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This manual incorporates features and functions provided with 9500 MXC software release 4.3.

Copyright ©2008 by Alcatel-Lucent

All rights reserved. No part of this publication may be reproduced, transmitted, transcribed, stored in a retrieval
system, or translated into any language or computer language, in any form or by any means, electronic, magnetic,
optical, chemical, manual or otherwise, without the prior written permission of Alcatel-Lucent or its licensor.

Warranty
Any warranty must be referred exclusively to the terms of the contact of sale of the equipment this manual refers to.

Alcatel-Lucent makes no warranty of any kind with regards to this manual, and specifically disclaims the implied
warranties of merchantability and fitness for a particular purpose. Alcatel-Lucent will not be liable for errors contained
herein or for damages, whether direct, indirect, consequential, incidental, or special, in connection with the furnishing,
performance, or use of this material.

The product specification and/or performance levels contained in this manual are for information purposes only and
are subject to change without notice. They do not represent any obligation on the part of Alcatel-Lucent.

Safety Recommendations
The safety recommendations below must be considered to avoid injuries on persons and/or damage to the equipment:
1) Service Personnel

Installation and service must be carried out by authorized persons that have the technical training and experience
necessary to make them aware of hazardous operations during installation and service, and of measures to avoid any
danger to themselves, to any other persons, and to the equipment.

2) Access to the Equipment

Access to equipment in use must be restricted to service personnel only.

3) Safety Norms

Recommended safety norms are indicated in this manual. Refer to Volume I.

Local safety regulations must be used if mandatory. Safety instructions in Volume I should be used in addition to the
local safety regulations. In the case of conflict between safety instructions stated in this manual and those indicated in
local regulations, mandatory local norms will prevail. Should not local regulations be mandatory, then safety norms in
this manual will prevail.

4) Service Personnel Skill

Service Personnel must have received adequate technical training on telecommunications and in particular on the
equipment this manual refers to.

Trademarks
All trademarks are the property of their respective owners.



Contact Information

For Customer Service, contact:

Europe North America North America
Alcatel-Lucent Customer Service Alcatel-Lucent Customer Service WTD (Wireless Transmission Division)
Center Center CTAC Engineers
Rue Albert Schweitzer, 1 Plano Texas
lkirch (For 9500 MXC issues you may USA
France contact the WTD directly)
Tel. +33 390679722 Tel: 888-252-2832 or 613-784-6100 Fax: 972-477-7240
Fax: 613-784-8905
alcare.europe@alcatel.com wstc.repair@alcatel.com ml-tac.support@alcatel.com

For other regions/countries, please refer to your service contract.

For service returns, please address units to:

USA Canada
Alcatel-Lucent Repair and Return Alcatel-Lucent Repair and Return
1227 West Marshall 349 Terry Fox Drive
Longview, TX 75604 Kanata, Ontario K2K 2V6
Canada
RA#:
RA#:

Product Compliance Notes:

This equipment has been tested for and meets EMC Directive 89/336/EEC. The equipment was tested using screened
cabling. If any other type of cable is used, it may violate compliance.

9500 MXC is a Class A product. In a domestic environment this product may cause radio interference in which case

the user may be required to take adequate measures. This equipment is intended to be used exclusively in
telecommunications centers.

FCC Compliance

This equipment has been tested and found to comply with the limits for a Class A digital device, pursuant to part 15 of
the FCC rules. These limits are designed to provide reasonable protection against harmful interference when the
equipment is operated in a commercial environment. This equipment generates, uses and can radiate radio frequency
energy and, if not installed and used in accordance with the instruction manual, may cause harmful interference to
radio communications. Operation of this equipment in a residential area is likely to cause harmful interference in
which case the user will be required to correct the interference at his own expense.



WEEE Directive
In accordance with the WEEE Directive (2002/96/EC), 9500 MXC is marked with the following symbol:

This symbol indicates that this equipment should be collected separately for the purposes of recovery and/or recycling.
For information about collection and recycling of Alcatel-Lucent equipment, please contact your local Alcatel-Lucent
sales office. If you purchased your product via a distributor, please contact the distributor for information regarding
collection and recovery/recycling.

(WEEE is the acronym is for Waste Electrical and Electronic Equipment)

RoHS Directive

The RoHs (Restriction of Hazardous Substances) Directive (2002/95/EC) was implemented on 1 July, 2006. 9500
MXC meets the requirements of this directive, as at the implementation date.

RoHS Compliance: China

Marking Styles for Names and Contents of Toxic or Hazardous Substances of
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DECLARATION OF CONFORMITY

We,

ALCATEL-LUCENT ITALIAS.P.A.
Piazza della Repubblica, 25
20124 MILANO

Italy

Following the provisions of the:

DIRECTIVE 1999/ 5/ EC of 9 March 1999
Radio and Te i Terminal E

i (Annex IV)

declare, under our sole responsibility that the

9500 MXC L6, U8, 7, 8, 10.5, 11, 13, 15, 18, 23, 26, 28, 38 GHz
4-16-32-64-128 QAM
Radio-Link used in L6, U6, 7, 8, 10.5, 11, 13, 15, 18, 23, 26, 28, 38 GHz band
Interfaces: 2 + 75E1; 1 + 8E3; 1 + 4 10/100/1000 BT; 1000 B-X; 1 + 2xSTM-1 electrical or optical
provided that it is installed, maintained and used in the application
e T (S

which it is made, with respect of the
p i relevant i and instructions™:

8

This declaration is based on the “CE” EC-R&TTE CERTIFICATE ( Regisiration N° A103682V, A103683V,
A103684V, A103686V, A103697V, A103698V, A103T01V, A103702V, A103T03V, A103704V, A103705V,
A103706V, A103707V) issued by the Notified Body EMCC DR. RASEK (Identification number 0678).

»  Safety requirements: EN 60950-1:2001
EN 50385:2002
+  EMC requirements: EN 301 489-1 V141 (08/2002)
EN3014894 V131 (08/2002)
«  Spectrum requirements: EN302217-22 V113 (12/2004)

Vimercate, 11 May 2007
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About

Welcome to 9500 MXC

The 9500 MXC Microwave Radio System comprises the Node and the Terminal. Both
are split-architecture radios with an antenna-mounted outdoor unit and a
rack-mounted indoor unit.

The 9500 MXC Node supports multiple point-to-point radios for PDH, SDH and/or
Ethernet on a single rack-mounted platform, to form a complete network node for star
or ring configurations on frequency bands 5 to 38 GHz.

The 9500 MXC Terminal is optimized for single-link installations or where
back-to-back network connection of terminals is preferred. Terminals may also be used
to spur from a 9500 MXC Node. Different versions are available for PDH, SDH or
Ethernet, on frequency bands 5 to 38 GHz.

About the 9500 MXC Manual

This manual provides information on installing, commissioning and troubleshooting a
9500 MXC microwave Radio system. Technical descriptions are at a module and
system level.

Intended Audience

The information in this manual is for use by trained technicians or engineers. It does
not provide information or instruction on basic technical procedures. Alcatel-Lucent
recommends you read the relevant sections of this manual thoroughly before beginning
any installation or operational procedures on the 9500 MXC.

Organization

This manual is divided into six volumes:

Health and Safety Requirements

e System Description

Installation

< Configuration and Diagnostics

e Commissioning and Troubleshooting
< Appendices

What You Need To Know

To install and commission a 9500 MXC, we recommend you have the following
knowledge and skills:

< A basic understanding of the principles of microwave transmission.
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« Installation and maintenance experience on PDH and SDH digital microwave radio
systems.

e Familiarity with Ethernet and/or SDH multiplexing where these traffic options are
to be employed on the 9500 MXC.

« Familiarity with the operation of a PC using the Windows operating system.

Conventions and Terminology
Graphical Cues

The following icons function as graphical cues used to characterize particular types of
associated supporting information:

A warning icon denotes danger to life and/or limb.

VAN

A caution icon denotes important information pertaining to
damage to equipment, loss of data, or corruption of files.

A note icon denotes additional information you may require to complete
the procedure or understand the function.
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9500 MXC Health and Safety Requirements






Chapter 1. Health and Safety

This volume includes the following health and safety information:

e General Health and Safety

e Operator Health and Safety

e General Hazards

All personnel must comply with the relevant health and safety practices when working
on or around the 9500 MXC radio equipment.

The 9500 MXC has been designed to meet relevant US and European health and safety
standards as outlined in IEC Publication 60950-1.

Local safety regulations must be used if mandatory. Safety instructions in this Volume
should be used in addition to the local safety regulations. In the case of conflict between
safety instructions stated herein and those indicated in local regulations, mandatory

local norms will prevail. Should not local regulations be mandatory, then safety norms
herein will prevail.

General Health and Safety

The following table describes general health and safety information about the 9500
MXC radio.

Topic

Information

Flammability
Hazardous
Materials
Hazardous Voltage

Safety Signs

Surface
Temperatures

The equipment is designed and constructed to minimize the risk of
smoke and fumes during a fire.

No hazardous materials are used in the construction of the equipment.

The 9500 MXC system meets global product safety requirements for
safety extra-low voltage (SELV) rated equipment where the input
voltage must be 48 V nominal, 60 V maximum.

External warning signs or other indicators on the equipment are not
required.

The external equipment surfaces do become warm during operation
due to heat dissipation. However, the temperatures reached are not
considered hazardous.

3DB 23063 AEAA - Rev 005 June 2008 Vol.
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Chapter 1. Health and Safety

Operator Health and Safety

The following table describes the precautions that relate to installing or working on the
9500 MXC radio.

Topic Information
Equipment The equipment has been designed to be free of unnecessary
Protrusions protrusions or sharp surfaces that may catch or otherwise cause

injury during handling. However, always take care when working on
or around the equipment.

Laser and Fiber Optic | 9500 MXC fiber optic transmitters are IEC60825-1 / 21CFR1040-1
Cable Hazards Class | compliant and present no danger to personnel in normal use.
However:

Do not look into active unterminated optical ports or fibers. If visual
inspection is required ensure the equipment is turned off or, if a fiber
cable, disconnect the far end.

Follow the manufacturer's instructions when using an optical test
set. Incorrect calibration or control settings could result in
hazardous levels of radiation.

Protect/cover unconnected optical fiber connectors with dust caps.

Place all optical fiber cuttings in a suitable container for safe
disposal. Bare fibers and fiber scraps can easily penetrate the skin
and eyes.

Lifting Equipment Be careful when hoisting or lifting the ODU or its antenna during
installation or maintenance. The ODU is nominally 10 kg (22 Ib).
However, antennas with their mounting hardware can weigh in
excess of 100 kg (220 Ib) and require specialized lifting equipment
and an operator trained and certified in its use.

Protection from RF The 9500 MXC radio does not generate RF fields intense enough to
Exposure: 9500 MXC | cause RF burns. However, when installing, servicing or inspecting an
antenna always comply with the Protection from RF Exposure
guidelines under General Hazards.

Safety Warnings When a practice or procedure poses implied or potential harm to the
user or to the radio equipment, a warning is included in this manual.
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General Hazards

The following table describes the general hazards that must be addressed when

planning and installing a 9500 MXC system.

Topic

Information

Airflow Requirements

Circuit Overloading

9500 MXC Indoor Unit
Earthing

ESD

Rack installations must be made so the airflow required for
safe and correct operation of 9500 MXC is not compromised.
For the 9500 MXC Node, unobstructed air passage must be
maintained to each side of the indoor unit, which requires a
minimum of 50 mm (2 inches) of side spacing to any rack
panels, cable bundles or similar.

When connecting the 9500 MXC, determine the effect this will
have on the power supply, circuit protection devices, and
supply wiring. Check 9500 MXC power consumption
specifications and the supply capability of the power supply
system. This check of capacity must extend to the dc power
supply and not just to an intermediate connection point.

The 9500 MXC indoor unit earth must be connected directly to
the dc supply system earthing conductor, or to a bonding
jumper from an earthing terminal bar, or bus to which the dc
supply system earthing is connected.

ESD (electrostatic discharge) can damage electronic
components. Even if components remain functional, ESD can
cause latent damage that results in premature failure. Always
wear proper ESD grounding straps when changing or handling
the plug-in cards and avoid hand contact with the PCB
back-plane and top-plane. Connect your ESD grounding strap
to the combined ESD and ground connector on the INU rack
ear. Spare plug-in cards or cards to be returned for service
must be enclosed in an anti-static bag. When removing a card
from the anti-static bag for installation in an INU, or placing a
card in a bag, do so at the INU and only when connected to
the INU via your ESD grounding strap.
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Chapter 1. Health and Safety

Topic Information
Protection from RF When installing, servicing or inspecting an antenna always
Exposure comply with the following:

« Locate the antenna such that it does not infringe the RF
exposure guidelines for general public. Refer to General
Public Compliance Boundary in RF Exposure Guidelines on
page 1-6.

- Stay aware of the potential risk of RF exposure and take
appropriate precautions. Refer to Occupational Compliance
Boundary in RF Exposure Guidelines on page 1-6.

« Do not stand in front of or look into an antenna without first
ensuring the associated transmitter or transmitters are
switched off.

= At a multi-antenna site ask the site owner or operator for
details of other radio services active at the site and for their
requirements/recommendations for protection against
potentially harmful exposure to RF radiation.

« When it is not possible to switch transmitters off at a
multi-antenna site and there is potential for exposure to
harmful levels of RF radiation, wear a protective suit.

< Do not look into the waveguide port of an ODU when the
radio is active.

Fiber Optic Cables Handle optical fibers with care. Keep them in a safe and secure
location during installation.

Do not attempt to bend them beyond their minimum bend
radius.

Protect/cover unconnected optical fiber connectors with dust
caps.

Ground Connections Reliable grounding of the 9500 MXC system must be
maintained. Refer to instructions in the manual for grounding
of the ODU, ODU cable, lightning surge suppressor, and indoor

unit.
Lightning Surge All 9500 MXC ODU cables must be fitted with the specified
Suppressor surge suppressor(s).
Mains Power Supply 9500 MXC dc power, IF, tributary, auxiliary and NMS cables
Routing are not to be routed with any AC mains power lines. They are

also to be kept away from any power lines which cross them.

Maximum Ambient The maximum ambient temperature (Tmra) for a 9500 MXC
Temperature indoor unit is

+45° C (113° F), and +55° C (131° F) for an ODU. To ensure
correct operation and to maximize long term component
reliability, ambient temperatures must not be exceeded.
Operational specification compliance is not guaranteed for
higher ambients.
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Information

Mechanical Loading

Power Supply Connection

Power Supply Disconnect

Rack Mount Temperature
Considerations

Restricted Access

When installing an indoor unit in a rack, ensure the rack is
securely anchored. Ensure that the additional loading of a
9500 MXC indoor unit or units will not cause any reduction in
the mechanical stability of the rack.

The 9500 MXC radio has the +ve pin on its dc power supply
connector fastened directly to the chassis. It must be used
with a -48 Vdc power supply which has a +ve earth; the power
supply earth conductor is the +ve supply to the radio.

= There must be no switching or disconnecting devices in this
earth conductor between the dc power supply and the point
of connection to a 9500 MXC system.

* The power supply must be located in the same premises as
the 9500 MXC system.

An appropriate power supply disconnect device should be
provided as part of the building installation.

If the 9500 MXC indoor unit is installed in a closed or
multi-unit rack assembly, the operating ambient temperature
of the rack environment may be greater than room ambient.
The maximum ambient temperature (Tmra) of +45° Celsius
(113° F) applies to the immediate operating environment of
the 9500 MXC indoor unit, which, if installed in a rack, is the
ambient within the rack.

The 9500 MXC system must be installed in restricted access
sites. The indoor unit and associated power supply must be
installed in restricted areas, such as dedicated equipment
rooms, closets, cabinets, or the like. Access to the tower and
ODU/antenna location must be restricted

Note: For USA:
In restricted access areas install the 9500 MXC system in
accordance with articles 110-26 and 110-27 of the 2002
National Electrical Code ANSI/NFPA 70.

3DB 23063 AEAA - Rev 005 June 2008 Vol.
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RF Exposure Guidelines

The following MPE (maximum permissible exposure) calculations have been produced
in accordance with the guidelines of EN 50383/EN 50385. These calculations
represent examples only and do not include every possible combination of output
power and antenna gain.

Occupational is defined as: “The occupationally exposed population consists of adults
who are generally exposed under known conditions and are trained to be aware of
potential risk and to take appropriate precautions”.

