Recomm.
0.075 kbps Recomm.
0.110 kbps Recomm.
0.150 kbps Recomm.
0.200 kbps Recomm.
0.300 kbps Recomm.

X.1

V.6 and X.1
V.6 and X.1
V.6 and X.1
V.6 and X.1
V.6 and X.1
V.6 and X.1

12 kbps Recomm. V.6

All other values are reserved.

Note:

second rate is the transmit rate in the backward direction of the call.
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The first rate is the transmit rate in the forward direction of the call. The
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» Octet 5b for V.110/X.30 rate adaption
— Intermediate rate (Octet 5b)

Bits

7

6

Meaning

= B O O
= O+ O

Not used
8 kbps
16 kbps
32 kbps

— Network independent clock (NIC) on transmission (Tx) (Octet 5b) (Note)

Bit
5 Meaning
0 Not required to send data with network

independent clock

Required to send data with network
independent clock

Note: Refers to transmission in the forward direction of the call

See Recommendation V.110 and X.30.
— NIC on reception (Rx) (Octet 5b) (Note)

Bit
4 Meaning
0 Cannot accept data with Network

Independent Clock (that is, sender does not
support this optional procedure)
Can accept data with Network Independent

Clock (that is, sender does support this
optional procedure)

Note: Refers to transmission in the forward direction of the call

See Recommendations V.110 and X.30.

— Flow control on transmission (Tx) (Octet 5b) (Note)

Bit

3 Meaning

0 Not required to send data with flow control
mechanism

1 Required to send data with flow control
mechanism

Note: Refers to transmission in the forward direction of the call

See Recommendations V.110 and X.30.
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— Flow control on reception (Rx) (Octet 5b) (Note)

Bit
2 Meaning

0 Cannot accept data with flow control
mechanisms (that is, sender does not support
this optional procedure)

1 Can accept data with flow control mechanism
(that is, does support this optional procedure)

Note: Refers to transmission in the backward direction of the call.
See Recommendations V.110 and X.30.
» Octet 5b for V.120 rate adaption
— Rate adaption header/no header (Octet 5b)
Bit
7 Meaning

0 Rate adaption header not included
1 Rate adaption header included

— Multiple frame establishment support in data link (Octet 5b)

Bit
6 Meaning

0 Multiple frame establishment not supported;
only Ul frames allowed

1 Multiple frame establishment supported

— Mode of operation (Octet 5b)

Bit

5 Meaning

0 Bit transparent mode of operation

1 Protocol sensitive mode of operation

— Logical link identifier negotiation (Octet 5b)

Bit

4  Meaning

0 Default, LLI=256 only

1 Full protocol negotiation (Note)

Note: A connection over which protocol negotiation is executed is indicated in
Bit 2 of Octet 5b.

— Assignor/assignee (Octet 5b)
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Bit

3 Meaning

0 Message originator is "default assignee"
1 Message originator is "assignor only"

— Inband/out-band negotiation (Octet 5b)

Bit
2 Meaning

0 Negotiation is done with USER
INFORMATION messages on a temporary
signaling connection

1 Negotiation is done inband using logical link
zero

* Number of stop bits (Octet 5c¢)

Bits

7 6 Meaning
Not used
1 bit

1.5 bits
2 bits

= O O
= O+ O

* Number of data bits excluding parity bit if present (Octet 5c)

Bits

5 4 Meaning
Not used
5 bits

7 bits

8 bits

= O O
= O +» O

e Parity information (Octet 5c)

Bits

3 2 1 Meaning

0 00 Odd

0 1 0 Even

0 1 1 None

1 0 0 Forced to 0
101 Forcedtol

All other values are reserved.
» Duplex mode (Octet 5d)
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Bit

7 Meaning

October 1999

0 Half duplex
1 Full duplex

* Modem type (Octet 5d)

Bits 6-1 coded according to network-specific rules.

e User information Layer 2 protocol (Octet 6) (Note 1)

Bits
3

Meaning

O O O o olu
R O O O O~
O P O O

O r k= ON
O O O |k

O O 0o oo
e
B Pk O O O
O O r L O

Pk O O
o O B

O
o O B

0

B O R O R

= O+~ O

Basic mode I1SO 1745

ITU-T Recomm. Q.921 (1.441) (Note 4)
ITU-T Recomm. X.25, link layer (Notes 1, 4)
ITU-T Recomm. X.25 Multilink (Note 4)

Extended LAPB; for half duplex operation
(T.71)

HDLC ARM (ISO 4335) (Note 4)
HDLC NRM (ISO 4335) (Note 4)
HDLC ABM (I1SO 4335) (Note 4)
LAN logical control (ISO 8802/2)

ITU-T Recomm. X.75 Single Link Procedure
(SLP) (Note 4)

ITU-T Recomm. Q.922 (Note 4)

Core aspects of ITU-T Recom. Q.922

User specified (Note 2)

ISO 7776 DTE-DTE operation (Notes 3, 4)

All other values are reserved.