Table 1-1. MPE Guidelines

5GHz (4.4 - 5.0GHz)

Transmit Power (dBm)

Antenna Gain (dBi) Compliance Boundary
General Public (m)

Compliance Boundary
Occupational (m)

30.5 39.3 8.77 3.91
30.5 32.6 4.06 1.81
0.5 39.3 0.28 0.12
0.5 32.6 0.13 0.06

L6/U6GH?z (5.925 — 7.11GHz)

Transmit Power (dBm)

Antenna Gain (dBi) Compliance Boundary
General Public (m)

Compliance Boundary
Occupational (m)

30.5 41.5 11.30 5.03
30.5 31.2 3.45 1.54
0.5 415 0.36 0.16
0.5 31.2 0.11 0.05

7/8GHz (7.125 - 8.5GHz)

Transmit Power (dBm)

Antenna Gain (dBi) Compliance Boundary
General Public (m)

Compliance Boundary
Occupational (m)

30.5 42.9 13.28 591
30.5 30.4 3.15 1.40
5.0 42.9 0.71 0.31
5.0 30.4 0.17 0.07

10GHz (10.0 — 10.68GHz)

Transmit Power (dBm) | Antenna Gain (dBi) Compliance Boundary Compliance Boundary
General Public (m) Occupational (m)

26.0 34.3 2.94 1.31

26.0 33.7 2.74 1.22

-4.0 34.3 0.09 0.04

-4.0 337 0.09 0.04

11GHz (10.7 - 11.7GHz)

Transmit Power (dBm)

Antenna Gain (dBi) Compliance Boundary
General Public (m)

Compliance Boundary
Occupational (m)

25.0 46.2 10.31 4.59
25.0 21.7 1.23 0.55
2.5 46.2 0.77 0.34
2.5 27.7 0.09 0.04

13GHz (12.75 — 13.25GHz)

Transmit Power (dBm)

Antenna Gain (dBi) Compliance Boundary
General Public (m)

Compliance Boundary
Occupational (m)

28.0 47.3 16.53 7.36
28.0 29.6 2.15 0.96
0.0 47.3 0.66 0.29
0.0 29.6 0.09 0.04
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Transmit Power (dBm)

Transmit Power (dBm) | Antenna Gain (dBi) Compliance Boundary Compliance Boundary
General Public (m) Occupational (m)

27.0 46.4 13.28 5.91

27.0 30.8 2.20 0.98

-1.0 46.4 0.53 0.24

-1.0 30.8 0.09 0.04

Compliance Boundary
General Public (m)

Compliance Boundary
Occupational (m)

Transmit Power (dBm)

215 48.0 8.48 3.77
21.5 32.8 1.47 0.66
-3.0 48.0 0.50 0.22
-3.0 32.8 0.09 0.04

Compliance Boundary
General Public (m)

Compliance Boundary
Occupational (m)

21.5 49.2 9.73 4.33
21.5 34.4 1.77 0.79
-3.0 49.2 0.58 0.26
-3.0 34.4 0.11 0.05

Transmit Power (dBm)

Transmit Power (dBm) | Antenna Gain (dBi) Compliance Boundary Compliance Boundary
General Public (m) Occupational (m)

15.5 46.0 3.37 1.50

155 35.9 1.05 0.47

-4.5 46.0 0.34 0.15

-4.5 35.9 0.11 0.05

Compliance Boundary
General Public (m)

Compliance Boundary
Occupational (m)

Transmit Power (dBm)

15.0 48.1 4.06 1.81
15.0 36.5 1.07 0.48
-5.0 48.1 0.41 0.18
-5.0 36.5 0.11 0.05

Compliance Boundary
General Public (m)

Compliance Boundary
Occupational (m)

Transmit Power (dBm)

175 43.5 3.19 1.42
175 37.5 1.60 0.71
-5.0 43.5 0.24 0.11
-5.0 37.5 0.12 0.05

Compliance Boundary
General Public (m)

Compliance Boundary
Occupational (m)

175 48.1 541 241
17.5 39.3 1.96 0.87
-5.0 48.1 0.41 0.18
-5.0 39.3 0.15 0.07
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Chapter 1. 9500 MXC System
Overview

This chapter introduces the features and capabilities of the 9500 MXC. Refer to:
e 9500 MXC Platforms on page 1-1

« Craft Terminal Configuration and Diagnostics on page 1-13

e Antennas on page 1-13

e Power Supply on page 1-13

Click the following links for more information on:

9500 MXC Terminals on page 2-1

9500 MXC Nodes on page 3-1

Outdoor Units on page 4-1

Configuration and Diagnostics on page 5-1

9500 MXC Performance and Diagnostic Features on page 6-1

9500 MXC Platforms

9500 MXC is available on two platform types, Terminal and Node. Both employ a
split-mount architecture with a rack-mounted indoor unit and direct-mounted ODUs
connected by a single coaxial cable. Refer to:

e 9500 MXC Terminal on page 1-1
e 9500 MXC Node on page 1-5
* 9500 MXC ODUs on page 1-12

9500 MXC Terminal

9500 MXC Terminals are a single-link radios, comprising an IDU and ODU.

e Terminals may be operated as single links, or networked where IDUs are
back-to-back connected via their tributary ports at intermediate sites, or for the IDU
20x, via its expansion port.

e Most Terminals can be paired for protected link operation.
e Terminals may also be over-air interfaced to the 9500 MXC Node.

3DB 23063 AEAA - Rev 005 June 2008 Vol. 11-1-1
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Figure 1-1. 9500 MXC Terminal
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Terminal Indoor Units

IDUs are available in variants to transport PDH, SDH or Ethernet on ETSI and ANSI
bands. See Table 1-1.

Table 1-1. IDU Variants

Application| Variant Capacities Modulation

E1/DS1 IDU 20x 5xE1 to 75xE1, or 4xDS1 to QPSK to
100xDS1 128QAM

STM1/0C3 IDU 1550 STM1/0C3 (optical SC 16/64/128QAM
interface)

Ethernet IDU ES 10/100Base-T to 200 Mbps | QPSK to 128
with up to 8xE1/DS1 QAM

ODU options support operation on bands 5 to 38 GHz:

e 51023 GHz with ODU 300ep
* 7to 38 GHz with ODU 300hp

IDU Overview

IDU 20x

IDU 20x supports 20 tributaries on individual RJ-45 connectors for E1 or DS1
operation, modulation options to 128 QAM, and over-air capacities to 40xEl or

32xDS1. Features include:

» Capacities to 20xE1 / 16xDS1 for single link non-protected operation.
« Capacities to 20xE1 or 16xDS1 for hot-standby or space diversity operation.

» Capacities to 40xE1 or 32xDS1 for hot-standby operation

e IDUs are paired for protected/diversity operation.

« For capacities to 20xE1 / 16xDS1 normal IDU equipment and path protection
applies, with Y cables used on the tribs.

Vol. 11-1-2
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< For higher capacities, traffic from the standby IDU is routed to the online IDU to
support termination of up to 40xE1 or 32xDS1 tribs. In this configuration trib and
PSU protection is not supported, however RAC/ODU and path protection
functions are retained.

e Tx switching is not hitless.

* Rx path switching (voting) is hitless (errorless) for capacities to 20xE1 /16xDS1.
It is not hitless when configured for 40xE1 / 32xDS1 operation.

Figure 1-2. IDU 20x
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IDU 20x is capacity licensed. The base configuration supports 20xE1/28xDS1, with
higher capacities to 40xE1 or 32xDS1 obtained by requesting additional capacity
upgrades at time of order or as field-downloadable software licenses. See IDU 20x
License on page 4-4 of Volume IV.

Synchronous or asynchronous auxiliary data and alarm 1/0 options are included.
IDU 20x supports ODU 300ep or ODU 300hp.

IDU 20x can be over-air interfaced to a 9500 MXC Node comprising the INU, DAC 16x
and ODU 300. An AUX is included where auxiliary channel services are also required.
This applies only to non-protected 1+0 (20xE1 / 16xDS1 max) link operation. Where
1+1 IDU operation is required, protected IDUs must be installed at both link ends.

IDU 1550

IDU 1550 supports a single 155 Mbps STM1/0C3 tributary on optical SC connectors.
Modulations options are 16, 64 or 128 QAM.

Figure 1-3. IDU 1550
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IDUs are paired to support hot-standby or space diversity operation. Optical Y cables
provide a single Tx and Rx interface.

e Tx switching is not hitless.

« Rx switching (voting) is hitless (errorless).

Synchronous or asynchronous auxiliary data and alarm 1/0 options are included.
Supports ODU 300ep or ODU 300hp.

IDU 1550 can be over-air interfaced to a 9500 MXC Node comprising the INU, DAC
1550, 2x1550, or 2x155e, and ODU 300. An AUX is included where auxiliary channel
services are also required. This applies only to non-protected 1+0 link operation.
Where 1+1 IDU operation is required, protected IDUs must be installed at both link
ends.

IDU ES

IDU ES supports Fast Ethernet to 200 Mbps to provide an uncomplicated and cost
effective alternative to fiber. Its Layer 2 switch supports four customer 10/100base-T
ports, two over-air transport channels and comprehensive VLAN and QoS options.
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Data throughputs range from 20 to 200 Mbps, and depending on throughput channel
bandwidth ranges from 7 to 56 MHz, with modulation options from 16 to 128 QAM.

Link capacity may be fully assigned to Ethernet traffic, or between Ethernet and up to
8 wayside E1/DS1 circuits.

Capacity is licensed. The base configuration supports 50 Mbps data throughputs, with
higher capacities to 200 Mbps obtained by requesting additional capacity upgrades at
time of order or as field-downloadable software licenses.

Protected 1+1 operation is not supported.
Figure 1-4. IDU ES
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Synchronous or asynchronous auxiliary data and alarm 1/0 options are included.
Supports ODU 300ep or ODU 300hp.

IDU ES can be over-air interfaced to a 9500 MXC Node comprising the INU, DAC ES
and ODU 300. Where E1/DS1 side channels are required a DAC 4x or DAC 16x is
included. Similarly an AUX is included where auxiliary channel services are required.

For more information on 9500 MXC Terminals, refer to Chapter 2.
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9500 MXC Node

9500 MXC Node replaces the traditional terminal or single-link based approach to
networking with a nodal solution. One 9500 MXC platform directly supports up to six
links, on frequency bands from 5 to 38 GHz.

Radio paths and customer interfaces are customized by plug-in cards, with
interconnection of traffic and services supported by a backplane bus.

Figure 1-5 shows a 9500 MXC Node comprising an INU (Indoor Node Unit) with three
ODUs.

Figure 1-5. 9500 MXC Node: INU with Three ODUs

The Node is software configurable for Ethernet, PDH or SDH link capacities of:
10 to 300 Mbps Ethernet.

5 to 100xEL, or 4 to 127xDS1.

1 to 4xDS3.

1xSTM1/0C3 or 2xXSTM1/0C3.

Where higher capacities are needed, two or more nodes are co-located for parallel-path
operation.

Link options include:
< 1+0 non-protected operation
< Hot-standby, space diversity, frequency diversity, or ring protection.
« Dual protection options of:
« Hot-standby over frequency diversity
« Frequency diversity over hot-standby
< Frequency diversity over space diversity
e Co-channel XPIC operation.

For information on the indoor units and plug-in cards, refer to:
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« Node Indoor Units on page 1-6
¢ Node Plug-in Cards on page 1-7

Node Indoor Units

There are two indoor units, the INU, and INUe (Extended INU). The INU is a 1IRU
chassis, the INUe is 2RU.

Mandatory plug-ins are the NCC (Node Control Card) and FAN (Fan card). The
optional plug-ins comprise RAC (Radio Access Card), DAC (Digital Access Card), AUX
(Auxiliary) and NPC (Node Protection Card).

INU
The INU requires one NCC and one FAN, and has provision for up to four option
plug-ins. It supports a maximum of three ODUs for three non-protected links, or one
protected/diversity link and one non-protected link. Each ODU is supported by a RAC
via a single coax cable.
Figure 1-6. INU

INUe

The INUe requires one NCC and two FANSs, and has provision for up to ten option
cards. It supports a maximum of six ODUs for six non-protected links, or up to three
protected/diversity links.

Figure 1-7. INUe
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The current production IDCe (INUe chassis) accepts a 2RU FAN or two
1RU FANSs.

One 2RU FAN is now supplied as standard with the IDCe.

Node Plug-in Cards

This section highlights the plug-in cards for an INU/INUe. For more information on
plug-ins, refer to Chapter 3.

NCC
The NCC is a mandatory plug-in for an INU/INUe. It performs key node management
and control functions, and provides various dc rails from the -48 Vdc input. It also
incorporates a plug-in flash card, which holds node configuration and license data.
Figure 1-8. NCC
2 a0 [WNEEN o @ o- @
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FAN
The FAN is a mandatory plug-in. There are two variants, 2RU and 1RU. Each is fitted
with two long-life axial fans plus monitoring and control circuits.
* One 1RU FAN is fitted in an INU, two in an INUe.
e One 2RU FAN is now fitted in the INUe. It will also accept two 1RU FANSs. Earlier
INUes require two 1RU FANSs.
Figure 1-9. FAN
FAN ‘
®
A4
RAC 30V3

RAC 30v3 interfaces to an ODU 300 for channel bandwidths up to 28 MHz (ETSI) or
30 MHz (ANSI) for capacities of:

e 10 to 150 Mbps Ethernet
* 5Xx to 75xE1

* 4x to 100xDS1

» 1x, 3x, 4xDS3

e 1IxSTM1/0C3

Where transport of E3 rates is required, the DAC 3XxE3/DS3M is used in E13 mode to
multiplex the E3 data to NxE1 on the backplane bus.
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RAC 3X

RAC 40

DAC 4X

Figure 1-10. RAC 30V3
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RAC 3X interfaces to an ODU 300hp or ep for channel bandwidths from 28 to 56 MHz
(ETSI), or 30 to 50 MHz (ANSI), for capacity options of:

¢ 50 to 300 Mbps Ethernet
» 64/75/93/106xE1

» 32/70/84/100xDS1

* 4xDS3

e 1/2xSTM1/0C3

Figure 1-11. RAC 3X
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RAC 40 interfaces to an ODU 300hp or ep to support co-channel XPIC operation for:
e Two 100, 130, or 150 Mbps Ethernet links on one 28 MHz or 30 MHz channel.

* Two STML1, 75xE1, 64xE1 or 52xE1 links on one 28 MHz channel.

» Two OC3, 100xDS1, 84xDS1 or 70xDS1 links on one 30 MHz channel.

Figure 1-12. RAC 40

"
RAC 40 @ omue i m
G 4 10 o

@) s

. s =
o ™ 0w

DAC 4x supports 4xE1 or DS1 tributaries on RJ-45 connectors.
Figure 1-13. DAC 4X

oo e

Vol. 11-1-8

Alcatel-Lucent



9500 MXC User Manual

DAC 16X
DAC 16x supports 16xE1 or DS1 tributaries on Mini RJ-21 connectors.
Figure 1-14. DAC 16X

DAC 3XxE3/DS3M
DAC 3xE3/DS3M supports four operational modes:
« Normal E3/DS3 tributary operation (as for DAC 3xE3/DS3)

< E13 multiplexer mode. One or two E3 interfaces are multiplexed to an NxE1
backplane.

e M13 multiplexer mode. One or two DS3 interfaces are multiplexed to an NxDS1
backplane.

e 34 Mbps transparent E3 mode for video (MPEG) transport. One or two transparent
E3 tributaries are each mapped to a 34xE1 backplane.

Figure 1-15. DAC 3xE3/DS3M
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DAC 2x155e
DAC 2x155e supports two STM1 electrical tributaries on BNC connectors.
Figure 1-16. DAC 2x155e
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DAC 1x1550
DAC 1x1550 supports one STM1/0C3 single-mode optical tributary on SC connectors.
Figure 1-17. DAC 1x1550
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DAC 2x1550

DAC 2x1550 supports two STM1/0C3 single-mode optical tributaries on SC
connectors.

Figure 1-18. DAC 2x1550
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DAC 1550M

DAC 1550M multiplexes an SDH/OC3 single-mode optical tributary to an NxE1 or
NxDS1 backplane.

Figure 1-19. DAC 1550M
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DAC ES

DAC ES supports four low-latency 10/100Base-T Ethernet ports over one or two radio
and/or fiber transport channels. Features include:

< Advanced QoS settings.

e Transparent, VLAN and mixed modes of operation.
e Throughputs to 100 Mbps per transport channel.

< Assignment to radio or fiber links.

< Assignment of total link capacity to Ethernet, or split between Ethernet and E1/DS1
traffic.

« Compatibility with DAC GE and IDU ES.
Figure 1-20. DAC ES
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DAC GE

DAC GE supports three low-latency 10/100/1000Base-T electrical ports and one
1000Base-LX optical port, over one or two transport channels. Features include:

« Advanced QoS settings.

e Transparent, VLAN and mixed modes of operation.
< Enhanced, fast-switched RSTP.

e Layer 2 and layer 1 link aggregation.

< VLAN tagging.

e Throughputs to 300 Mbps per transport channel.

< Assignment to radio or fiber links.

« Assignment of total link capacity to Ethernet, or split between Ethernet and E1/DS1
traffic.

e Compatibility with DAC ES and IDU ES.
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Figure 1-21. DAC GE
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AUX provides synchronous and/or asynchronous auxiliary data channels, NMS
porting, and alarm input and output functions. Data options are sync at 64 kbps or
async up to 19.2 kbps.

Figure 1-22.
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NPC provides redundancy for the NCC TDM bus management and power supply
functions.

Figure 1-23. NPC
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For more information on the 9500 MXC Node, refer to Chapter 3.

€
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9500 MXC ODUs
There are two mechanically similar ODUs, the ODU 300ep and ODU 300hp.

e ODUs are band specific and supplied with diplexers for Tx high or Tx low working.

e ODUs are designed for direct-antenna mounting, but can be remote mounted.

Channel bandwidths range from 3.5 to 56 MHz depending on the ODU, bandplan, and

capacity/modulation option selected.

Within their band limitations the ODU 300ep and ODU 300hp are over-air
compatible.

ODU 300ep availability is now limited to 13 and 15 GHz.

ODU 300hp supports:

6 to 38 GHz

High power transceiver

4x to 106x E1 or 4x to 100xDS1
4xDS3

1/2x STM1/0C3

Up to 300 Mbps Ethernet
QPSK to 256QAM modulation
RAC 30, RAC 40, RAC 3X, IDUs

ODU 300ep supports:

6 to 23 GHz

Extended high power transceiver
4x to 106x E1 or 4x to 100x DS1
4x DS3

1/2x STM1/0C3

Up to 300 Mbps Ethernet

QPSK to 256QAM modulation
RAC 30, RAC 40, RAC 3X, IDUs

For more information on 9500 MXC ODUs, refer to Chapter 4.
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Craft Terminal Configuration and Diagnhostics

9500 MXC is a software-driven product; there are no manual controls. Configuration
and diagnostics are achieved using the 9500 MXC CT, the PC based craft terminal.