Note 1:
Note 2:

This Recommendation is compatible with 1SO 7776 DTE-DCE operation.

When this coding is included, Octet 6a will include user coding for the

user specified Layer 2 protocol.

Note 3: This standard is compatible with Recommendation X.75 modified by the
application rules defined in Recommendation T.90.

Note 4: When this coding is included, Octets 6a and 6b with ITU-TS encoding
may be included.

e User information Layer 3 protocol (Octet 7)
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Bits
5 4 3 2 1 Meaning
00010 ITU-T Recomm. Q.931 (1.451)
0 0110 ITU-T Recomm. X.25, packet layer (Note 2)
0 01 1 1 ISO 8208 (X.25 packet level protocol for data

terminal equipment) (Note 2)

01 0 0 0 ITU-TS Recommendation X.223/ISO 8878
(use of ISO/IEC 8208 and ITU-TS
Recommendation X.25 to provide the
OSI-CONS) (Note 2)

01 0 0 1 ISO 8473 (OSI connectionless service)

ITU-T Recomm. T.70 minimum network layer

01011 ISO/IEC TR 9577 (Protocol identification in
the network layer)

1 0 0 0 0 User specified (Note 1)

o
=
o
=
o

All other values are reserved.

Note 1: When this coding is included, Octet 7a will include user coding for the
user-specified Layer 3 protocol.

Note 2: When this coding is included, Octets 7a, 7b, and 7c with ITU-TS
encoding may be included.

Mode of operation (Octet 7a)

Bits

7 6 Meaning

0 1 Normal packet sequence numbering
1 0 Extended packet sequence numbering

All other values are reserved.

User-specified Layer 3 protocol information (Octet 7a)

The use and coding of Octet 7a depends on user defined requirements.
Default packet size (Octet 7b)

Issue 6.00 Page 4.1.3-43



NETWORK LAYER—BASIC CALL 235-900-341
October 1999

Bits

Meaning

Default packet size 16 octets
Default packet size 32 octets
Default packet size 64 octets
Default packet size 128 octets
Default packet size 256 octets
Default packet size 512 octets
Default packet size 1024 octets
Default packet size 2048 octets
Default packet size 4096 octets

P PR PR OOOOoO|M
P OO0 O0OO0OR R PR P|W
R B, OO R RO O|N

o
O P OFPr OFP OFr OfF

All other values are reserved.
» Packet window size (Octet 7c)
Bits 7-1 binary coding of packet window size value in the range from 1 to 127.

4.1.3.2.19 Notification Indicator

The notification indicator information element, shown in Table 4.1.3-32, is used to
indicate information pertaining to a call or service. The notification indicator IE can
be repeated in a message if multiple notifications are to be provided.

Table 4.1.3-32 — Notification Indicator Information Element

8 7 6 5 4 3 2 1
Notification indicator

0 |0 12 0 0 1 1 1 |Octetl
Information element identifier
Length of notification indicator contents 2
1 Ext. | Notification Description 3

* Notification Description (Octet 3):
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Bits
7654321 Meaning

Network-specific notification descriptions

111010 0 Service profile update
111010 1 Userbridged onto call
1110110 ACB monitoring discontinued
1110111 Callonhold

11110 0 0 Monitored user idle
11110 0 1 Remote-hold (F)
1111010 Remote-hold-released (F)
1111011 cCallisforwarded
111110 0 Privacy enabled
111110 1 Privacy disabled
1111110 cCallretrieved from hold
All other values reserved.

4.1.3.2.20 Progress Indicator

NETWORK LAYER—BASIC CALL

The progress indicator information element, shown in Table 4.1.3-33, describes an

event that has occurred during the life of a call.

Table 4.1.3-33 — Progress Indicator Information Element

8 7 6 5 4 3 2 1

Progress Indicator
0 0 0 1 1 1 1 0 |Octetl
Information element identifier

0 0 0O 0O 0 0 1 o 2
Length of progress indicator
1 Ext| Coding 0 General 3
Standard Location
1 Progress Description 4

* Coding Standard (Octet 3):

Bits

7 6 Meaning

0 0 ITU-TS standard

1 0 National standard

1 1 Network-specific standard

» General Location (Octet 3):
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Bits
4 3 2 1 Meaning
00 0 0 User
0 0 0 1 Private network serving local user
0 0 1 O Public network serving local user
0 0 1 1 Transit network (Note 1)
0 1 0 O Public network serving remote user
0 1 0 1 Private network serving remote user
0 1 1 1 International network (Note 2)
1 0 1 0 Network beyond interworking point

All other values are reserved.

Note 1:
Note 2:

The "transit network" codepoint applies to the national coding standard.