9500 MXC CT (CT) is supported in the 9500 MXC system software, such that once
installed on a PC, it automatically downloads support from the radio as needed to
ensure CT always matches the version of system software supplied, or subsequently
downloaded in any radio upgrade.

CT has the look and feel of a Windows environment with screen-based views and
prompts for all configuration and diagnostic attributes.

A CT PC connects to an INU/INUe/IDU using Ethernet or V.24 options.

For more information on 9500 MXC CT, refer to Chapter 5.

Antennas

Antennas for direct mounting an ODU are available in diameters from 0.3m (1ft) to
1.8m (6ft), depending on the frequency band. These antennas are high performance,
low profile shielded types and are supplied complete with a customized 9500 MXC
ODU collar and feed-point.

A polarization rotator is included within the antenna collar, and direct-mounting equal
or unequal loss couplers are available for single antenna protected operation.

Antenna mounts are designed for use on industry-standard 115 mm OD (4.5 inch)
pipe-mounts.

A 9500 MXC ODU can also be used with standard antennas via a remote-mount kit and
flexible waveguide.

Power Supply

9500 MXC is designed to operate from a -48 Vdc power supply (+ve earth) but will
operate to specification over a voltage range of -40.5 to -60 Vdc.

The dc power supply must be UL or IEC compliant for a -48 Vdc SELV (Safety Extra
Low Voltage) output (60 Vdc maximum limited).
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This chapter describes features and capabilities of 9500 MXC Terminals. Refer to:
PDH and SDH IDUs on page 2-1

Ethernet IDU on page 2-8

IDU Protection on page 2-23

Platform Layout and Interoperation Data on page 2-27

Configuration and Diagnostics on page 2-28
For information on 9500 MXC ODUs refer to Chapter 4.

PDH and SDH IDUs

This section introduces traffic and auxiliary interfaces and functions for:

IDU Capacity
IDU 20x 5xE1 to 75xE1, or 4xDS1 to
100xDS1
IDU 1550 STM1/0C3 (optical SC interface)
Refer to:

e Capacity and Bandwidth Options on page 2-1
« Traffic and Auxiliary Interfaces on page 2-3
< Front Panel Layout on page 2-5

Capacity and Bandwidth Options

Depending on the IDU and its capacity/bandwidth options, modulation rates are
programmed for QPSK, 16QAM, 32QAM, 64QAM, or 128QAM:

e Table 2-1 lists the ETSI capacity, modulation, and bandwidth options for IDU 20x.
Table 2-2 lists the options for North American (ANSI) Common Carrier.

e Table Table 2-3 on page 2-2 lists ETSI and ANSI capacity, modulation, and
bandwidth options for IDU 1550.

ETSI band plans for 55/56 MHz channeling and ANSI band plans for 50
Mhz channeling are generally restricted to bands 18 GHz and higher.

3DB 23063 AEAA - Rev 005 June 2008 Vol. 11-2-1



Chapter 2. 9500 MXC Terminals

Table 2-1. IDU 20x ETSI System Options

Capacity

Channel Bandwidth

Modulation

5xE1

10xE1
20xE1
10xE1
16xE1
20xE1
32xE1

40xE1

7 MHz

13.75/ 14 MHz
27.5/ 28 MHz
7 MHz

7 MHz

13.75 7/ 14 MHz
13.75/ 14 MHz
27.5/ 28 MHz

QPSK
QPSK

QPSK

16QAM
64 QAM
16 QAM
64 QAM
16 QAM

Please check the Product Release Notes to confirm the availability of modem profiles.

Table 2-2. IDU 20x ANSI System Options

Capacity

Channel Bandwidth

Modulation

4xDS1
8xDS1
8xDS1
8xDS1
16xDS1
16xDS1
16xDS1
28xDS1
28xDS1

32xDS1

2.5 MHz
10 MHz
5 MHz
3.75 MHz
20 MHz
10 MHz
5 MHz
30 MHz
10 MHz

20 MHz

16 QAM
QPSK

16 QAM
32 QAM
QPSK

16 QAM
128 QAM
QPSK

64 QAM
16 QAM

For the SDH IDU 1550, the 128 QAM and 64 QAM modulation options support ETSI
and ANSI channel bandwidths, but for 16 QAM the resulting 55 MHz bandwidth is only
applicable on ETSI bands (ETSI bands 18 GHz and above).

Table 2-3. IDU 1550 System Options

Capacity

Channel Bandwidth

Modulation

STM1/0C3
STM1/0C3
STM1

28 MHz
40 MHz

55 MHz

128 QAM
64 QAM

16 QAM
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Traffic and Auxiliary Interfaces
Data is provided for:
PDH Trib Ports on page 2-3
SDH Trib Ports on page 2-3
Aux Data Port on page 2-4
Ethernet IDU on page 2-8

PDH Trib Ports
IDU 20x trib ports are on individual RJ-45 connectors.
e Eltrib options are 75 ohm unbalanced or 120 ohms balanced.

« DS1 trib encoding options are AMI or B8ZS. Line impedance is fixed at 100 ohms
balanced and line length is selectable.

Trib cable options include:
e An RJ-45 to 2xBNC cable assembly.
e An RJ-45 to RJ-45 straight cable assembly for extension to an RJ-45 patch panel.

« An RJ-45 to RJ-45 cross-over cable assembly for use between IDUs at repeater or
branch sites.

< An RJ-45 to wire-wrap cable assembly.
« Splitter Y-cables for protected hot-standby operation.
For more information on cable assemblies and connector pin-outs refer to Appendix C.

SDH Trib Ports

The IDU 1550 supports one STM1/0C3 optical tributary. The connectors are SC type,
and cable options are available, as accessories, for extension to SC, FC or LC types.

The receive-level range is -31 dBm (max sensitivity) to -7 dBm (max input power).
Transmit output is within limits of -15 dBm to -8 dBm.

For protected operation two optical splitter Y-cables are fitted to provide extensions
from SC to SC, FC or LC connectors.

The SDH optical line code is Binary Scrambled NRZ (Non Return to Zero).

Auto Insertion of AIS or PRBS on Tribs

When a link demodulator-unlock occurs, it inserts an alarm signal (AlS or PRBS15) on
all trib circuits towards the customer. (Demodulator unlock may occur under severe
fading or an equipment fault).

e For El1 or DS1 tribs AIS is inserted.

e For STM1/0C3 tribs a PRBS15 pattern (15 bit pseudo-random bit sequence) is
inserted.

An on-board master clock maintains customer-facing clocking references when the
expected signal input and associated clocking reference from its link is missing, or
below the minimum level required.
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AIS/PRBS15 may be forced onto a tributary using the System Control
screen.

Aux Data Port

The IDUs support synchronous or asynchronous auxiliary data via a DB-9 female
connector.

e Synchronous conforms to TIA/EIA-422 / V.11 at 64kbps, with selectable clock.
The source of the transmit clock can be set to internal (provided by the auxiliary card)
or external (provided by the user). For an external clock, channel synchronization is
supported by a selectable clock phase (rising or dropping edge of the clock pulse).

< Asynchronous conforms to TIA/EIA-562 (electrically compatible with RS-232 /
V.24)

e Asynchronous baud rates are 1200, 2400, 4800, 9600, or 19200bps, with parity
and stop bit selection.

Auxiliary data is transported within the link overhead, which is shared with NMS data.
Aux Data cable options include:

e Async DB-9 to wire-wrap.

* Sync DB-9 to wire-wrap.

* Async DB-9 to DB-9 crossover.

* Sync DB-9 to DB-9 crossover.

For more information on cable assemblies refer to Appendix C.

Alarm 1/0 Port

The IDUs include an alarm 1/0 function, which supports two TTL alarm inputs and
four Form C relay outputs via an HD-15 female connector.

Input events are mapped to outputs:

« Individual AUX alarm inputs or internal alarm events may be mapped to any output
within the network.

e Multiple input or internal events may be mapped to a common output.

Mapping is achieved using IP addressing for the destination Terminal, or if the
destination is a 9500 MXC Node, to its IP address plus the slot location and output
number for the AUX plug-in.

Individual alarm inputs and relay outputs can be named. A severity level can also be
assigned to alarm inputs.

An HD-15 to wire-wrap Alarm 1/0 cable assembly is available as an option. For cable
details refer to Appendix C.
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Alarm Inputs

The active state of each TTL alarm input is configurable to be active if the voltage on the
input is high, or active if the voltage is low. The alarm software detects a change in the
state of each input circuit, and raises or clears an input accordingly. The nominal alarm
polling rate is 1 second. Fleeting changes are ignored.

< Input state changes are captured in the event log as an alarm.

e TTL input thresholds are specified at 2V min high, and 0.8V min low. High voltage
(spike) protection to 48V is included.

Alarm Outputs

The output relays may be configured to be energized or de-energized on receipt of an
alarm event. A user can also select on the Alarm 1/0 connector a normally closed, or
normally open contact pair.

The relay contacts are specified at:
Maximum Voltage 250 Volts
Maximum Current 2 Amps (applies up to 30 Volts)
Maximum Power 60 Watts

Note: These are maximum values, which require de-rating if the relay is to be used for
frequent-switch applications.

The contact voltage must be restricted to less than 60 Volts for compliance
with SELV regulations.

Front Panel Layout
e Figure 2-1 shows the IDU 20x front panel.
« Figure 2-2 shows the IDU 1550 front panel.
» Refer to Table 2-4 for names and descriptions of numbered components.

Figure 2-1. IDU 20x Front Panel Layout

1 2 3 4 512 6 7 8 9 13

Figure 2-2. IDU 1550 Front Panel Layout
~ il -
e 2207 82 = o
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Table 2-4. Front Panel Layout Description

No Item/Label

Description

1 Rack Ear and
Grounding Stud

2 -48 Vdc

3 Fuse

4 To ODU

5 Maint V.24

6 Aux Data

7 Alarm 1/0

8 OoDuU

IDU

Rack attachment bracket for the IDU. One ear has a grounding
stud for IDU grounding. The ears can be fitted either side and
provide flush-with-rack-front mounting.

2-pin D-series 2W2C power connector. Includes screw
fasteners.

5A time-lag fuse and power on/off switch. ON is when the fuse
head is in the vertical position; OFF is when the head is rotated
to the horizontal ‘O’ position.

Type N female connector for jumper cable connection to the
surge suppressor located at the cable entry point to the
building.

RJ-45 connector provides a V.24 serial interface option for
9500 MXC CT (CT) connection. It supports a default IP address,
which means knowledge of the Terminal IP address is not
required at login.

DB-9 connector provides one synchronous or asynchronous
data service channel. Selection of synchronous (64 kbps) or
asynchronous (max 19.2 kbps) is via 9500 MXC CT.

HD-15 connector provides access to two TTL alarm inputs and
four form C relay outputs. Connections are mapped in CT.

ODU Status LED provides indications of:
Off IDU power off
Green Normal operation

Orange flashing Configuration not supported, software/
hardware incompatible, or diagnostic mode
selected, such as Tx Mute.

Red Critical alarm (traffic affecting)
IDU Status LED provides indications of:

Off IDU power off

Green Normal operation

Orange flashing Configuration not supported, software/
hardware incompatible, or diagnostic mode
selected, such as tributary loopbacks.

Red Critical alarm (traffic affecting): LOS on a
commissioned trib or a SW/HW failure.
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Description

9 NMS 10/
100Base-T

12 Protection/
expansion port

13 Trib ports 1 to 20

16 Optical 1

RJ-45 connector provides a port for Ethernet network
management access:

Unless DHCP has been configured, Ethernet CT login requires
entry of a LAN compatible IP address on your PC.

For protectable IDUs a dual RJ-45 connector assembly is fitted
to support NMS connectivity to its protection partner, and to a
CT PC.

Port is also used to provide NMS connectivity to other
co-located Alcatel-Lucent or third party radios.

Built-in orange flashing LED indicates Ethernet connection
status; on for a valid Ethernet connection, off for no connection
or an invalid connection.

Built-in green LED indicates Ethernet activity. The LED flashes
to indicate Ethernet traffic on the port. It does not flash (is solid
on) when there is no traffic activity. (Activity LED is off when
the connection status LED is off).

RJ-45 connector.

For IDU 20x and IDU 1550 it provides bus interconnection
between paired IDUs for hot-standby or space diversity
operation. Tx switching is not hitless, Rx path switching
(voting) is hitless.

Tx/Rx online and primary/secondary status is indicated by the
protection connector LEDs as:

« Green Online LED is on for an online Tx and/or Rx. (Normally
the online IDU is online for Tx and Rx).

* Green Online LED is off for the offline IDU (IDU is not
transmitting or controlling the Rx diversity bus.

« Orange Primary LED is on for the primary IDU. (The primary
designated IDU is default online for Tx and Rx).

e Orange Primary LED is off for the secondary IDU.

RJ-45 connector assemblies for tributary connection; one
RJ-45 port per E1/DS1. E1 termination is set for unbalanced or
balanced in 9500 MXC CT. DS1 is 100 ohms balanced with
options for AMI or B8ZS, and trib cable length. Cable options
provide extension to BNC connectors for unbalanced, or to
RJ-45 plugs or to unterminated wires for balanced.

SC type single mode optical trib connector assembly.

The receive-level range is -31 dBm (max sensitivity) to -7 dBm
(max input power). Transmit output is within limits of -15 dBm
to -8 dBm.

Cable options are available to provide extensions to SC, FC or
LC connectors.

With protected IDUs, Y-cables are fitted to provide common Tx
and Rx optical interfaces.
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Ethernet IDU

This section introduces the IDU ES. Refer to:

e IDU ES Link on page 2-8

< IDU ES Capacity and Bandwidth Options on page 2-8
e Ethernet Module on page 2-12

» Wayside Traffic Module on page 2-16

 Auxiliary Data and Alarm 1/0 Module on page 2-17

e IDU ES Layout on page 2-18

« IDU ES Applications on page 2-20

« More Information on page 2-22

IDU ES Link

IDU ES supports Fast Ethernet connections to 200 Mbps with up to 8xE1/DS1 wayside
circuits. Depending on the ODU and required capacity, over-air channel bandwidths
are selected using modulation options from QPSK to 256 QAM.

The IDU ES includes a Layer 2 switch to support four customer 10/100base-T ports,
two over-air transport channels and comprehensive VLAN and QoS options.

Base capacity licences apply, with access to the higher capacities provided by an
additional software-keyed license.

IDU ES can be used with the ODU 300ep or ODU 300hp.

< For information on capacity, bandwidth, and Ethernet and wayside payload options
refer to IDU ES Capacity and Bandwidth Options on page 2-8.

< For information on license operation and license steps, refer to IDU ES License on
page 4-3 in Volume IV.

IDU ES may be used in single-link and networked applications, and can be over-air
interfaced to 9500 MXC Node comprising the INU, DAC ES or DAC GE, DAC 4x/16x,
and ODU 300.

IDU ES Capacity and Bandwidth Options

ETSI options are indicated in Figure 2-3 and detailed in Table 2-5.
ANSI options are in Figure 2-4 and Table 2-6.

e For IDU ES with ODU 300ep or ODU 300hp the base license is 50 Mbps. Upgrades
are available to 100 Mbps, 150 Mbps, or 200 Mbps.

e IDU ES licenses are up-to licences. For example:

< ETSI IDU ES throughputs may be reduced by configuring lower link capacities;
10xE1 for 20 Mbps or 20xE1 for 40 Mbps.

e Similarly, an ETSI IDU ES with a 100 Mbps license may be configured for 40xE1
to support an 82 Mbps throughput.
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e The maximum throughput for each IDU ES licensed option may be used for Ethernet

traffic, or assigned between Ethernet and wayside E1/DS1 circuits. For

configurations where available link capacity is fully assigned to Ethernet, Ethernet
throughput is reduced by 2 Mbps (2.048 Mbps) for each E1 assigned, or by 1.5 Mbps
(1.544 Mbps) for each DS1 assigned up to a maximum 8xE1/DS1 waysides.

< With a 200 Mbps license, maximum Ethernet throughput is constrained to the
96xE1 or 127xDS1 channel maximums of the Ethernet module to provide 196.6 Mbps
or 196 Mbps respectively. For ETSI IDU ES the balance of the available 217 Mbps
capacity may be assigned to waysides without impacting maximum Ethernet
throughput; a 200 Mbps license supports 196.6 Mbps Ethernet throughput and up
to 8xE1 waysides.

Figure 2-3. IDU ES ETSI: Nominal Capacity and Channel BW Options

200
200 200
s
a
2
= 150
3
a
=
]
8 100
= 100 100 .
= 20AM
© 16QAM
=
; 50
£ 54% ) 50 320am | 50 160AM
@ QPSK
£ 3 50 ssqam [§ 50 '69AM
RPN 50 160am
QPSK
7 MHz 13.75/14 MHz 27.5/28 MHz 55/56 MHz
Channel Bandwidth Options
Table 2-5. IDU ES ETSI Options
IDU ES Ethernet Channel Modulation License
License Mbps BW, MHz
Option
50 Mbps 10 7 QPSK Base
50 Mbps 20 7 16 QAM Base
50 Mbps 20 14 QPSK Base
50 Mbps 32 7 64QAM Base
50 Mbps 40 28 QPSK Base
50 Mbps 40 14 16QAM Base
50 Mbps 55 14 32QAM Base
50 Mbps 64 28 16 QAM Base
100 Mbps 82 28 16 QAM Upgrade
1
100 Mbps 106 28 32 QAM Upgrade
1
150 Mbps 150 28 128 QAM Upgrade
2
150 Mbps 150 56 16 QAM Upgrade
2
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IDU ES Ethernet Channel Modulation License

License Mbps BW, MHz

Option

200 Mbps 190 28 256QAM Upgrade
3

200 Mbps 196 56 64 QAM Upgrade
3

Please check the Product Release Notes to confirm the availability of modem profiles.

Figure 2-4. IDU ES ANSI: Nominal Capacity and Channel BW Options

128QAM 64QAM

200

150

100

Ethernet Data Throughput Mbps (nominal)

EA E

64/128QAM 320AM 16QAM

:
64QAM 16QAM

10 MHz 20 MHz 30 MHz 40 MHz 50 MHz
Channel Bandwidth Options
Table 2-6. IDU ES ANSI Options
IDU ES Ethernet Channel BW, | Modulation | License
License Mbps MHz
Option
50 Mbps 43 10 64 QAM Base
50 Mbpst 49 20 16 QAM Base
50 Mbpst 49 40 QPSK Base
100 Mbps 94 20 64 QAM Upgrade
1
100 Mbps 108 20 128 QAM Upgrade
1
108 30 32 QAM Upgrade
100 Mbps? 1
100 Mbps1 108 40 16 QAM Upgrade
1
150 Mbps 154 30 128 QAM Upgrade
2
150 Mbps 154 40 32 QAM Upgrade
2
150 Mbps 154 50 16 QAM Upgrade
2
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IDU ES Ethernet Channel BW, | Modulation | License

License Mbps MHz

Option

200 Mbps 196 40 128 QAM Upgrade
3

200 Mbps 196 50 64 QAM Upgrade
3

1. FCC frequency efficiency restrictions mean these options are not
available for use in the 6 and 11 GHz Common Carrier bands.

2. Please check the Product Release Notes to confirm the availability of
modem profiles.

IDU ES Compatibility
IDU ES can be over-air interfaced to an INU/INUe fitted with a RAC 30v3 or RAC 3X.

Table 2-7 indicates current compatibility for ETSI rates; Table 2-8 indicates ANSI
rates. Other rates may be supported, check with Alcatel-Lucent or your supplier.

At the INU/INUe:

« Ethernet traffic is terminated on a DAC ES or DAC GE.

e E1/DS1 traffic is terminated on a DAC 16x or DAC 4x.

< Auxiliary data traffic and/or alarm 1/0 actions are terminated on an AUX.
Table 2-7. IDU ES / RAC Compatibility: ETSI

Ethernet BW Modulation | IDU ES | RAC30v3 RAC3X
Assignment | MHz

10 Mbps 7 MHz QPSK X X N/A
20 Mbps 7 MHz 16QAM X X N/A
20 Mbps 14 MHz QPSK X X N/A
32 Mbps 7 MHz 64QAM X X N/A
40 Mbps 28 MHz QPSK X X N/A
40 Mbps 14 MHz 16QAM X X N/A
80 Mbps 28 MHz 16QAM X X N/A
106 Mbps 28 MHz 32QAM X X N/A
150 Mbps 56 MHz 16QAM X N/A X
150 Mbps 28 MHz 128QAM X X N/A
190 Mbps 28 MHz 256QAM X N/A X
196 Mbps 56 MHz 64QAM X N/A X

Table 2-8. IDU ES / RAC Compatibility: ANSI

Ethernet BW Modulation IDU ES| RAC30v | RAC3X
Assignment 3

43 Mbps 10 MHz | 64 QAM X X N/A

49 Mbps 20 MHz | 16 QAM X X N/A

49 Mbps 40 MHz | QPSK X N/A X
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Ethernet BW Modulation IDU ES| RAC30v | RAC3X
Assignment 3

108 Mbps 30 MHz 16 QAM X X N/A
108 Mbps 40 MHz | 32 QAM X N/A X

154 Mbps 30 MHz | 128 QAM X X N/A
154 Mbps 40 MHz | 32 QAM X N/A X

154 Mbps 50 MHz 16 QAM X N/A X

Ethernet Module

The Ethernet module incorporates an intelligent layer 2 (L2) switch, to provide the
switching, prioritization and queuing functions between ports and transport channels,
Cland C2. It supports address learning for efficient management of Ethernet traffic in
multi-host situations, and advanced layer 3 and layer 2 settings for traffic
prioritization.

A gate array supports channel assignment and mux/demux to the digital baseband.
The MAC address register supports 2048 entries.

Preamble stripping is used; the frame preamble (8 bytes) is stripped at the Tx end of
the link and re-inserted at the far end. It’'s benefit is most noticeable with small frame
sizes where the preamble represents a more significant part of the total frame size.

The four 10/100Base-T Fast Ethernet ports may be connected to the transport channels
in transparent, VLAN or mixed operational modes. Channel capacity is incremented in
2 Mbps (2.048 Mbps) or 1.5 Mbps (1.544 Mbps) steps.

Refer to:

e Ethernet Traffic Configuration on page 2-12

< Transport Channel Configuration on page 2-13
« Basic Port Settings on page 2-14

e Priority Mapping on page 2-14

e Flow Control on page 2-15

« Disable Address Learning on page 2-15

e Maximum Frame Size on page 2-15

e Latency on page 2-15

« Ethernet Diagnostics on page 2-16

Ethernet Traffic Configuration

IDU ES is configured using CT, the 9500 MXC craft terminal. User-friendly screens
prompt for channel size (Ethernet bandwidth), modes of operation, QoS settings, and
interface options.

Three modes of operation are supported, which define LAN connection options
between the ports and channels. These options are Transparent, VLAN or Mixed:
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Transparent Mode

This is the default, broadcast mode; all ports and channels are interconnected. It
supports four customer connections (ports 1 to 4) with bridging to and between the two
transport channels (C1, C2).

Figure 2-5. Transparent Mode Port and Channel Assignment

®
®

VLAN Mode

VLAN or transport mode supports four separate LAN connections. Port 1 is dedicated
to channel 1, and ports 2 to 4 are multiplexed to channel 2 to provide three virtual LANs
(VLANs 2, 3and 4). Internal VLAN port tagging of packets provides correct end-to-end
matching of port traffic over the channel 2 link. Tags are removed before port egress at

the far end.
Figure 2-6. VLAN Mode Port and Channel Assignment
@

Mixed Mode

Mixed or hybrid mode provides a two-LAN connection solution. The first provides a
dedicated port 1 to channel 1 connection. The second provides a transparent
(broadcast) connection, tying ports 2, 3 and 4 to channel 1. Packets received on any of
these ports will be allowed to broadcast to the other three ports, but not to port 1 or
channel 1.

Figure 2-7. Mixed Mode Port and Channel Assignment

®
®

Transport Channel Configuration
Selection is provided for channel capacity on a per-channel basis:
Channel capacity is selected in multiples of 2.048 Mbps or 1.544 Mbps.

e For an ETSI selection each channel supports a maximum 98 Mbps. Where both
channels are used the combined maximum extends to 196 Mbps.

< For an ANSI selection one channel (either) can be configured to support a maximum
100 Mbps. Both channels can be configured to support a combined total of 196 Mbps.
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< Both channels can be sent over the same radio path. Each can operate as separate fast
Ethernet VLANS, or aggregated (combined) using an external L2 switch.

Basic Port Settings

Customer selection/confirmation is provided for the following port parameters:
Enabled

A port must be enabled to allow traffic flow.

Name

A port name or other relevant port data can be entered.

Speed-Duplex

Provides selection per-port of auto or manual settings for half or full duplex operation
on speeds of 10 Mbps or 100 Mbps. In auto a connection is set based on the traffic type
detected.

Interface Type

Provides selection per port of auto or manual settings for the interface type; Mdi or
MdiX (straight or cross-over respectively).

Port Priority

Provides selection per-port of priority options low, medium low, medium high, and
high. This prioritization only has relevance to ports using a shared channel. Ports with
a higher priority have their data accepted by the queue controller ahead of the lower
priority ports on a 8:4:2:1 weighted basis where, for example, 8 high priority packets
are sent for every one low priority packet.

Port Up

Indicates that a valid Ethernet connection with valid Ethernet framing has been
detected.

Resolved

Indicates a port connection has been resolved for an auto speed-duplex setting.

Priority Mapping

Provides selection of queue-controller operation for the following options. A selection
applies to all ports.

« Port Default enables the Port Priority option - see Basic Port Settings above. It
ignores any 802.1p VLAN CoS priority tags or IP DiffServ priority values.

« 802.1p provides prioritization based on the three-bit CoS field within a VLAN tag.
Each of the possible eight tag priority values are mapped into a four-level (2-bit) IDU
ES priority level.

« DiffServ provides prioritization based on the six bits of the IP packet DiffServ or Type
of Service byte. Each of the possible 64 levels are mapped into a four-level (2-bit)
priority level.

« 802.1p-then-DiffServ provides prioritization based first on the 802.1p VLAN tag,
and then on the DiffServ or Type of Service byte.

« DiffServ-then-802.1p provides prioritization based first on the IP packet DiffServ or
Type of Service byte, then on the 802.1p VLAN tag.
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Flow Control

Flow Control is an option for full-duplex links only. It is implemented through use of
IEEE 802.3x PAUSE frames, which tell the remote node to stop or restart transmission
to ensure that the amount of data in the receive buffer does not exceed a ‘high water
mark’. The receiver will signal to the transmitter to stop transmitting until sufficient
data has been read from the buffer, triggered by a ‘low water mark’, at which point the
receiver signals to the transmitter to resume transmission. To be effective, flow control
must be established from the originating source through to the end point, and vice
versa, which means the equipment connected to the IDU ES ports and beyond should
also be enabled for flow control.

Disable Address Learning

MAC Address Learning is default implemented to support efficient management of
Ethernet traffic in multi-host situations. The option to disable Address Learning is
primarily for use in an Ethernet ring network where protection is provided by an
external RSTP switch. To avoid conflict between the self-learning function within IDU
ES and the external RSTP switch during path failure situations, the IDU ES capability
must be switched off.

Maximum Frame Size

Latency

Maximum Frame Size sets the largest size frame for the interface, which determines the
largest datagram than can be transmitted without it being broken down into smaller
units (fragmented). The IDU ES supports two maximum frame sizes, 1518/1522 bytes
(1518 for non-tagged frames, 1522 for tagged frames) or 1536 bytes.

Network latency refers to the time taken for a data packet to get from source to
destination. For an IP network it is particularly relevant to voice (VolIP) or video
conferencing; the lower the latency, the better the quality.

For phone conversations a one-way latency of 200 ms is considered acceptable. Other
applications are more tolerant; Intranet access should be less than 5 seconds, whereas
for non real-time applications such as email and file transfers, latency issues do not
normally apply.

Other contributors to overall latency are the devices connected to the 9500 MXC
network, which for a VolP circuit will include the external gateway processes of voice
encoding and decoding, IP framing, packetization and jitter buffers. Contributing to
external network latency are devices such as routers and firewalls.

Table 2-9 lists typical one-way performance over a 100 Mbps IDU ES link.
Table 2-9. Typical Performance for a 100 Mbps Hop

Frame Size Latency Throughput
64 240 uSec 72 Mbps
128 250 uSec 83 Mbps
256 270 uSec 88 Mbps
512 300 uSec 93 Mbps
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Frame Size Latency Throughput
1024 390 uSec 95 Mbps
1518 460 uSec 95.5 Mbps

Ethernet Diagnostics

CT diagnostics screens capture Ethernet performance and history. The data for IDU ES
includes:

Port/channel status.
Configured capacities.
Graphed current Rx and Tx throughputs and discards per port and channel.

Graphed historical Rx and Tx throughputs, frame type and discards per port and
channel.

Historical statistics per port and channel.
Comprehensive RMON performance statistics per port and channel.
Event history.

For more information refer to Volume 1V, Chapter 15:

DAC ES and DAC GE Menu
Ethernet Performance

History Screen: Ethernet

Wayside Traffic Module

The Wayside Traffic Module supports 8XE1 or 8xDS1 tributary circuits. Each is
accessed on an RJ-45 connector.

For an E1 selection options are provided for 75 ohms unbalanced or 120 ohms
balanced.

For a DS1 selection options are provided for AMI or B8ZS encoding and line length.
Line impedance is 100 ohms balanced.

The module supports trib and radio facing loopbacks plus AlS insertion, and a PRBS
generator and receiver for trib BER measurement.

Line isolation and surge protection are included.
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Auxiliary Data and Alarm 1/0 Module

This module supports sync or async data, and TTL alarm inputs and relay outputs:

Auxiliary Data

The DB-9 AUX Data connector supports one synchronous or asynchronous auxiliary
data channel, which may be used to transport 3rd party NMS (or other data):

< Synchronous conforms to TIA/EIA-422 / V.11 at 64kbps, with selectable clock. The
source of the transmit clock can be set to internal (provided by IDU ES) or external
(provided by the user). For an external clock, channel synchronization is supported
by a selectable clock phase (rising or dropping edge of the clock pulse).

« Asynchronous conforms to TIA/EIA-562 (electrically compatible with V.24)

< Asynchronous rates are 1200, 2400, 4800, 9600, or 19200 bps, with parity and stop
bit selection.

Auxiliary data is transported within the link overhead, which is shared with NMS data.

Alarm 1/0

The HD-15 Alarm 1/0 connector supports two TTL alarm inputs and four Form-C relay
outputs.

« Individual alarm inputs are mapped to any output within a 9500 MXC network.
Similarly, individual internal events can be mapped to any output.

< Multiple input or internal events may be mapped to a common output. Mapping is
achieved using IP addressing for the destination IDU ES terminal, or if the
destination is a 9500 MXC Node, to its IP address plus the slot location and output
number for the AUX plug-in.

 Individual alarm inputs and relay outputs can be named. A severity level can also be
assigned to alarm inputs.

Alarm Inputs

The active state of each TTL alarm input is configurable to be active if the voltage on the
input is high, or active if the voltage is low. The alarm software detects a change in the
state of each input circuit, and raises or clears an input accordingly. The nominal alarm
polling rate is 1 second.

Alarm Outputs

Outputs are user configurable to be normally high or normally low. Default is normally
low (relay inactive). Additionally, a user can select on the Alarm 1/0 connector, a
normally closed or normally open contact pair.

For information on TTL input limits and relay output voltage and current maximums,
refer to Alarm 1/0 Port on page 2-4.
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IDU ES Layout

Figure 2-8 illustrates IDU ES front panel layout and interfaces. Refer to Table 2-10 for
a description of numbered items.

Figure 2-8. IDU ES Front Panel Layout
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Table 2-10. Front Panel Layout Description

No Item/Label

Description

1 Rack Ear and
Grounding Stud

2 -48 Vdc

3 Fuse

4 To ODU

5 Maint V.24

6 Aux Data

7 Alarm 1/0

8 OoDuU

IDU

Rack attachment bracket for the IDU. One ear has a grounding
stud for IDU grounding. The ears can be fitted either side and
provide flush-with-rack-front mounting.

2-pin D-series 2W2C power connector for all IDUs. Includes
screw fasteners.

5A time-lag fuse and power on/off switch. ON is when the fuse
head is in the vertical position; OFF is when the head is rotated
to the horizontal ‘O’ position.

Type N female connector for jumper cable connection to the
surge suppressor located at the cable entry point to the
building.

RJ-45 connector provides a V.24 serial interface option for
9500 MXC CT. It supports a default IP address, which means
knowledge of the Terminal IP address is not required at login.

The DB-9 connector provides one synchronous or
asynchronous data service channel. Selection of synchronous
(64 kbps) or asynchronous (max 19.2 kbps) is via CT.

HD-15 connector provides access to two TTL alarm inputs and
four form C relay outputs. Connections are mapped in CT.

ODU Status LED provides indications of:
Off IDU power off
Green Normal operation

Orange flashing Configuration not supported, software/

hardware incompatible, or diagnostic mode
selected, such as Tx Mute.

Red Critical alarm (traffic affecting)
IDU Status LED provides indications of:
Off IDU power off

Green Normal operation
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No Item/Label Description

Orange flashing Configuration not supported, software/
hardware incompatible, or diagnostic mode

selected.
Red Critical alarm (traffic affecting)
9 NMS 10/ RJ-45 connector provides a port for Ethernet network
100Base-T management access.

Unless DHCP has been configured, Ethernet CT login requires
entry of a LAN compatible IP address on your PC.

Port may also be used to provide NMS connectivity to other
co-located Alcatel-Lucent or third party radios.

The green connection-status LED is on for a valid Ethernet
connection. Off indicates no connection or an invalid
connection.

The orange activity LED flashes to indicate Ethernet traffic on
the port. The LED does not flash (is solid on) when there is no
traffic activity. (Activity LED is off when the connection status

LED is off).
14 Ethernet traffic RJ-45 connector assembly for 10/100Base-T Ethernet traffic
ports 1 to 4 connection.

Port connection-status and activity LED indications are as for
the NMS port.

15 Trib1-4and Trib 5 | RJ-45 connector assemblies for wayside tributary connections;
to 8 one RJ-45 port per E1/DS1. E1 termination is set for
unbalanced or balanced in 9500 MXC CT. DS1 is 100 ohms
balanced with options for AMI or B8ZS, and trib cable length.
Cable options provide extension to BNC connectors for
unbalanced, or to RJ-45 plugs or unterminated wires for
balanced.
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IDU ES Applications

IDU ES may be used to provide single-hop connections or used as a radio backbone in
multiple-hop star or ring networks.

Refer to:
« Basic Network Applications on page 2-20.
* Ring Applications on page 2-22

Basic Network Applications

Simple Link

Figure 2-9 illustrates basic link operation where the IDU ES directly supports up to 4
hosts, which may all be on a common LAN, or prioritized in VLAN mode on up to four
LANSs over two independent link transport channels, C1 and C2.