The "international network" codepoint applies to the network-specific

coding standard.

e Progress Descriptor Values (Octet 4):

Bits Ind.

7654321 No. Meaning

0000001 1 callisnotend-to-end ISDN; further call

progress information may be available inband

0000010 2 Destination address is non-ISDN
0000011 3 Origination address is non-ISDN
0001000 8 Inbandinformation or appropriate pattern

now available

0001010 10 Delay in response at destination interface

(Note)

Note: Progress Descriptor 10 applies under the national coding standard.

4.1.3.2.21 Redirecting Number

The redirecting number information element, shown in Table 4.1.3-34, is used to
provide the number of the party that redirected the call.
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Table 4.1.3-34 — Redirecting Number Information Element

8 7 6 5 4 3 2 1
Redirecting number
0 1 1 1 0 1 0 0 |Octet 1
Information element identifier
Length of redirecting number information 2
0 Ext Type of number and 3
numbering plan identification
0 Ext Origin of number and 3a
presentation status
1Ext | O 0 0 Reason for 3b
redirection
Spare
0 Spare Digits 4, etc.?
(IA5 Characters)
Note(s):

a. These octets may be omitted in some cases.

* Type of number and numbering plan (Octet 3):

Bits

7 6 5 4 3 2 1 Meaning

0 O 0 0 O O O wunknown

0O O 1 0 0 0 1 vreserved forinternational number in ISDN
numbering plan (Rec. E.164)

0 O 1 0 0 1 1 vreserved forinternational number in data
numbering plan (Rec. X.121)

0O 1 0 0 O 0 1 national number in ISDN numbering plan (Rec.
E.164)

1 1 0 1 0 0 1 abbreviated number in private numbering plan

All other values are reserved.

e Origin of number and presentation status (Octet 3a):

7654321

Bits

Meaning

0000011

0100011

1000011

Presentation allowed of network-provided
number

Presentation prohibited of network-provided
number

Number not available

All other values are reserved.

e Reason for redirection (Octet 3b):
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Bits
4 3 2 1 Meaning
0 0 0 0 Unknown
0 0 0 1 Call forwarding busy
0 0 1 0 Call forwarding no reply
1 0 0 1 Call forwarding DTE out of order
1 0 1 0 Call forwarding by the called equipment
11 1 1 Call forwarding unconditional

All other values are reserved.

» Digits of the base directory number: (Octets 4, etc.):

Digits are represented by IA5 characters whose encoding is shown:

Bits
7 6 54 3 2 1 Meaning
01100000
01100011
01100102
01100113
0110100414
01101015
01101106
01101117
01110008
01110019

All other values are reserved.

A. Codings at the Originating Interface

The redirecting number IE is not included in any message at the originating

interface.

B. Codings at the Destination Interface

The redirecting number IE is included in the SETUP message and may be
repeated. The first redirecting number IE is the original user, and the second
redirecting number IE is the most recent forwarding user.

4.1.3.2.22 Redirection Number

The Redirection Number information element, shown in Table 4.1.3-35, identifies the
directory number to which calls are to be redirected by an activated Call Forwarding
feature (for example, the remote directory number).

Page 4.1.3-48

Issue 6.00



235-900-341 NETWORK LAYER—BASIC CALL
October 1999

Table 4.1.3-35 — Redirection Number Information Element

8 7 6 5 4 3 2 1
Redirection Number

0O |1 1 1 0 1 1 0 |Octet1
information element identifier

Length 2
1 Type of number and 3
numbering plan identification
0 Spare Digits (IA5 Characters) 4, etc.

e The "Type of number and numbering plan identification" (Octet 3):

Bits Meaning
7654321
10000 0 1|Local (directory) number in ISDN numbering
plan
010 0 0 0 1|National number in ISDN numbering plan

01110 0 1|Network specific number in private
numbering plan

11010 0 1|Abbreviated number in private numbering
plan

For the NI-3 Call Forwarding Over Private Facilities feature, the network specific
number in private numbering plan is supported since this coding is used with private
numbering plan digits that are used with private facility access (PFA)/automatic route
selection (ARS), which is supported for CFPF remote DNs in NI-3.

The abbreviated number in private numbering plan, is often used to encode intercom
(that is, individualized dialing plan dialing strings). In order to meet the 6-13
Redirection Number IE length specifications, it can be used only as long as that
number is at least three digits long. If the abbreviated private numbering plan digit
string (such as the speed call digit) is less than three digits long, it will be expanded
to seven to 10 digits.

The numbering plan indicators, local number in ISDN numbering plan or national
number in ISDN numbering plan, will be used only when no private information is
provided. Prefix digits, such as "0", "1", or "escape to POTS" code ("*9") will not be
included in the Redirection Number IE.

Since the 5ESS® switch will also permit international direct distance dialing (IDDD)
numbers as forward-to DNs, IDDD numbers will be encoded to fit the national number
format, that is, only the last 10 digits of the IDDD digit string will be encoded in the
Redirection Number IE. All additional digits will be truncated off to make the number
fit the national number format and the maximum length of 13 octets (that is, 10
digits) for the Redirection Number IE.

The "Digits" of the base directory number values in Octet 4, etc. of the Redirection
Number IE must be coded as follows:

Issue 6.00 Page 4.1.3-49



NETWORK LAYER—BASIC CALL 235-900-341
October 1999

Bits Meaning
7654321
0110000 0
0110000 1
0110010 2
0110011 3
0110100 4
0110101 5
0110110 6
0110111 7
0111000 8
0111001 9

4.1.3.2.23 Service Profile Identification

The service profile identification information element, shown in Table 4.1.3-36, is used
to identify a user service order profile (USOP).

Table 4.1.3-36 — Service Profile Identification Information Element

8 7 6 5 4 3 2 1
Service profile identification
0 0 1 1 1 0 1 0 Octet 1
Information element identifier
Length of service profile identification contents 2
0 Spare Profile IDentifier (SPID) 3, etc.
Spare (IA5 Characters)

» Service Profile Identifier:
The SPID parameter is coded as IA5 characters.

4.1.3.2.24 Signal

The signal information element, shown in Table 4.1.3-37, conveys indications that
allow the receiving terminal to generate tones and alerting signals.
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Table 4.1.3-37 — Signal Information Element

8 7 6 5 4 3 2 1
Signal
0 0 1 1 0 1 0 0 Octet 1
Information element identifier
0 0 0 0 0 0 0 1
Length of signal information 2
Signal value 3

e Signal value (Octet 3):

Bits
87654321 Meaning
00O0O0OOO0 0 Dial tone on
0 00000 0 1 Ringback/audible ringing tone on
0 00O0O0O0 11 Network congestion/reorder tone on
0000010 0 Busytoneon
0000010 1 Confirmation tone
00000111 Callwaiting tone
00111111 Tones off
010000 0 0 Alerting on - pattern 0, normal alerting
0100000 1 Alerting on - Pattern 1, distinctive

alerting-intergroup
010000 10 Alerting on - Pattern 2, distinctive
alerting-special/priority
01000011 Alerting on - Pattern 3, EKTS intercom
0100010 0 Alerting on - Pattern 4, reminder ring
01001111 Alerting off

Network-specific signal value

0001000 1 Recalldial tone on
00010010 Barge-in tone

11111010 Incoming additional call tone
11111011 Priority additional call tone
1111110 1 Expensive route warning tone (F)
All other values are reserved.

4.1.3.2.25 Transit Network Selection

The transit network selection information element, shown in Table 4.1.3-38, identifies
a requested transit network.
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8 7 6 5 4 3 2 1
Transit Network Selection
0 1 1 1 1 0 0 0 Octet 1
Information element identifier
Length of transit network identification 2
1 Ext. Type of network Network identification plan 3
identification

0 Network identification 4, etc.

Spare (IA5 Characters)

e Type of network identification (Octet 3):

Bits
7 6 5 Meaning

0 0 0 User-specified (private) identification
0 1 0 Nationally-standardized identification
All other values are reserved.

Network identification plan (Octet 3):

Bits
4 3 2 1 Meaning

0 0 0 0 Unknown

0 0 0 1 Inter-LATA carrier identification code
0 0 1 0 User-specified identification code

All other values are reserved.

Network identification (Octets 4, etc.):

These IA5 characters are organized according to the rules of the network
identification plan specified in Octet 3. The identification of interexchange carrier

(IC) networks is made with the 4-digit code assigned to ICs.

User-specified identification codes are used for selection among the private leased

circuits (or groups of leased circuits) available to a given user. A priv

ate leased

circuit is a public network-provided circuit to which access is restricted to a given
user or groups of users. The correspondence between user-specified identification
codes and private leased circuits (or groups of circuits) is agreed between the user

(or groups of users) and the network.

A. Codings at the Originating Interface

The transit network selection can be included in the SETUP message.

Codings at the Destination Interface

The transit network selection IE is not included in any message at the

destination interface.
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4.1.3.3 National-Specific Information Elements (Codeset 5)
4.1.3.3.1 Display Text

The display text information element, shown in Table 4.1.3-39, is used to supply
switch-formatted display information that may be displayed by a terminal for a
human user. Display text IE is optional in all network to user messages, but to receive
display information it is mandatory to include the display text IE.

The maximum length of the display text IE is dependent on the maximum length of
an INFOrmation message. If the display text IE does not fit in the appropriate
message due to message length constraints, the entire display text IE is sent in a
subsequent INFOrmation message.