Figure 2-9. Basic IDU ES Link

s e
e e

E1/DS1 — & E1/DS1

trib options ”" C1/c2 c1/cz trib options

1-4 10/100Base-T 1-4 10/100Base-T
LAN ports LAN ports

Using one transport channel, IDU ES supports Ethernet capacities to 98 Mbps. Using
both channels, IDU ES supports two separate LANSs to a combined Ethernet maximum
of 196 Mbps (IDU ES 200 Mbps option).

Link capacity may be configured to support Ethernet together with E1 or DS1 wayside
tribs, up to a maximum 8 waysides in 1XE1/DS1 increments. For example, a radio
configured for a throughput of 106 Mbps (IDU ES 100 Mbps ETSI option) may be used
to support:

« 106 Mbps Ethernet using both transport channels and no E1 tribs. The split between
channel (LAN) assignments may be 53/53 Mbps through to 98/8 Mbps.

e 104 Mbps Ethernet and 1xE1, through to 90 Mbps Ethernet and 8xEL.

LANSs supported on transport channels C1 and C2 cannot be paralleled without use of
an external aggregation or trunking switch, as doing so will create an IP loop.

Simple Link With External Switching

While IDU ES provides comprehensive layer 2 switch functionality, it can only support
a maximum of four directly connected hosts, which for most office applications is
insufficient, bearing in mind each device on the LAN must be directly connected to its
own port on the switch (star connected).

The solution is provided by a 3rd party industry-standard multi-port layer 2 switch, as
shown in Figure 2-10
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Figure 2-10. IDU ES with External Switch: Single Channel
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When used in this way, the LAN mode and QoS settings would normally be configured
within the external switch, and a single port connection used to the IDU ES.

With just one channel in use (C1 or C2), the maximum Ethernet capacity supported is
98 Mbps. For this throughput an optimum link solution is provided by the IDU ES 100
Mbps option.

Higher throughputs are provided by IDU ES 150 (~150 Mbps) and IDU ES 200 (~200
Mbps), but to make use of such capacity both IDU ES channels must be used, as shown
in Figure 2-11. The IDU ES is configured for Mixed Mode to support two independent
LANs/VLANSs on transport channels C1 and C2, and each is separately ported to the
external switch.

Figure 2-11. IDU ES Link with External Switch: Both Channels
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Nx VLAN1 — == Nx VLAN2 Nx VLAN1 — e o Nx VLAN2
10/100Base-T 10/100Base-T 10/100Base-T 10/100Base-T
ports Switch ports ports Switch ports

Where IDU ES links are to be networked, they must be physically interconnected at
intermediate sites. Figure 2-12 shows a typical small network with back-to-back IDU
ES installations at site B.

« External layer 2 multi-port switches are used where more than four host devices are
locally connected on the LAN: sites A, B and C.

« Site D shows no external switch. For a small office where no more than four host
devices are connected, the IDU ES provides a complete solution.

e Trib circuits are trib-cabled as for a standard E1/DS1 link.

* NMS visibility between all IDU ES terminals requires linking of the Ethernet NMS
ports at each site. As the IDU ES has a single Ethernet NMS port, where three or
more are grouped at a site, as at Site B, a simple external hub must be used to provide
the required porting capacity.

Figure 2-12. Network-connected IDU ES Links
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Ring Applications

IDU ES is a 1+0 platform; it does not offer hot-standby or diversity options. However,
IDU ES links can be installed in a ring network topology to support alternate-path
protection of Ethernet traffic using external RSTP switches.

e Using one channel, as illustrated in Figure 2-13, ring capacities to 98 Mbps are
supported.

¢ Using both channels, C1 and C2, two concentric rings are supported, each up to 98
Mbps.

* Where concentric rings are used, link aggregation may be used in the external switch
to provide a single LAN interface.

< For NMS visibility around ring, IDU ES terminals are interconnected at each site via
their Ethernet NMS ports.

< E1/DS1 circuits can also be configured on each link as pt-to-pt connections (not ring
protected).

Figure 2-13. IDU ES Links in a Ring

A — "

Ethernet ring

More Information
For more information on IDU ES:
< For capacity licensing see Capacity Licensing on page 4-1 of Volume IV.

« For configuration see Configuring Node and Terminal Plug-ins on page 7-1of Volume
v.
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IDU Protection

This section describes IDU protection options:

IDU Protection Options

IDU 20x Hot-standby, Space Diversity,
Ring

IDU 1550 Hot-standby, Space Diversity

Tx switching is not hitless; Rx switching (voting) between the two receive data streams
is hitless (errorless) on hot-standby and space diversity.

Refer to:
» Protected IDUs on page 2-23
< IDU Protection Switch Conditions and Criteria on page 2-24

< IDU Service Restoration Times on page 2-27

Protected IDUs

A protected terminal comprises two IDUs with companion ODUs, and inter-connecting
RJ-45 protection and NMS cables. ‘Y’ cables are available for trib split/merge.
Figure 2-14 illustrates cable options for IDU 20x.

An exception to standard protected IDU operation is provided by the IDU 20x using the
‘Hot Standby: Non-protected Tributary’ mode which applies to capacities above
20xE1 / 16xDS1:

« Normal equipment and path protection attributes apply for capacities to 20xE1 / 16x
DS1. Two modes are supported: ‘Hot Standby: Tributary Y-cable’, or Hot Standby:
Tributary Always-On’, which support hitless Rx path switching (voting) for
hot-standby or space diversity applications.

< For higher capacities traffic from the standby IDU is routed to the online IDU to
support termination of 40xE1 or 32xDS1 tribs; 20/16 tribs from each IDU. In this
configuration trib and PSU protection is not supported, however RAC/0ODU and
path protection functions are retained. This protection mode is called ‘Hot Standby:
Non-protected Tributary’.

» Protection is provided for all 40/32 tribs for a path / ODU failure. Each IDU
normally takes its Rx data from its directly connected ODU. For a path/ODU
failure, data is restored from its partner ODU/IDU via the IDU-IDU expansion
cable.

Switching on a failed path is not hitless; the 20/16 tribs assigned on the failed
path are restored from the remaining path (via the expansion cable) within 200
ms, the 20/16 tribs assigned on remaining path are not affected.

< Protection is not provided for all 40/32 tribs for a tributary module or PSU
equipment failure. Tribs terminated on the failed IDU (20/16 tribs) will be lost;
tribs terminated on the partner IDU will not be affected, providing the
recommended (default) protection configuration is used where each IDU is taking
Rx data from its directly connected ODU.

< For more information on protected operation, refer to Additional Procedures for
IDU 20x, Volume 1V, Chapter 8.
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< Alicense is required for 40xE1 or 32xDS1 operation, one license per terminal. (The
base capacity maximums of 20xE1 or 16xDS1 do not require a license). For more
information, refer to Volume 1V, Chapter 4.

Protected operation between IDUs and an INU is not supported. Where
protected IDUs are to be used, they must be at both ends of the link.

Figure 2-14. Protected IDU Terminal

Prot97ction cable NMS interconnection cable

el
et N

Balanced trib "Y' cable assembly ——

100/120 ohm balanced trib _»
cable extension options: Tx Rx
- RJ-45 to RJ-45 crossover

- RJ-45 to RJ-45 straight
- RJ-45 to wire-wrap

75 ohm unbalanced
RJ-45 to BNC female
trib "Y' cable assembly

Equal or unequal couplers are available for single antenna operation:

< Equal has a nominal 3.5/3.5 dB insertion loss split, and is recommended for
protected IDU operation.

e Unequal has a nominal 1.6/6.4 dB loss split.
Next:

< IDU Protection Switch Conditions and Criteria
< IDU Service Restoration Times

IDU Protection Switch Conditions and Criteria

Tx and Rx are switched separately except for a Tx online switch event where the Rx
Online function will follow the Tx to put Tx Online and Rx Online on the same IDU.
This occurs providing there is no blocking condition to prevent an RX online switch®.

The primary-designated IDU is default online for Tx and RxZ.
« Online for Tx means that it is transmitting.

< Online for Rx means that it is controlling the Rx protection switch function and is
sending Rx data to the trib ports.

The protection cable must be correctly installed between protected IDUs for protection
to operate.

Data is provided for:

1 AnRx blocking condition will occur if there is an Rx path alarm on the partner IDU or if the current IDU is locked

online for Rx.

Except for IDU 20x when operated in the Hot-standby: Non-protected Tributary mode. In this mode both IDUs are
online to receive data from its directly-connected ODU.

2
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Switching Guard Times

Switch Conditions: IDU 20x and IDU 1550
Tx Switch Criteria

Rx Switch Criteria: IDU 20x and IDU 1550

Switching Guard Times

To prevent protection switch oscillation a switch oscillation guard time mechanism
applies to all forms of Tx and Rx online protection switching3. The mechanism is
described below.

A period of guard time begins immediately after each protection switch occurs.

No protection switches are permitted during the guard time. Protection switching
may resume once the guard time has elapsed.

To damp possible oscillations in the system the guard time is regularly adjusted,
using the following rules:

e The guard time doubles after each switch (up to the maximum).

< The guard time halves after each period of guard time during which no switching
occurs (down to the minimum).

* When the guard time decays to its minimum, subsequent switch requests are
actioned immediately.

There are two independent guard timers for each protection context, one associated
with TX switching and one associated with RX switching.

The switch guard time has a minimum period of 5 seconds and a maximum period of
320 seconds (5 x 26 events).

The guard time mechanism is disabled in protection diagnostic modes.

Switch Conditions: I1DU 20x and IDU 1550
This data is applicable to hot-standby and space diversity.

Tx switching is not hitless.

Rx switching between the two receive paths is hitless (errorless) for Rx path alarm
events - except for IDU 20x when operated in the Hot-standby: Non-protected
Tributary mode.

« Receiver voting is used between the two receiving IDUs such that the least errored
data stream is selected on a frame-by-frame basis within the online Rx IDU. This
voting action is hitless (errorless).

< The online Rx IDU controls the Rx protection switch function (Rx diversity bus),
and is default assigned to be with the online Tx IDU (the primary IDU of the
protected pair is default online for Tx and RXx).

¢ An Rx path alarm will not cause an Rx online switch (Rx path alarms are not
included in the IDU 20x and IDU 1550 switch conditions).

e For the IDU 20x in Hot-standby: Non-protected Tributary mode, switching on a
failed path is not hitless; the 20/16 tribs assigned on the failed path are restored
from the remaining path (via the IDU-IDU expansion cable) within 200 ms, the
20/16 tribs assigned on remaining path are not affected.

3

It does not apply to Rx diversity-bus (hitless) path switching.

3DB 23063 AEAA - Rev 005 June 2008 Vol. 11-2-25



Chapter 2. 9500 MXC Terminals

« When a Tx online switch occurs, the Rx online function is switched to be with the new
Tx online providing there is no blocking condition on the partner Rx path, and
providing there are no System/Controls locks in place. This switching of the Rx
online function, as for a Tx switch, is not hitless.

* In the event of a switch of Rx online function, the Tx online will not be switched,
meaning one IDU will be online receiving, the other online transmitting. Such a
switch of online Rx function is not hitless and should only occur when forced by an
Rx lock command in the Systems/Controls screen.

» Protection switch oscillation is prevented by the guard time mechanism. It applies to
Tx and Rx online switch events.

Tx Switch Criteria

Switching from the online Tx to standby is initiated for the following local alarm
conditions:

 Software load failure
e Tx path failure:
e Tx synthesizer not locked
» Transceiver Tx failure
e Tx power failure
e Tx IF synthesizer not locked
e Tx cable IF synthesizer not locked
e ODU Tx cable IF synthesizer not locked
e ODU cable unplugged

e Tributary LIU failure. Except for IDU 20x when configured for capacities above
20xE1 / 16xDS1 using ‘Hot Standby: Non-protected Tributary’.

e Tributary ‘n’ LOS failure (subject to no trib ‘n’ LOS on partner IDU trib). Except for
IDU 20x when configured for capacities above 20xE1 / 16xDS1 with ‘Hot Standby:
Non-protected Tributary’.

A transmitter switch is also forced for an undetected ‘silent transmitter’ failure. This
occurs when both remote online IDUs are in receive alarm (path failure), whereupon a
switching command is returned to the local-end transmitter®,

Rx Switch Criteria: IDU 20x and IDU 1550

This data is applicable to hot-standby and space diversity.

Switching from the online Rx to standby Rx is initiated for the following alarm
conditions:

« Software load failure

e Tributary LIU failure. Except for IDU 20x when configured for capacities above
20xE1 / 16xDS1 using ‘Hot Standby: Non-protected Tributary’.

e Tributary output failure. Applies to IDU 20x, except when configured for capacities
above 20xE1 / 16xDS1 using ‘Hot Standby: Non-protected Tributary’. This alarm
condition does not apply to IDU 1550.

4 Where both RF modules are in receive path alarm because of a path problem, no signal is received in either

direction. In such situations the ‘silent Tx’ switch command will be prompted by receive path alarms at both ends
of the link, but will not be received at the transmit ends of the link, hence no silent Tx switch will occur on a
complete (both-way) path failure.
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Service restoration times for a transmit or receive switch are:

IDU Transmit Switch:

e Within 200ms for a local alarm Tx switch.

< Within 20 seconds nominally for a silent Tx switch.
IDU Receive Switch:

« Rx switching is hitless (errorless) for all events except for an online Rx switch.

¢ Foranonline Rx switch, service restoration is within 200 ms. (The online Rx controls
the hitless protection mechanism - the protection switch. When the protection
switch function is changed from one IDU to its partner, the switching is not hitless).

Platform Layout and Interoperation Data

This section includes data on platform layout, operational parameters, and

interoperation.

Figure 2-15 illustrates support for:
« Protected operation.

e ODU options.

« Capacity and modulation.

Table 2-11 on page 2-28 summaries IDU/ODU options and over-air compatibility.
Figure 2-15. 9500 MXC IDU Platforms

Can be linked to 9500 MXC Node (ODU 300, RAC 30v3, RAC 3X,

IDU 20x E@ ODU 300ep/hp
QPSK to 64 QAM modulation for 5x to 40xE1, 4x to 32xDS1
Non-protected, hot-standby, space diversity
= {50 e e Can be linked to 9500 MXC Node (ODU 300, RAC 30v3,
O o
— O e 3 | DAC 4/16x, AUX)
Includes auxiliary data and alarm 1/O
IDU 1550 ) ODU 300ep/hp
16/64/128 QAM modulation for 1xSTM1/0OC3
Non-protected, hot-standby, space diversity
O 8 o o o [ o
— O e 3 | DAC 1550, AUX)
Includes auxiliary data and alarm 1/O
ODU 300ep/hp
[@ QPSK to 256 QAM modulation
IDU ES Non-protected operation

Ethernet to 200 Mbps with up to 8xE1/DS1 wayside
Can be linked to 9500 MXC Node (ODU 300, RAC 30v3, RAC 3X

=0 En o mEd DAC ES, DAC 4/16x, AUX)

Includes auxiliary data and alarm 1/O
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Table 2-11. 9500 MXC IDU and ODU Parameters

IDU ODU Capacity Modulation | Protection Over-Air
Compatibility®
IDU 20x ODU 300ep/ | 5 to40xE1 QPSK to Hot standby, INU, RAC 30v3
hp 4 to 32xDS1 64 QAM space
6 to 38 GHz2 | (20xE1/DS1 diversity
trib access)
IDU 1550 | ODU 300ep/ | 1xSTM1/0C3 16/64/ Hotstandby, | INU, RAC 30v32, RAC
hp 128QAM space 3X
6 to 38 GHz2 diversity
IDU ES ODU 300ep/ Upto 196 Mbps | QPSK to Non-protect INU, RAC 3X, RAC
hp Ethernet with 256 QAM ed 30v3
6 to 38 GHz2 | UP to 8xEL/
DS1
1. Over-air compatibility for like capacity with INU/INUe. IDU E1/DSL1 tribs are end-end compatible with

INU DAC 4x and DAC 16x plug-ins. The auxiliary function provided on IDUs is end-end compatible
with the INU/INUe AUX plug-in. Over-air interoperability is supported between ODU 300ep and hp.
IDU-to-INU compatibility does not apply to protected operation; where protected IDUs are to be
installed they must be at both ends of the link.
2. Compatible with RAC 30v3 at STM1/0C3 using 128 QAM (27.5-30 MHz channel BW).

Configuration and Diagnostics

This section provides an overview of the 9500 MXC CT screens provided for IDU/ODU
configuration and diagnostics. Refer to:

e 9500 MXC CT Log-in on page 2-28

< Configuration on page 2-29

« Diagnostics on page 2-29

» Software Reset on page 2-30

For more information on configuration and management, refer to Chapter 5.

9500 MXC CT Log-in

The IDUs include Ethernet and V.24 front-panel NMS ports for CT connection.

Ethernet: For Ethernet (10/100Base-T NMS port) there are two connection options:

 Direct addressing using the TCP/IP properties window to set a LAN compatible
address on your CT PC. It requires knowledge of the IP address of the connected
radio. Where not provided, it is discovered using CT address auto-discovery.

< DHCP server connection, where a server function in the IDU provides an IP address
to the CT PC client. This option is enabled in the Networking screen. It does not
require operator knowledge of the IP address for the connected radio.

e V.24.V.24 connection does not require knowledge of a radios’ IP address. IDUs
fitted with a V.24 maintenance port include a V.24 cable in their installation kit.

For information on CT PC connection, Refer to Volume 1V, Chapter 2.
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To enable 9500 MXC CT access on a new (unconfigured) IDU a V.24
connection is normally used at the outset. Once connected, an IP address
can be configured, from which point Ethernet access can be used. DHCP
can also be configured at this time.

An Ethernet connection is recommended as it provides a much faster
connection and running speed compared to V.24. Ethernet must be used
for remote-end and network-wide access.

Configuration

CT configuration screens for the IDUs are identical to those for the INU/INUe (where
service functionality is the same).

e For information on CT PC connection, refer to Setting Up 9500 MXC CT, Chapter 2
of Volume III.

« For information on a recommended configuration process for a new IDU, refer to
Procedure Overview for a New Installation on page 3-7 of Volume I1I.

« For detail configuration data, refer to the relevant screens in Volume IV.

Diagnostics
The CT Diagnostics screen functions include:
e Event browser with report options.

« History, graphed and report, with capture options for 7 days worth of 15 minute data
bins, or one month of daily bins. Screens are provided for RACs and Ethernet IDUs/
DACs. The RAC screen captures G.826, G.821, RSL and event data. The Ethernet
history screen captures throughputs, frame types, discards, errors and events.

« Alarms, with context-sensitive Helpset support for alarm description, probable
cause and recommended remedial actions (For context sensitive help ‘9500 MXC
Help’ must be loaded on your PC).

* G.826 link performance data and G.821 BER - with built-in BER test function on
PDH and SDH tribs.

« Ethernet performance with comprehensive RMON statistics per port and channel.

« System Controls, with safety timers, for setting loopbacks, AlS, protection locks, Tx
mute. For the Ethernet modules data dashboard screens present Tx and Rx
throughputs, discards and errors for each of the ports and channels.

< Information on serial number, part number, and time in service.
« Software reset and history-clear functions:
Refer to Diagnostics on page 15-1, Volume IV.

For a list of troubleshooting processes supported within the Diagnostic screens, refer
to Using CT Diagnostics Screens on page 2-30 of Volume V.
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Software Reset

A software reset is equivalent to a power-down reboot (power off - pause - power on),
with one important difference; a copy of the Helpdesk Data File is automatically saved
to a default folder on your CT PC at C:\Program Files\9500 MXC CT\Reset Logs\.

For information on the software reset function, refer to Advanced Management on
page 15-61 of Volume IV.
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This chapter details features and capabilities of the INU and INUe, and their ODU
options. Refer to:

e Platforms on page 3-1

¢ Plug-in Cards on page 3-13

e Protected Operation on page 3-60

e Co-channel Operation on page 3-84

« Configuration and Diagnostics on page 3-97

For information on 9500 MXC ODUSs, refer to Chapter 4.

Platforms

This section introduces the INU and INUe platforms for slot location and usage,
cross-connects, capacity, and RAC/0ODU parameters. Refer to:

e Platform Layout on page 3-2

« Slot Assignments on page 3-3

e Cross-Connects on page 3-3

« Capacity and Bandwidth: PDH and SDH on page 3-6

« Capacity and Bandwidth: Ethernet on page 3-7

» Capacity License on page 3-11

« RAC/ODU Parameters and Interoperation on page 3-12
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Platform Layout

Figure 3-1 illustrates platform support for:

< Non-protected and protected/diversity links

ol
D=/l

Slot availability for option plug-ins
Over-air data types supported
ODU options

Figure 3-1. INU and INUe Platforms

Supports 3 non-protected links or
1 protected/diversity and 1 non-protected link

Slots 1 to 4 support radio and trib options for:

- E1/DS1, E3/DS3, STM1/0OC3, Ethernet
INU Soi || sw S z| - Auxiliary data and alarm I/O
Nee Sl NPC option may be installed in slot 4
[@ Supports 6 non-protected links or
@j ﬂ)j 1 protected/diversity and 4 non-protected links or
[@ 2 protected/diversity and 2 non-protected links or
3 protected/diversity links
INUe Slot 1 ] Slot2 Slot 3 - ) . )
— l == — g Slots 1 to 9 support radio and trib options for:
— - E1/DS1, E3/DS3, STM1/0OC3, Ethernet
sor || s. 2 z| - Auxiliary data and alarm I/O
nee St Slot 10 reserved for NPC option
ODUs INU and INUe support ODU 300hp/ep:
- ODU 300hp: QPSK to 256QAM, 6 to 38 GHz, requires RAC 30, RAC 40 or RAC 3X plug-in
- ODU 300ep: QPSK to 256QAM, 6 to 23 GHz, requires RAC 30, RAC 40 or RAC 3X plug-in
The current production IDCe chassis accepts a 2RU FAN as well as the
original 1RU FANs. The updated IDCe is form-fit-function compatible with
the previous IDCe, and retains its 002 part number extension.
One 2RU FAN is now supplied as standard with the IDCe.
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Slot Assignments
Figure 3-2 illustrates INU and INUe slot assignment rules.
Figure 3-2. INU and INUe slot assignments

INU

Slot 1 Slot 2 Slot 3

ue4

NCC Slot 4

Slots 1, 2, 3, 4 are universal: any RAC, DAC or AUX plug-in

Slot 4 is NPC or universal: NPC or any RAC, DAC, AUX

NCC and FAN slots are dedicated

For protected operation the RAC, or RAC/DAC 1550M pairings can be installed in any
of the universal slots

INUe
Slot1 = Slot2 < Slot3 = .
Q
5
Slot4 —— Slot5 —=— Slot6 —=—
Slot 7 Slot 8 Slot 9
@
NCC Slot 10 >

Slots 1, 2, 3, 4, 5, 6 are universal: any RAC, DAC or AUX plug-in

Slots 7, 8, 9 are restricted: any DAC or AUX (except DAC 1550M and AUX*)
Slot 10 is restricted: NPC option only

NCC and FAN slots are dedicated

For protected operation the RAC, or RAC/DAC 1550M pairings must be installed in
the positions indicated by the arrows

* Internal (backplane) NMS access is only provided for slots 1 to 6. Do not install
DAC 1550M or AUX in slots 7 to 9 if an NMS connection is required in their configuration.

Cross-Connects

All cards plug into a backplane, which carries a high-speed parallel bus to provide the
cross-connect and end-to-end circuit connectivity for traffic channels, auxiliary data,
NMS, and protection switching.

The backplane bus can operate in one of five user-programmable configurations, NxE1
(2.048 Mbps), NxDS1 (1.544 Mbps), NxDS3 (44.736 Mbps), or NxXSTM1/0C3 (155.52
Mbps).

In this way, a 9500 MXC Node can be configured to be an Ethernet, NxE1, NxDS1,
NXE3, NxDS3, or NxXSTM1/0C3 radio. Ethernet operation can be with or without
companion TDM traffic.

The traffic-handling capacity limit of the backplane for each rate is:
e 200 Mbps Ethernet for an Nx2 Mbps or Nx1.544 Mbps setting

« 300 Mbps Ethernet for an Nx150 Mbps setting

e 100 x E1 (204.8 Mbps)
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« 128 x DS1 (197.6 Mbps)

e 8 xE3 (275 Mbps)

* 6 x DS3 (268 Mbps)

* 2xSTM1/0C3 (311 Mbps)

Where a mix of different rates is required, such as NxE1 and STM1/0C3, a multiplexer
DAC enables STM1/0C3 mapping to an E1 configured bus. In this way E1 and STM1/
OC3 interfaces are supported on the same INU without the need for a stand-alone SDH
Mux.

Where Ethernet data is transported capacity (bandwidth) is assigned in 2.048 Mbps,
1.544 Mbps or 155.52 Mbps steps to align with the capacity needed for E1, DS1 or
STM1/0C3 waysides. 9500 MXC incorporates a universal modem design that does not
distinguish between the type of data to be transported, Ethernet or TDM; data is simply
mapped into byte-wide frames to provide a particularly efficient and flexible wireless
transport mechanism, with the result that when configured for Ethernet data, or
Ethernet and TDM data, the full configured capacity is available for user throughput.
The data is transported natively over the wireless link, whether Ethernet or TDM.

Figure 3-3illustrates the relationship of the plug-ins with the cross-connect function of
the backplane bus, which is managed by the NCC. An NPC option is available to provide
redundancy for this bus management and power supply functions.

Table 3-1 summarizes PDH and SDH link capacity options against the backplane
maximumes.

Table 3-2 summarizes the Ethernet link data and backplane maximumes.

While each RF path from a 9500 MXC Node can be configured support the capacities
shown, where multiple RF paths are to be established the combined total from each
path must not exceed the backplane bus maximum as defined under above.

Where more capacity is required, two or more INU/NUes are co-located and
interconnected using the DAC options.

Figure 3-3. Relationship of Plug-in Cards to the Backplane

gl

/INU RAC RAC rac| )
et
NCC —_ |
DAC AUX
/
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Table 3-1. PDH and SDH Link Options and Backplane Maximums?

Bus Rate Link Capacity Options Backplane Max.

E1 5x%, 10x, 16x, 20x, 32x%, 40x, 100x
52X, 64x, 75x, 93x, 100x

DS-1 4x, 8x, 14x, 16x, 28x, 32X, 128x
56x, 70x, 84x, 100x, 127x

DS-3 1x, 2x, 3X, 4X 6X
STM1/0C-3 | 1x, 2x

2X

Table 3-2. Ethernet Link and Backplane Maximums

Bus Rate Link Capacity Options Backplane Max.
Nx2.048 8 to 2041 Mbps 204 Mbps

Mbps

Nx1.544 6 to 154 Mbps 198 Mbps

Mbps

Nx155.52 155.5 or 311 Mbps 311 Mbps

Mbps

1. A link can be configured for a maximum 217 Mbps to support over-air

linking to an IDU ES when configured for its maximum, but the most that
can be terminated on an INU backplane is 204 Mbps.

For more information on the traffic handling maximums of a Node when used in linear
and ring network configurations, refer to Node Capacity Rules, Appendix E.

1 The Link/RAC options do not support NXE3. Where E3 trib connections are required, use the E13 mode on the DAC
3xE3/DS3M.
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Capacity and Bandwidth: PDH and SDH

The 9500 MXC INU and INUe provide configurable link (over-air) capacity and
bandwidth options up to 100xE1?, 127xDS1, 4xDS3, 2xSTM1/0C3.

Figure 3-4 shows the capacity migration options and in particular the broad coverage
provided by ODU 300 and RAC 30v3/3X combinations. Table 3-1 on page 3-5 shows
the capacity steps.

Node capacity licensing is introduced on page 11.
Figure 3-4. 9500 MXC Capacity Ranges with RAC 30 and RAC 3X
= CAPACITY =—p

ODU 300 & RAC 30 ODU 300 & RAC 3X
5xE1 75xE1 64 to 100xE1
4xDS1 100xDS1 32 to 100xDS1
DS3 4xDS3 4xDS3
STM1 STM1 2xSTM1

Modulation: QPSK ————» 256 QAM QPSK ——— > 256 QAM

Bandwidth: 2.5 MHZ ———— > 30 MHz 28/30/40/50/55/56 MHz

ODU 300 with RAC 40

RAC 40 supports Co-channel, Dual Polarized (CCDP) operation using a built-in
Cross-polarized Interference Cancellation (XPIC) function. Two links are operated on
the same radio channel, with one using the vertical polarization, the other the
horizontal.

RAC 40 operates with ODU 300hp or ODU 300ep.

RAC 40 supports:

» Two 52xE1, 64xEL, 75xE1, or STM1 links on one 28 MHz channel.

e Two 70xDS1, 84xDS1, 100xDS1 or OC3 links on one 30 MHz channel.
Figure 3-5 illustrates the capacity and bandwidth options.

2

To achieve a 100xE1 link capacity the RAC 3X 106xE1 capacity option (modem profile) is used, but a maximum

100xE1 circuits are accessible on the backplane. The 106xE1 modem profile is used to support INU to IDU ES link

compatibility.
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Figure 3-5. 9500 MXC ODU 300 Capacity Ranges with RAC 40
=P CAPACITY
ODU 300 & RAC 40

52x/64/75xE1
70/84/100xDS1

STM1

Modulation: 32/64/128QAM

Bandwidth: 28 MHz ETSI / 30 MHz ANSI

Capacity and Bandwidth: Ethernet

This section introduces the capacity and bandwidth options for the transport of
Ethernet data, or Ethernet data and companion PDH or SDH traffic.

The same RAC and ODU combinations used to transport PDH or SDH traffic are used
to transport 9500 MXC fast Ethernet and gigabit Ethernet options. These are enabled
on the DAC ES and DAC GE plug-in cards, which incorporate a layer 2 (L2) switch with
four user ports and two transport channels. The transport channels (one or both) are
cross-connected on the backplane bus to a RAC for radio transport, or to a DAC 1550M
for fiber transport.

DAC ES
DAC ES supports 10/100Base-T connections for Ethernet capacities up to100 Mbps on
one channel, or to 196 Mbps using both channels. Each channel can be mapped to a
different radio or fiber link, or to the same link.

DAC GE

DAC GE supports three 10/100/1000Base-T and one 1000Base-L X Ethernet
connections, with capacities up to 300 Mbps.

< For an Nx2 Mbps or Nx 1.5 Mbps backplane selection it supports a maximum of 200
Mbps on one channel, or a total of 200 Mbps using both channels.

« For an Nx150 Mbps backplane selection it supports 300 Mbps on one channel, or 150
Mbps per channel.

< Each channel can be mapped to a different radio or fiber link, or to the same link. (A
fiber link requires an Nx2 Mbps or Nx1.5 Mbps backplane selection).
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Capacity Assignment

The backplane bus setting of Nx2 Mbps (2.048 Mbps), Nx1.5 Mbps (1.544 Mbps) or
Nx150 Mbps (155.52 Mbps) determines the capacity multiples used to configure the
required Ethernet capacity.

The Ethernet capacities selected, along with any TDM capacity, must in turn be
supported within the radio or fiber link capacities that the traffic is cross-connected to.

The total capacity must also be supported by the backplane bus, which is particularly
relevant where two or more links are operated from one INU. One INU supports
maximums of 204 Mbps for an Nx2 Mbps selection, 154 Mbps for Nx1.5 Mbps, or 311
Mbps for Nx150 Mbps.

2 Mbps or 1.5 Mbps Backplane Selection

On aradio link multiples of 2 Mbps or 1.5 Mbps assignments are configured to
transport Ethernet, with or without E1 or DS1 side traffic, to a 200 Mbps nominal
maximum for an NxE1 backplane, or 150 Mbps for an NxDS1 backplane.

On a fiber link it is to a maximum of 130 Mbps.

This link capacity assignment between Ethernet and E1/DS1 traffic is fully scalable in
2 Mbps or 1.5 Mbps steps to optimize throughput granularity for network planning.

Figure 3-6 illustrates bandwidth assignment on a radio link for an Nx2 Mbps
backplane, demonstrating how for a selected aggregate link capacity the scaling is used
to assign Ethernet and companion E1 capacity.

Figure 3-7 illustrates the equivalent bandwidth assignment options for an Nx1.5 Mbps
backplane selection.

Figure 3-6. Ethernet versus E1 Bandwidth Assignment

Liquid Bandwidth Assignment

L)

« Select desired Ethernet capacity and
E1 wayside channels

Aggregate
Link Capacity
®® 204 Mbit/s.
0 190 Mbit/s
@@ 153 Mbit/s

130 Mbit/s

(Example) 130 Mbps aggregate
link capacity supporting:

- 100 Mbps full duplex Ethernet
- 15x E1 wayside channels

106 Mbit/s

82 Mbit/s
64 Mbit/s
41 Mbit/s
20 Mbit/s
10 Mbit/s

Total Ethernet Capacity (Full Duplex) Mbit/s

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Available E1 Wayside Channels
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Figure 3-7. Ethernet versus DS1 Bandwidth Assignment
Liquid Bandwidth Assignment

.... « Select desired Ethernet throughput and DS1 wayside channels

_.'— Look up required link capacity
Aggregate
% Link Capacity

©0® 196 Mbit/s

®® 154 Mbit/s
130 Mbit/s

©®® 108 Mbit/s

®® 86 Mbit/s

©®® 49 Mbit/s
43 Mbit/s

®® 24Mbit/s
12 Mbit/s
6 Mbit/s

(Example) 84x DS1 aggregate
link capacity supporting:

- 100 Mbps full duplex Ethernet

.. - 19x DS1 wayside channels

Total Ethernet Capacity (Full Duplex) Mbit/s

0 10 20 30 40 5 60 70 80 9 100 110 120 130
Available DS1 Wayside Channels

150 Mbps Backplane Selection

The DAC GE is required for an Nx150 Mbps backplane selection. Radio link capacity is
scalable for 1x150 Mbps, or 2x150 Mbps to support 150 Mbps or 300 Mbps Ethernet,
or 150 Mbps Ethernet with 150 Mbps assigned to an STM1/0C3 circuit.

Higher Capacities

With an Nx2 Mbps backplane one INU/INUe with one DAC ES or DAC GE supports
Ethernet capacities to 200 Mbps; 200 Mbps represents the backplane maximum and
the maximum that can be transported over one radio link. For Nx1.5 Mbps, 200 Mbps
(128x1.544 Mbps) is the backplane maximum, but 150 Mbps is the maximum that can
be transported over one radio link.

With an Nx150 Mbps backplane one INU/INUe with one DAC GE supports Ethernet
capacities to 300 Mbps, which represents the backplane maximum for Nx150 Mbps,
and the maximum that can be transported over one radio link.

Where higher Ethernet capacities are required two or more INUs are co-located to
provide parallel-path links.

The Ethernet data from each link can be held separate or link-aggregated to provide a
single high speed user interface. Such link aggregation is enabled within the DAC GE,
or on an external L2 switch. For information on DAC GE link aggregation, refer to DAC
GE on page 3-42.

Figure 3-8 summarizes the radio channel (link) options for an Nx150 Mbps selection
for Ethernet capacities from 150 to 600 Mbps. Up to 300 Mbps a single INU is used,
for higher capacities two co-located INUs are used.
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Ethernet Capacity and RF Channel Bandwidths

Figure 3-8. Ethernet Radio Path Options for 150 to 600 Mbps

(=3
33
L]
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w
=}
-

155

Ethernet Duplex Throughput Mbps

Gigabit Ethernet Transport Options

ul

. Single

Three

RF Channel Arrangement

Table 3-3 and Table 3-4 summarize ETSI and ANSI RF channel bandwidth options for
Ethernet capacity assignments from 40 to 300 Mbps. Nominal Ethernet capacities are

used.