Table 4.1.3-39 — Display Text Information Element

8 7 6 5 4 3 2 1
Display text

0| O 1 0 1 0 1 0 |Octet 1
Information element identifier

Length of display text information element 2
1 | Display type 3
Display Information 4, etc.

e Display type (Octet 3, Bits 1-7):

Bits
7 6 54 3 2 1 Meaning
0 00O0O0O0 0 Normal
All other values are reserved.

The display text information element for Display Type 0 (Normal) is not repeated
in a message.

» Display information:

One or more fields of display information may be included depending on specific
service requirements.

The display information is broken into fields of tag, length, and text as shown in
Table 4.1.3-40

Table 4.1.3-40 — Display Information (Relative Order of Octets 4, etc.)

DISPLAY FIELD |MANDATORY INDICATION
INFORMATION FOR DISPLAY FIELD

DisplayN tag Optional
DisplayN length
DisplayN text
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» Display tag:

A. Mandatory control tags:

Bits
87 6 54 32 1 Meaning
1000000 0 Blank
10000001 Skip

The following list contains definitions for each of the mandatory control
tags listed in the preceding display.

1. Blank: This tag always has a 1-octet length and a binary value from 1
to 255 that tells the terminal how many successive blank characters
to append to any previous text.

2. Skip: This tag always has a 1-octet length and a binary value from 1
to 255 that tells the terminal how many ASCII characters to skip over
before operating on the next display tag.

B. Display tag bit value:
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Bits
87654321 Meaning
10000000 Blank?®
10000001 Skip?
10000010 Continuation
10000011 Called address?
10000100 Cause
10000101 Progress indicator
10000110 Notification indicator
10000111 Prompt
10001000 Accumulated digits
10001001 Status
10001010 Inband
10001011 Calling address®
10001100 Reason?
10001101 Calling party name
10001110 Called party name
10001111 Original called name
10010000 Redirecting name
10010001 Connected name
10010010 Originating restrictions
10010011 Date & time of day?®
10010100 Call appearance 1D?
10010101 Feature address
10010110 Redirection name
10011110 Text?

All other values are reserved.

Note(s):

a. Tags that will be supported by the switch for NI-1.

The following list contains definitions for each of the display text tags
listed under display tag bit value.

1. This tag indicates ASCII text that is associated with the previously
tagged information (other than blank or skip).

2. Called address: This tag indicates ASCII text regarding the called

number.

3. Cause: This tag indicates ASCII text related to the corresponding

cause value.

4. Progress indicator: This tag indicates ASCII text related to the
contents of the corresponding progress indicator IE.
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Notification indicator: This tag indicates ASCII text related to the
contents of the corresponding notification indicator information
element.

Prompt: This tag indicates ASCII text to request the user to input
additional information, for example, digits.

Accumulated digits: This tag indicates ASCII text describing digits
input by the user.

Status: This tag indicates ASCII information describing a feature
condition, for example, feature is active or feature has been
deactivated.

Inband: This tag indicates ASCII information indicating that tones or
other information are being provided inband.

Calling address: This tag indicates ASCII text related to the contents
of the calling party number IE.

Reason: This display text tag indicates ASCII text that is associated
with the redirecting reason in the redirecting number IE.

Call appearance ID: This display text tag indicates ASCII text (an
alphabetical character followed by an equal sign) that is associated
with a call appearance.

Feature address: This tag indicates ASCII information describing an
address associated with a feature.

C. Display length: Bit 8 is set to zero and the remaining seven bits are a
binary encoding of the length of the display text, with Bit 1= the least
significant bit.

D. Display text: The display text (except for blank and skip information) is
coded in ASCII characters whose encoding is shown. Blank and skip
information are in binary form.
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0100000
0100001
0100010
0100011
0100100
0100101
0100110
0100111
0101000
0101001
0101010
0101011
0101100
0101101
0101110
0101111
0110000
0110001
0110010
0110011
0110100
0110101
0110110
0110111
0111000
0111001
0111010
0111011
0111100
0111101
0111110
0111111

Space
!
#
$
%
&

¥ ~ ~

© 0o ~NOoO o~ WNPEFE O~ - +

NV

1000000
1000001
1000010
1000011
1000100
1000101
1000110
1000111
1001000
1001001
1001010
1001011
1001100
1001101
1001110
1001111
1010000
1010001
1010010
1010011
1010100
1010101
1010110
1010111
1011000
1011001
1011010
1011011
1011100
1011101
1011110
1011111

4.1.3.3.2 Operator System Access
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1100000
1100001
1100010
1100011
1100100
0011101
1100110
1100111
1101000
1101001
1101010
1101011
1101100
1101101
1101110
1101111
1110000
1110001
1110010
1110011
1110100
1110101
1110110
1110111
1111000
1111001
1111010
1111011
1111100
1111101
1111110
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The operator system access information element, shown in Table 4.1.3-41, is used to

request access to an operator services system.
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Table 4.1.3-41 — Operator System Access Information Element

8 7 6 5 4 3 2 1
Operator system access
0O |0 0 1 1 1 0 1 |Octet1
Information element identifier
0 O 0 0 0 O O 1 2
Length of operator system access

1 Ext.| Type of service Type of 3
access

0O 0 0 0o O

» Type of service (Octet 3):

Bits
5 4 3 2 1 Meaning
0 0 0 0O O Unspecified
All other values are reserved.

e Type of access (Octet 3):

Bits
2 1 Meaning
0 O Public/principal: default operator system

0 1 Public/alternate: operator system determined
by user subscription

All other values are reserved.