With the RAC 40 CCDP XPIC cards, two links are operated on the same frequency

channel, one using the vertical polarization, the other the horizontal.

Table 3-3. Bandwidth, Modulation and RAC Type: ETSI

Ethernet RF Ch. BW MHz Modulation RAC
Capacity Mbps
40 14 16 QAM RAC 30
40 28 QPSK RAC 30
65 14 64 QAM RAC 30
80 28 16 QAM RAC 30
100 28 32 QAM RAC 30
130 28 64 QAM RAC 30
RAC 40
130 56 16 QAM RAC 3X
150 28 128 QAM RAC 30
RAC 3X
RAC 40
150 40 64 QAM RAC 3X
150 56 16 QAM RAC 3X
190 28 256 QAM RAC 3X
200 56 64 QAM RAC 3X
300 56 128 QAM RAC 3X
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Ethernet RF Ch. Modulation RAC
Capacity Mbps | Bandwidth MHz
40 10 64 RAC 30
40 20 16 RAC 30
40 30 QPSK RAC 30
50 20 16 RAC 30
50 40 RAC 3X
85 30 32 RAC 30
105 20 128 RAC 30
105 30 32 RAC 30
RAC 40
105 40 16 RAC 3X
130 30 64 RAC 30
130 40 32 RAC 3X
130 50 16 RAC 3X
150 30 MHz 128 QAM RAC 30
RAC 3X
RAC 40
150 40 MHz 64 QAM RAC 3X
150 40 MHz 32 QAM RAC 3X
150 50 MHz 16 QAM RAC 3X
300 50 MHz 256 QAM RAC 3X

More Information

For DAC ES, refer to DAC ES on page 3-36
For DAC GE, refer to DAC GE on page 3-42
For RAC 30/3X, refer to RAC 30V3, RAC 3X on page 3-18.
For RAC 40, refer to RAC 40 on page 3-23.

Capacity License

Node capacity is licensed according to required RAC capacity. The license is software
enabled within a compact flash card, which plugs into the right side of the NCC. The
same flash card also holds the configuration for the node and the embedded system

software.

It is the compact flash card, specifically its unique identifier, which identifies the serial
number of the Node.

For ETSI rates the base license is 40xE1 for up to 6 RACs. For North American rates the
base license is 16xDS1 for up to 6 RACs. Beyond this base, capacity is licensed on a

per-RAC basis.

Licensed capacity is field upgradable. For information on upgrading refer to Licensing,
Volume 4, Chapter 4.

3DB 23063 AEAA - Rev 005 June 2008
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RAC/0ODU Parameters and Interoperation
Table 3-5 summarizes ODU/RAC parameters for:
e ODU type: ODU 300ep and ODU 300hp.
 RAC type: RAC 30V3, RAC 3X, RAC 40.

« Tx power profile by ODU type.

e Link capacity range.

e Modulation range.

e Bandwidth range.

« Over-air interoperation.

Table 3-5. 9500 MXC Node ODU/RAC Parameters

obul Tx Power| Over-Air ODU RAC Link Capacity | Bandwidth Modulation
Compatibility?
ODU 300ep Extended | ODU 300ep, hp RAC 30 | 5xE1 to 75xE1 3.5to 30 QPSK to 256
6 to 23 GHz 4xDS1 to :cVIHz QAM
ODU 300hp | High ODU 300hp, ep 100xDS1 3Oor02DU
6 10 38 GHz 1/3/4xDS3 P
7 to 30 MHz
300hp
RAC 3X | 64/75/93/ 28 to 56 MHz | QPSK to 256
100xEL 30 to 50 MHz | @AM
32/70/84/ 40 MHz
100xDS1
28 to 56 MHz
4xDS3
1/2xSTM1/0C3
RAC 40 | 52/64/75xE1 28 MHz 64/128 QAM
70/84/ 30 MHz 32/64/128
100xDS1 28/30 MHz QAM
1xSTM1/0C3 128 QAM
1. ODU 300ep availability is restricted to the 13 'and 15 GHz bands.

2. For like band/capacity/modulation options.

For more information on Node link capacities refer to Capacity and Bandwidth: PDH and SDH on
page 3-6, and to Capacity and Bandwidth: Ethernet on page 3-7.
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Plug-in Cards

This section introduces the plug-in cards that provide Node management and service
customization.

Refer to:

< QOverview on page 3-13
e NCC on page 3-15

* FAN on page 3-17

* RAC on page 3-18

* DAC on page 3-26

* AUX on page 3-54

e NPC on page 3-58

Overview
Table 3-6 provides an overview of plug-in types and their function.

For detailed data, refer to the individual plug-ins in this section.
Table 3-6. Plug-ins Summary

Unit Description
NCC The NCC is a mandatory plug-in for each INU/INUe. It
Node Control Card performs key node management and control functions, and

provides various dc rails from the -48 Vdc input. It also
incorporates a plug-in flash card, which holds node
configuration and license data.

FAN To provide cooling, one 1RU FAN must be fitted in an INU, or
Fan Card one 2RU or two 1RU FANSs in an INUe. Each FAN is fitted with
two long-life axial fans plus monitoring and control circuits.

3DB 23063 AEAA - Rev 005 June 2008 Vol. 11-3-13



Chapter 3. 9500 MXC Nodes

Unit Description
RAC An INU may be populated with a maximum of three RACs, and
Radio Access Card the INUe up to six. Each RAC interfaces to a companion ODU

via a single 50-ohm coaxial cable.

< RAC 30 interfaces to ODU 300/hp/ep for channel
bandwidths to 28/30 MHz and capacities of 4xE1 to 75xE1,
4xDS1 to 100xDS1, 1xE3 to 4xE3, 1xDS3 to 3xDS3, or
1xSTM1/0C3.

e RAC 3X interfaces to ODU 300 for channel bandwidths 28/
30 MHz to 50/56 MHz and capacity options of:

* 64/75/93/100xE1
= 32/70/84/100xDS1
*» 4xDS3

e 1/2xSTM1/0C3

« RAC 40 interfaces with ODU 300hp/ep for co-channel XPIC
operation on a channel bandwidth of 28 MHz (ETSI) or 30
MHz (ANSI), for capacities:
= 52/64/75xE1
e 70/84/100xDS1
e 1xSTM1/0C3

DAC DACs provide customer line interface options for E1, E3, DS1,
Digital Access Card DS3,
STM1/0C3, or Ethernet:

 DAC 4x supports up to 4xE1 or DS1 tributaries.
 DAC 16x supports up to 16xE1 or DS1 tributaries.

< DAC 3xE3/DS3M supports three E3/DS3 tributaries, 2xE13
or 2xM13 multiplexer trib connections, or 2x34 Mbps E3
transparent mode connections.

« DAC 1x1550 supports one STM1/0C3 optical tributary.

e DAC 2x1550 supports two STM1/0C3 optical tributaries.

< DAC 1550M multiplexes one STM1/0C3 tributary to/from a
9500 MXC backplane configured for NXE1 or DS1, to support
concurrent SDH and PDH tributary access.

 DAC 2x155e supports two STM1 electrical tributaries.

 DAC ES supports four 10/100Base-T Ethernet ports over
one or two radio and/or fiber NXE1/DS1 transport channels

 DAC GE supports.three 10/100/1000Base-T electrical ports
and one 1000Base-LX optical port, over one or two transport
channels.Channels are configured for Nx2 Mbps, Nx1.5
Mbps, or Nx150 Mbps capacities.
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Unit Description

AUX AUX provides synchronous and asynchronous auxiliary data

Auxiliary Card channels, NMS porting, and alarm inputs and outputs. Sync
data at 64 kbps and async to 19.2 kbps.

NPC NPC provides redundancy for the NCC TDM bus management

Node Protection Card and power supply functions.

A minimum configured 9500 MXC Node would typically consist of an ODU, and an
INU populated with an NCC, FAN, RAC, and DAC.

NCC

The NCC plugs into a dedicated slot in an INU/INUe. Although the NCC is field
replaceable, it is not hot swappable unless an NPC is installed. Refer to:

e NCC Functions on page 3-15
e NCC User Interfaces on page 3-16
Figure 3-9. NCC Plug-in

NCC Functions

The NCC provides the following primary functions:
e TDM bus clock and signaling distribution

» Microprocessor control and management
DC/DC converter

Boot (start-up) flash

License and configuration flash

Network management access

Voltage and temperature levels management
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NCC User Interfaces
Figure 3-10 shows the NCC front panel layout.
Table 3-7 on page 3-16 describes the front panel interfaces.
User access is also provided on the NCC PCB for:

« A fast acting 25A tubular ceramic fuse, located behind the -48 Vdc connector.
e CompactFlash card on the right side of the PCB.

Figure 3-10. NCC Front Panel Layout

g D D [n] D 9500 MXC ﬂ 8 - S
1 2 3 4 5 6 7

Table 3-7. NCC Front Panel Descriptions

No Item/Label Description

1 Plug-in fastener Finger-grip screw-type fastener and card pull (2).

2 -48 Vdc 2-pin polarized D-series 2W2C power connector with captive
screw fasteners.

3 NMS 10/ The four RJ-45 connectors provide Ethernet network

100Base-T management access. 9500 MXC CT login to these ports requires
entry of the IP address for the INU/INUe. Ports may also used to
provide NMS connectivity to co-located 9500 MXC INU/INUes
and other Alcatel-Lucent and third party radios. Ports
auto-resolve for straight or cross-over cables.

4 Ethernet orange Orange flashing LED indicates Ethernet receive activity. Off

LED indicates no receive activity. (Fitted to each RJ-45 NMS
connector)

5 Ethernet green Green LED indicates connection of an Ethernet link. Off indicates

LED no Ethernet link connection. (Fitted to each RJ-45 NMS
connector)

6 Maint V.24 RJ-45 connector provides a V.24 serial interface option for CT
access. Includes a default IP address, which means knowledge
of the INU/INUe IP address is not required at login.

7 Test LED Provides indications of:

Off INU/INUe power off.
Green Normal operation.
Orange INU/INUe is in a test/diagnostic mode, for
flashing example, loopbacks are set.
Status LED Status LED provides indications of:
Off INU/INUe power off
Green Normal operation
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No Item/Label Description
Orange Configuration not supported or software /
flashing hardware incompatible
Red Critical alarm
FAN

One 1RU FAN card is required for an INU.
One 2RU or two 1RU FAN cards are required for an INUe.

e The current production IDCe (INUe chassis) supports both 1RU and 2RU FANSs but
is supplied standard with a 2RU FAN.

The FAN isfield replaceable and can be hot swapped. Its removal will not interrupt user
traffic.

The FAN plug-in holds two long-life axial fans. Fan operation is temperature controlled
and is performance monitored by the NCC. Under normal conditions one fan operates,
cycled between the two fans. Both fans will operate if the first fan fails to keep the
temperature below a preset threshold.

The LED is off (no illumination) for normal operation. Red indicates a critical FAN
alarm.

Figure 3-11. Fan Plug-in
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RAC

RAC 30V3,

Different RAC versions provide support for capacity and bandwidth options up to
2xSTM1/0C3.

» Available are RAC 30V3, RAC 3X, and RAC 40.

< Up to three RACs can be fitted in the INU universal slots, and six in the INUe.

» Paired RACs/ODUs are used for protected and co-channel operation.

* RAC:s are field replaceable and hot swappable. They are not frequency dependent.

¢ An INU/INUe can be installed with a mix of RAC versions (RAC 30V3, RAC 3X, RAC
40)

Refer to:
* RAC 30V3, RAC 3X on page 3-18
* RAC 40 on page 3-23

RAC 3X

RAC 30V3 is the intermediary between the digital baseband and ODU 300 for
capacities from 5xE1/4xDS1 to STM1/0C3, with channel bandwidths up to 28/30
MHZz. It incorporates Reed Solomon FEC encoding with interleaving, and adaptive
equalization.

RAC 3Xis physically similar to RAC 30V3 and is the intermediary between the digital
baseband and ODU 300 for channel bandwidths from 28/30 to 50/56 MHz, for
capacity options of:

* 64/75/93/100xEL, 1/2xSTM1
» 32/70/84/100xDS1, 4xDS3, 1/2x0C3

RAC 3X FEC incorporates Reed Solomon encoding with interleaving, Viterbi encoding,
and adaptive equalization.

Refer to:

¢ RAC Capacity and Bandwidth Options
e Typical Link Delay Times

* RAC Front Panel Layout
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Figure 3-12. RAC 30V3 Plug-in

RAC Capacity and Bandwidth Options

Depending on capacity/bandwidth options, modulation rates are programmed for
QPSK, 16QAM, 32QAM, 64QAM, 128QAM, or 256QAM.

Table 3-8 on page 3-20 lists the ETSI capacity, modulation, and bandwidth options for
RAC 30V3 and RAC 3X.

Table on page 3-20 lists North American (ANSI) Common Carrier options.

3DB 23063 AEAA - Rev 005 June 2008 Vol. 11-3-19



Chapter 3. 9500 MXC Nodes

Table 3-8. RAC ETSI System Options

Capacity Modulation | Channel BW | RAC 30v2 | RAC 30v3 RAC 3X
MHz

4xE1 QPSK 7 X

5xE1 QPSK 7 X X

8xE1 QPSK 13.75/ 14 X

10xE1 QPSK 13.75/ 14 X X

16xE1, 1xE3 QPSK 27.5/728 X

20xE1 QPSK 27.5/28 X X

4xE1 16QAM 3.5 X

5xE1 16QAM 3.5 X X

8xE1 16QAM 7 X

10xE1 16QAM 7 X X

16xE1, 1xE3 16 QAM 13.75/ 14 X

20xE1 16 QAM 13.75/ 14 X X

32xE1, 2xE3 16 QAM 27.5/28 X

40xE1 16 QAM 27.5/728 X X

64XE1 16 QAM 55 /56 X

75xE1, 1xSTM1 16 QAM 55/ 56 X

48xE1, 3xE3 32 QAM 27.5/28 X

52xE1 32 QAM 27.5/28 X X

16xE1, 1xE3 64 QAM 7 X X

32xE1 64 QAM 13.75/ 14 X X

64xE1 64 QAM 27.5/28 X X

100xE1 1 64 QAM 55/56 X

1xSTM1 64 QAM 40 X

75xE1, 1xSTM1 2 | 128 QAM 27.5/28 X X X

4AXE3 128 QAM 27.5/728 X

100xE1 128 QAM 40 X

2xSTM1 128 QAM 55 /56 X

93xE1 256 QAM 27.5/28 X

1. The actual over-air capacity is 106xE1, but the backplane bus limits terminations to 100xE1. The
106xE1 capability supports over-air compatibility with the IDU ES.
2. For RAC 30v3 an enhanced gain option is provided for this capacity (STM1). See below.

RAC 30v3 Enhanced System Gain Option for STM1 and OC3

An enhanced system gain option is provided for RAC 30v3 for 1xXSTM1/128 QAM and
1xOC3/128 QAM. This is in addition to the standard option provided for this capacity/
bandwidth.

< The enhanced system gain option improves Rx threshold and system gain by 1.5dB
compared to the standard 1xSTM1 option.
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e The enhanced system gain option only applies to the RAC 30v3.

e The enhanced system gain option requires compatible 9500 MXC software at both
ends of the link. For STM1, the SW must be release 3.7 or later. For OC3 the software
must be release 4.3 or later. If the software is not compatible, use the standard
option.

Table 3-9. RAC ANSI Common Carrier System Options

Capacity Modulation | Channel BW | RAC 30v2 | RAC 30v3 | RAC 3X
MHz

4xDS1 QPSK 5 X X

8xDS1 QPSK 10 X X

16xDS1 QPSK 20 X X

28xDS1 QPSK 30 X X

32xDS1 QPSK 40 X

1xDS3 QPSK 30 X

4xDS1 16 QAM 2.5 X

8xDS1 16 QAM 5 X X

16xDS1 16 QAM 10 X X

28xDS1, 1xDS3 16 QAM 20 X X

32xDS1 16 QAM 20 X X

70xDS1 16 QAM 40 X

84xDS1 16 QAM 50 X

100xDS1 16 QAM 50 X

1xOC3 16 QAM 50 X

8xDS1 32 QAM 3.75 X X

56xDS1 32 QAM 30 X

70xDS1 32 QAM 30 X X

84xDS1 32 QAM 40 X

100xDS1 32 QAM 40 X

28xDS1/1xDS3 64 QAM 10 X X

84xDS1, 3xDS3 64 QAM 30 X X

4xDS3 64 QAM 40 X

1x0C3 64 QAM 40 X

16xDS1 128 QAM 5 X X

100xDS1 128 QAM 30 X X

1x0C3 128 QAM 30 X X X

4xDS3 256 QAM 30 X

2x0C3 256 QAM 50 X
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Typical Link Delay Times

The delay times listed in the following tables reflect typical one-way link delays.