A. Codings at the Originating Interface
The operator system access IE can be included in the SETUP message.
B. Codings at the Destination Interface

The operator system access IE is not included in any message at the destination
interface.

4.1.3.4 Network-Specific Information Elements (Codeset 6)
4.1.3.4.1 Call Appearance
The call appearance information element is shown in Table 4.1.3-42.
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Table 4.1.3-42 — Call Appearance Information Element

8 7 6 5 4 3 2 1
Call appearance

O 1 1 1 1 0 1 1 |Octet 1

Information element identifier

Length of call appearance information 2

0/1 Ext. | Call appearance identifier 3

1 Ext. | Call appearance identifier 3a
continuation, if needed

e Call appearance identifier:

The call appearance identifier is coded as the binary coding of a decimal number
in the range from O to 16,383. The values of 0 to 127 are coded in one octet, and
the values 128 to 16,383 are coded in two octets.

4.1.3.5 Information Elements Used in Non-Call-Associated Signaling for Common
Element Procedures and Components

This section contains the additional Information Elements (IEs) used to support the

ATS feature that are not contained in previous sections. This section also contains the

components (also called Protocol Data Units - PDUSs) within the EFIEs for the ATS

feature.

4.1.3.5.1 Extended Facility

The extended facility information element, as shown in Table 4.1.3-43, is used for data
transport in both terminal-to-switch and switch-to-terminal directions. The short or
long form of length encoding may be used as appropriate, see "Length," Section
4.1.3.55.7.

Table 4.1.3-43 — Extended Facility Information Element

8 7 6 5 4 3 2 1

Extended Facility IE ID
000 01 1 0 1 |Octetl
0/1 | Length of Ext. Fac. IE 2
continuation of length of IE 2a
1|0 O [service discrim. 3

ext.|spare{1 0 O 1 O
PDU component 4, etc

e Service Discriminator (Protocol Profile) (Octet 3)

Bits
54321 Meaning
10010 CMIP protocol
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e Component - PDU (Octet 4)
The component is coded as defined in "Components,” Section 4.1.3.5.4.

4.1.35.2 Facility

This section contains the additional Information Elements (IEs) used to support the
ATS feature that are not contained in previous sections. See Table 4.1.3-44. The IE is
used to carry a single component in both terminal-to-switch and switch-to-terminal
directions.

Table 4.1.3-44 — Facility Information Element

8 7 6 5 4 3 2 1
Facility IE ID
0 0 0 1 1 1 0 0 Octet 1
Length of Facility IE 2
1 0 0 service discrim. 3
ext spare 1 0 0 0 1
PDU component 4, etc

* Length (Octet 2)

Octet 2 must be a binary encoding of the length with Bit 1 as the least significant
bit. The length is the number of octets after Octet 2.

» Service Discriminator (Octet 3)

Bits
54321 Meaning
10001 Supplementary services

* Component (Octet 4)
The component is coded as defined in "Components,” Section 4.1.3.5.4.

4.1.3.5.3 Segmented Message

The segmented message information element, shown in Table 4.1.3-45, is included in
only a SEGment message. It identifies the type of message that is segmented.
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Table 4.1.3-45 — Segmented Message Information Element

7 6 5 4 3 2 1

Segmented Message Info Ele ID

0O 0 0O OO 0 O

Length of Seg Msg Contents

0O 0 00O 0O 1 O

number of
segments remaining

8
0
0
first seg ind
0

segmented message type

e First Segment Indicator (Octet 3)

Bit Meaning
8

0 Subsequent segment to first message
1 First segment of segmented message

* Number of Segments Remaining (Octet 3)

Octet 1

Binary number indicating the number of remaining segments within the message

to be sent.

» Segmented Message Type (Octet 4)

Message type of message being segmented (FACILITY).

Note: Bit 8 is reserved for use as an extension bit.

4.1.3.5.4 Components

An operation is specified by encoding a component in an Extended Facility
Information Element (EFIE) or Facility Information Element (FIE). The following four
components, also termed Protocol Data Units (PDUSs), are used to send and receive
ASN.1 encoded data: Invoke, Reject, Return Error and Return Result.

4.1.3.5.4.1 Invoke

This component is used to request an operation, or in some cases to report the success
of or errors in an operation (for example, ATS). The contents of this component are

shown in Table 4.1.3-46.
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Table 4.1.3-46 — Invoke Component Content

DATA ELEMENT VALUE INCLUSION CONDITIONS
Component type Invoke mandatory
Invoke ID any value in permitted mandatory
range
Linked ID value of invoke ID in included if Invoke is a
parent invoke linked invoke
Operation value value defined for mandatory

supplementary service

Argument(s)

defined by the operation

included if defined for the
operation

4.1.3.5.4.2 Reject

This component is used to indicate that a received component was rejected by either
the switch or the CPE. The contents of this component are shown in Table 4.1.3-47.

Table 4.1.3-47 — Reject Component Content

DATA ELEMENT

VALUE

Component type | Reject

mandatory

Invoke ID

value in invoke for this component exchange | mandatory
(note)

Problem value

reason for component rejection

mandatory

Note(s):

a. A null identifier must be used if the invoke identifier cannot be determined.

4.1.3.5.4.3 Return Error

This component is used to indicate that an operation was either unsuccessfully
performed or unable to be performed. The contents of this component are shown in

Table 4.1.3-48.

Table 4.1.3-48 — Return Error Component Content

DATA ELEMENT VALUE INCLUSION CONDITIONS
Component type Return Error mandatory
Invoke ID value in invoke for this mandatory
component exchange
Error value service-specific value mandatory
indicating reason for
failure
Parameter(s) any arguments defined by |included if defined for the
the error error
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This component indicates that an operation was successfully performed. The contents
of this component are shown in Table 4.1.3-49.

Table 4.1.3-49 — Return Result Component Content

DATA ELEMENT

VALUE

INCLUSION CONDITIONS

Component type Return Result mandatory
Invoke ID value in invoke for this mandatory
component exchange
Sequence Sequence included if any results are

returned

Operation value

value of operation value in
the invoke

included if any results are
returned

Results

any arguments defined by
the operation

included if defined for the
operation

4.1.3.5.5 Data Elements

The following data elements are used in the components shown in "Components,"

Section 4.1.3.5.4.
4.1.3.5.5.1 Component Type

The component type data elements are shown in Table 4.1.3-50.

Table 4.1.3-50 — Component Type Data Elements

» Component type:

Bits
87654321 Meaning

87654321

10100001 Invoke

10100010 Return Result
10100011 Return Error

10100100 Reject
All other values reserved.

e Length:

Component type Octet 1
Length 2
Length continued | 3a, 3b, ...

The length indicates the length of the component excluding the component type
and length fields. There are two methods of encoding the length: short form (up to
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and including 127 octets) and long form (greater than 127 octets). "Length,"”
Section 4.1.3.5.5.7, specifies the two formats.

4.1.3.5.5.2 Invoke Identifier
The invoke identifier data elements are shown in Table 4.1.3-51.

Table 4.1.3-51 — Invoke ldentifier Data Elements

8§ 7 6 5 4 3 2 1

Invoke identifier tag Octet 1
o 0O O O o o 1 o
Invoke ID length 2
Invoke Identifier 3
Invoke Identifier continued as needed 4

* Invoke lIdentifier length
The switch supports a length of one or two octets for the Invoke ID.
* Invoke ldentifier

The invoke ID is an integer value that is coded as a 2's complement binary
number in one or two octets. "Invoke ldentifier Administration,” Section 7.1.1.10,
describes invoke ID administration.

4.1.3.5.5.3 Linked Identifier

The linked identifier data elements are shown in Table 4.1.3-52.

Table 4.1.3-52 — Linked Identifier Data Elements

87654321
Linked Identifier tag|Octet 1
10000000

Linked ID length 2
000O0O0O0OO01
Linked lIdentifier 3

» Linked ldentifier length
The Linked ID length for the ATS feature shall be one octet.
* Linked Identifier

The Linked ID is an integer value that shall be encoded as a 2's complement
binary number in 1 octet. "Invoke IDs Used in Components Sent by the Switch,"
Section 7.1.1.10.2, describes linked 1D administration.

4.1.3.5.5.4 Operation Value
The operation value data elements are shown in Table 4.1.3-53.
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Table 4.1.3-53 — Operation Value Data Elements

8 7654321
Operation value octet 1
Operation value length 2
Operation value 3, etc.

e Operation value tag

Bits
87654 3 21 Meaning
000O0O0OO0 O Integer
0 00O0O0O 0 0 Object Identifier

All other values reserved.
* Operation value length

The operation value length shall be coded using the short form length format
described in "Length," Section 4.1.3.5.5.7.

* Operation value

When the Operation value tag is coded as "integer," the Operation value is
encoded as a 2's complement binary number in one octet. Each operation value has
an associated operation class (see "Operation Class," Section 7.1.1.9). The
operation class is not contained in the protocol and is expected to be known to
both the switch and the terminal.

For the case where the Operation Value is an object identifier see "Object
Identifier Value," Section 4.1.3.5.5.8. Operation value must be coded as an object
identifier if the object identifier tag is used.

4.1.3.5.5.5 Error Value
The error value data elements are shown in Table 4.1.3-54.

Table 4.1.3-54 — Error Value Data Elements

87654321
Error value tag |octet 1
Error value length 2
Error value 3, etc.

e Error value tag
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Bits
87654321 Meaning

00000010 Integer
00000110 Object identifier

Error value length

The Error value length shall be coded using the short form length format
described in "Length," Section 4.1.3.5.5.7.

Error value

The error value shall be encoded as a 2's complement binary number in the fewest
number of octets if the integer tag is used. The error value must be encoded as an
object identifier if the object identifier tag is used.

Refer to "Object Identifier Value," Section 4.1.3.5.5.8, for "Object Identifier Value"
format.

4.1.3.5.5.6 Problem Value
The problem value data elements are shown in Table 4.1.3-55.

Table 4.1.3-55 — Problem Value Data Elements

8 7654321
Problem value tag |Octet 1
Problem value length 2
Problem value 3

Problem value tag

The Problem value tag indicates whether the detected problem is general in
nature or is specific to a particular component. For each problem tag classification,
problem values are defined. For example, General problem values are defined for
use with the General problem tag.

Bits

87654321 Meaning

10000000 General problem tag
10000001 Invoke problem tag
10000010 Return Result problem tag
10000011 Return Error problem tag

All other values reserved.
Problem value length

The problem value length shall be coded using the short form length format
described in "Length,” Section 4.1.3.5.5.7. The length of the problem value is one
octet.
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* Problem value

— General Problem

Bits

87654321 Meaning

00000000 Unrecognized component
00000001 Mistyped component
00000010 Badly structured component

All other values reserved.

— Invoke Problem

Bits

87654321 Meaning

00000000 Duplicate invocation
00000001 Unrecognized operation
00000010 Mistyped argument
00000011 Resource limitation
00000101 Unrecognized linked identifier
00000110 Linked response unexpected
00000111 Unexpected child operation

All other values reserved.

— Return Result Problem

Bits

87654321 Meaning

00000000 Unrecognized invocation
00000010 Mistyped result

All other values reserved.

— Return Error Problem

Octet 1

87654321 Meaning

00000000 Unrecognized invocation
00000010 Unrecognized error
00000011 Unexpected error
00000100 Mistyped parameter

All other values reserved.
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4.1.3.5.5.7 Length

The length element is used by Q.931 to specify the number of octets that follow in a
data element. The intent is to encode the length using the fewest number of length
octets possible. The exception to this rule is that the 3-octet length form may be used
for ASN.1 constructed tags.

4.1.3.5.5.7.1 Short Form (lengths up to and including 127 octets)

The short form of the length is used to encode lengths up to and including 127 octets.
Bit 8 is set to 0, and the remaining seven bits are a binary encoding of the length with
Bit 1 being the least significant bit (see Table 4.1.3-56).

Table 4.1.3-56 — Short Form Length Element

87654321
| 0 | length of contents | Octetl

4.1.3.5.5.7.2 Long Form (lengths greater than 127 octets)

The long form of the length is used to encode lengths greater than 127 octets. Bit 8 is
a flag bit and when set, it indicates that the low-order bits signify the length of the
length (see Table 4.1.3-57).

Table 4.1.3-57 — Long Form Length Element

8 I 6 5 4 3 2 1

flagl length of length Octet 1
(number of length octets
remaining)
length of contents Octet 2
Length of contents? Octet 3
___Note(s):

a. Octet 3 is used if the length is greater than 255 octets

4.1.3.5.5.8 Object Identifier Value

An object identifier is a sequence of non-negative integer values, which are encoded as
subidentifiers. The sequence of integers comes from the ASN.1 encoding of the object.
The first two integer values (X,Y) of the sequence are used to form the first
subidentifier (40*X+Y), and each subsequent integer value is the next subidentifier.
Each subidentifier is coded separately as shown in Table 4.1.3-58, as an unsigned
binary number of one or two octets, and then concatenated to form the object identifier
value.
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Table 4.1.3-58 — Obiject Identifier Value

87 6 5 4 3 2 1
|O| Subidentifier octet 1

87 6 5 4 3 2 1
1 Subidentifier octet 1
0 | Subidentifier continued 2

As an example, consider the ASN.1 sequence {1 3 17 105 2 2 2}, which is an object
identifier used in the NESS service. The first two integer values form the first
subidentifier, 43 (40*1+3). The second subidentifier is 17, the third is 105, and so on.
Therefore, the actual Obje