Table 3-10. Link Delay Times for RAC 30V3: ETSI Rates

RAC 30V3 ms
5E1,7M,QPSK 1.1

10E1,14M,QPSK 0.63
10E1,7M,16Q 0.63
20E1,28M,QPSK 0.41
20E1,14M,16Q 0.42
40E1,28M,16Q 0.3

52E1,28M,32Q 0.27
64E1,28M,64Q 0.26
75E1,28M,128Q 0.25
1STM1,28M,128Q | 0.13

Table 3-11. Link Delay Times for RAC 3X: ETSI Rates

RAC3X

ms

64E1,56M,16Q
75E1,56M,16Q
1STM1,56M,16Q
1STM1,40M,64Q
1STM1,28M,128Q
2STM1,56M,128Q
2STM1,50M,256Q

Table 3-12. Link Delay Times for RAC 3X: ANSI Rates

RAC3X

0.34
0.31
0.19
0.19
0.19
0.13

0.13

ms

32DS1,40M,QPSK
70DS1,40M,16Q
84DS1,50M,16Q
84DS1,40M,32Q
100DS1,50M,16Q
100DS1,40M,32Q
10C3,50M,16Q
10C3,40M,64Q

0.65
0.45
0.45
0.45
0.4

0.4

0.19

0.19
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RAC3X ms
10C3,30M,128Q 0.19
20C3,50M,256Q 0.13

RAC Front Panel Layout
Figure 3-14 shows the front panel layout. Table 3-13 describes the interfaces.
Figure 3-14. RAC 30V3 Front Panel Layout
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Table 3-13. RAC 30V3 and RAC 3X Front Panel Description

No Item/Label Description
1 Plug-in Finger-grip screw-type fastener and card pull (2).
fastener
2 On-Line LED On-Line LED provides indications of:
Off INU off-line or ODU transmit muted
Green RAC is online with transmit or receive active!
Red No receive signal from the ODU
Status LED Status LED provides indications of:
Off INU power off
Green Normal operation
Orange Configuration not supported, or software /
flashing hardware in(:ompatible2
Red Critical RAC or ODU alarm?
3 ODU connector | SMA type for ODU jumper cable connection

1. The transmit active or receive active criteria supports all configurations including diversity where one
RAC is transmitting and receiving and the other receiving only.

2. Includes situations where the slot configuration does not support the plug-in, or the plug-in requires
a later/different version of system software.

3. Includes alarm situations caused by component or power supply failure and transmit or receive path
failure.

RAC 40

With the exception of its CCDP XPIC capability and the capacity/bandwidth options
supported, RAC 40 operation is similar to RAC 30.

RAC 40 SW Compatibility

From SW 4.0 a modem profile selection capability supports over-air compatibility
between Standard and Legacy RAC 40 operation.
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e For SW release 3.4 the modem profile for the RAC 40 in the horizontal plane was
changed to improve performance. It was also changed in the vertical plane, but only
for a 64xE1 capacity selection.

« A RAC 40 operating with SW prior to 3.4 has a ‘Legacy’ modem profile.
* A RAC 40 operating with SW from 3.4 has a ‘Standard’ modem profile.

e A RAC 40 with a Legacy profile will not communicate with a RAC 40 that has a
Standard modem profile.

e With 4.0 SW and later a capability is provided to support over-air compatibility by
allowing selection between Legacy or Standard modem profiles.

< This is capability is only used during the SW upgrade process where the INU/
INUe at one end is loaded with 4.0 or later, and the other end is still running 3.3
or earlier.

« When both ends are running 4.0 SW or later, RAC 40s auto-configure both ends
to Standard.

From SW release 4.0 the ‘Standard’ RAC 40 modem profile is used in all
instances, except where operation with an INU/INUe running SW 3.3 or
earlier is required.

Protected RAC 40 operation is essentially the same as for non-protected, but where a
conflict occurs, the decision falls in favour of the Standard modem profile.

For more information, refer to RAC 40 under Link/Ring Configuration Procedure,
Volume 1V, Chapter 7.

RAC 40 System Options

Refer to Table 3-14 for system options. Note that the capacity supported on one RF
channel is double the capacity listed in the table; one RAC 40 link is operated on the
vertical polarization, the other on the horizontal.

Table 3-14. RAC 40 System Options: ETSI and ANSI

Capacity Channel Bandwidth Modulation
52xE1 27.5/ 28 MHz 32 QAM
64xE1 27.5/ 28 MHz 64 QAM
75xE1 27.5/ 28 MHz 128 QAM
1xSTM1 27.5/28 MHz 128 QAM
70xDS1 30 MHz 32 QAM
84xDS1 30 MHz 64 QAM
100xDS1 30 MHz 128 QAM
1x0C3 30 MHz 128 QAM

When used to transport Ethernet data the nominal equivalent Ethernet capacity per
RAC 40 is:
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* Nx 2 Mbps to 150 Mbps for ETSI, or
* Nx1.5 Mbps to 150 Mbps for ANSI, or
e 150 Mbps for 1xSTM1 or OC3.

XPIC typically provides up to a 20+ dB improvement in polarization discrimination.
The actual improvement will depend on the native discrimination provided at antenna
alignment, and any reduction of this discrimination caused by atmospheric effects
(fading). RAC 40s may also be used in 2+2 hot standby or diversity configurations to
provide protected co-channel paths using paired RACs and ODUs on the horizontal and
vertical polarizations. Equal-loss couplers must be used with the protected ODUs.

For information on RAC 40 operation and applications refer to Co-channel Operation
on page 3-84

RAC 40 FEC incorporates Reed-Solomon encoding with interleaving, plus Viterbi
encoding.

Figure 3-15. RAC 40 Plug-in

Figure 3-16 shows the front panel layout. Table 3-15 describes the interfaces.
Figure 3-16. RAC 40 Front Panel Layout

wm»
RAC 40 O On-Line o — @
@ o S

XPIC In XPIC Out
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Table 3-15. RAC 40 Front Panel

No Item/Label Description
1 Plug-in Finger-grip screw-type fastener and card pull (2)
fastener
2 On-Line LED On-Line LED provides indications of:
Off INU off-line or ODU transmit muted
Green RAC is online with transmit or receive active!
Red No receive signal from the ODU
Status LED Status LED provides indications of:
Off INU power off
Green Normal operation
Orange Configuration not supported, or software /
flashing hardware incompatible2
Red Critical RAC or ODU alarm®
3 XPIC In/Out SMB type for XPIC cross-connect cables
connectors
4 ODU connector | SMA type for ODU jumper cable connection

1. The transmit active or receive active criteria supports all protected configurations where one RAC is
transmitting and receiving and the other receiving only.

2. Includes situations where the slot configuration does not support the plug-in, or the plug-in requires
a later/different version of system software.

3. Includes alarm situations caused by component or power supply failure and transmit or receive path
failure.

DAC

DACs provide the intermediary between customer interfaces and the digital backplane.

« Different DACs support different circuit rates and formats. Refer to:

DAC 4x on page 3-27

DAC 16x on page 3-28

DAC 3xE3/DS3M on page 3-29

DAC 1x1550 and DAC 2x1550 on page 3-31
DAC 1550M on page 3-32

DAC 2x155e on page 3-35

DAC ES on page 3-36

DAC GE on page 3-42

¢ DACs can be installed in any of the universal slots in an INU or INUe, and in
restricted slots in the INUe.

e DACs are field replaceable and hot-swappable.

e Most DACs can be protected. The protectable DACs are DAC 3XxE3/DS3M, DAC
1x1550, DAC 2x1550, DAC 1550M, DAC 2x155e. Not protectable are DAC 4x, DAC 16x
and the Ethernet DACs. For information on DAC protection, refer to:
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e DAC/Tributary Protection on page 3-76
e Tributary Protection, Volume 1V, Chapter 7.
« Node Protection Configuration, Volume IV, Chapter 8.
« For data on trib cable wiring and connector pin-outs, refer to Appendix C.

« For information on DAC loopbacks refer to Loopback Points in Volume 1V,
Chapter 15.

< For information on the integrated PRBS generator and BER test function refer to
PRBS Generationin Volume IV, Chapter 15.

e For information on auto AIS/PRBS15 insertion in LOS (loss of signal) conditions,
refer to Auto Insertion of AIS or PRBS on Tribs, Volume IV, Chapter 15.

DAC 4x
DAC 4x supports up to 4xE1 or 4xDS1 tributaries.

e E1 options are 75 ohm unbalanced or 120 ohms balanced.

« DS1 encoding options are AMI or B8ZS. Line impedance is fixed at 100 ohms
balanced.

Each tributary is accessed via an RJ-45 connector, and cable sets are available, as
accessories, to provide:

e RJ-45 to BNC male unbalanced.
¢ RJ-45 to RJ-45 balanced, straight or crossover.

« RJ-45 to unterminated for balanced wire wrap or punch-down insulation
displacement connection.

Figure 3-17 shows the DAC 4x front panel layout. Table 3-16 describes the interfaces.
Figure 3-17. DAC 4x front panel layout
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Table 3-16. DAC 4x Front Panel Description

No Item/Label Description
1 Plug-in fastener Finger-grip screw-type fastener and card pull (2).
2 Status LED Status LED provides indications of:
Off INU power off
Green Normal operation
Orange Configuration not supported, or software /
flashing hardware incompatiblel
Red Critical alarm: Trib LOS or SW/HW failure
3 Trib. connector 4xRJ-45 type connectors for tributary cable connection
assembly
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1. Includes situations where the slot configuration does not support the plug-in, or the plug-in requires
a later/different version of system software.

DAC 16x

DAC 16x provides up to 16xE1 or 16xDS1 tributaries.
< Eloptions are 75 ohm unbalanced or 120 ohms balanced.

« DS1 encoding options are AMI or B8ZS. Line impedance is fixed at 100 ohms
balanced.

Two Mini RJ-21 connectors provide the customer interface, and cable sets are
available, as accessories, to provide:

e Mini RJ-21 to sixteen BNC male, unbalanced. Provides connection for eight tribs.

* Mini RJ-21 to eight RJ-45, balanced, straight, or crossover. Provides connection for
eight tribs.

« Mini RJ-21 to unterminated tails for balanced wire wrap or punch-down insulation
displacement connection. Provides connection for eight tribs.

Figure 3-18. DAC 16x Plug-in

DAC 16x plugs into any of the INU/INUe universal slots. However, because the
tributary cables extend to the right (viewed from front), it is recommended that slots to
the right side of the INU/INUe are used to avoid impairing access to other plug-ins.

Figure 3-19 shows the DAC 16x front panel layout. Table 3-17 describes the interfaces.
Figure 3-19. DAC 16x Front Panel Layout
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Table 3-17. DAC 16x Front Panel Description

No Item/Label Description
1 Plug-in fastener Finger-grip screw-type fastener and card pull (2).
2 Status LED Status LED provides indications of:
Off INU power off
Green Normal operation
Orange Configuration not supported, or software /
flashing hardware incompatible!
Red Critical alarm: Trib LOS or SW/HW failure
3,4 Trib. connector RJ-21 type connectors for tributary cable connection

1. Includes situations where the slot configuration does not support the plug-in, or the plug-in requires
a later/different version of system software.

DAC 3xXxE3/DS3M
A DAC 3xE3/DS3M may be configured for:

3xE3/DS3 trib access.

An E13 or M13 multiplexer to multiplex 1x/2x E3 or 1/2x DS3 customer interfaces to/
from an E1 or DS1 backplane.

Transparent (unframed) E3 operation to support 1/2x34 Mbps interfaces.

Operational functions supported include:

E3 or DS3 transport. Supports one, two or three E3 or DS3 tribs on a backplane bus
setting of E3 or DS3 respectively.

E13 multiplexer, where one or maximum two E3 tributaries (Tx/Rx 1 and Tx/Rx 2)
are multiplexed to an E1 backplane bus, each as 16xE1, in accordance with G.703,
G.742 and G.751. Operation is compatible with industry standard E13 multiplexers,
meaning that at the E3 destination a 3rd party E13 multiplexer can be used. Allows
side-by-side transport with other E1 traffic over a 9500 MXC link.

M13 multiplexer, where one or maximum two DS3 tributaries (Tx/Rx 1 and Tx/Rx 2)
are multiplexed to a DS1 backplane bus, each as 28xDS1, in accordance with T1.102
and T1.107. Operation is compatible with industry standard M13 multiplexers,
meaning that at the DS3 destination a 3rd party M13 multiplexer can be used. Allows
side-by-side transport with other DS1 traffic over a 9500 MXC link

E3 transparent, unchannelised transport for ATM and video (e.g. MPEG2 video) E3
streams. Each of the two transparent E3 interfaces (Tx/Rx 1 and

Tx/Rx 2) provides a 34.368 Mbps connection for transport as 17xE1 over a 9500
MXC NxE1 network. Allows side-by-side transport with other E1 traffic over a 9500
MXC link.

The three E3/DS3 trib ports are presented as paired 75 ohm, unbalanced, mini BNC
female connectors.

Trib cables are available, as accessories, to provide:

Mini BNC male to mini BNC male; two required per trib.
Mini BNC male to standard BNC male; two required per trib.
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DAC 3xE3/DS3M plugs into any of the INU/INUe universal slots. (Within an INUe but
where access to NMS overhead is required for a ring-closure application, it must be
fitted in slots 1 to 6).

Where protection of the DAC is required (line protection), two DAC 3xE3/DS3M
plug-ins can be installed and splitter Y-cables fitted to provide extensions to BNC male
connectors.

Figure 3-20 shows the DAC 3xE3/DS3M front panel layout. Table 3-18 describes the
interfaces.

Figure 3-20. DAC 3xE3/DS3M Front Panel
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Table 3-18. DAC 3xE3/DS3M Front Panel Description

No Item/Label Description
1 Plug-in Finger-grip screw-type fastener and card pull (2).
fastener
2 On-Line LED On-Line LED provides indications of:
Off INU power off
Green DAC is online communicating with a remote DAC
3XE3/DS3M
Red DAC is off-line
Status LED Status LED provides indications of:
Off INU power off
Green Normal operation
Orange Configuration not supported, or software /
flashing hardware incompatible!
Red Critical alarm: Trib LOS or SW/HW failure
3 Trib Three mini-BNC Tx/RX female connector pairings for 75 ohm
Connectors unbalanced tributary connection.
For E13/M13 Mux and E3 Transparent the two trib interfaces are
provided on Tx1/Rx1 and Tx2/Rx2. Tx3/Rx3 is not used - is not
active.
The standard E3 format is HDB3, and the electrical interface
meets requirements defined in ITU G.703.
The standard DS3 format is B3ZS, and the electrical interface
meets requirements defined in ITU G.703 and ANSI T1.102.

1. Includes situations where the slot configuration does not support the plug-in, or the plug-in requires
a later/different version of system software.
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DAC 1x1550 and DAC 2x1550
DAC 1x1550 provides access for one STM1/0C3, 155 Mbps optical tributary.
DAC 2x1550 is identical except it supports two 155 Mbps tribs for twice the capacity.
Operation is transparent to SDH or SONET frame information:

e They incorporate a transparent, non-regenerative architecture; there is no internal
clock source / re-synchronization implementation. They are intended for
ADM-to-ADM linking where the ADMs provide the clock recovery and signal re-sync
options.

e DAC 1x1550 and DAC 2x1550 should not installed back-to-back (trib
interconnected) over more than 2 hops of 9500 MXC (not more than one
DAC-DAC repeated hop).

< However, there is no practical limit to the number of radio link hops
(RAC-t0o-RAC) between the DACs.

DAC 1x1550 and DAC 2x 1550 require an STM1/0C3 INU/INUe backplane bus setting.
It plugs into any of the INU/INUe universal slots, and in the INUe restricted slots.

The connectors are SC type, and cable options are available, as accessories, for
extension to SC to FC types. SC-SC attenuator cables options are also available.

The receive-level range is -31 dBm (max sensitivity) to -7 dBm (max input power). The
transmit level range is: Min -15 dBm to Max -8 dBm.

The SDH optical line code is Binary Scrambled NRZ (Non Return to Zero).

Where protection of the DAC is required (line protection), two DAC 1x1550 or DAC
2x1550 plug-ins can be installed and splitter Y-cables fitted to provide an extension to
single SC Tx and Rx connectors.

Figure 3-21. DAC 1550 Plug-in

Figure 3-22 shows the DAC 1x1550 front panel layout. Table 3-19 on page 3-32
describes the interfaces.
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Figure 3-22. DAC 1x1550 Front Panel Layout
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Table 3-19. DAC 1x1550 Front Panel Description

No Item/Label Description
1 Plug-in Finger-grip screw-type fastener and card pull (2).
fastener
2 Status LED Status LED provides indications of:
Off INU power off
Green Normal operation

Orange flashing  Configuration not supported, or software /
hardware incompatible

Red Critical alarm: Trib LOS or SW/HW failure

3 Trib. connector | SC type single mode optical connector

DAC 1550M

The DAC1550M functions as a terminal multiplexer; it terminates or originates the
SDH/SONET frame. It does not support interconnection of ADMs as there is no
provision to transport the STM1/0C3 overheads nor ADM to ADM synchronization
over the NxE1 or NxDS1 link transport circuits.

The primary applications are:
e Connection of a 9500 MXC Super-PDH network to an SDH core network.
¢ Ring closure on a 9500 MXC Super-PDH ring using optical cable.

DAC 1550M multiplexes one line-side STM1/0C3, 155 Mbps optical tributary to/from
a 9500 MXC backplane configured for NxE1 or NxDS1.

e On the line side the DAC 150M supports interoperability with external SDH or
SONET multiplexers.

< Options are provided for VC3 or VC4 mapping of lower-order backplane E1/DS1
traffic streams to/from STM1. SONET mapping is fixed.

e SDH with VC3 framing: Three VC3s are mapped into an STM1 signal, each
containing up to 21xVC12 or 28xVC11. In turn each VC12 contains 1xE1, and each
VC11 1xDS1.

e SDH with VC4 framing: VC4 directly maps up to 63xVC12 or 84xDS1 into an
STML1 signal. In turn each VC12 contains 1xE1, and each VC11 1xDS1.

e SONET with STS1 framing: Three STS1s are mapped into a SONET signal, each
containing 28xVT1, or 21xVT2. In turn each VT1 contains 1xDS1, and each VT2
IXEL.

e Trip port numbering within the STM1/0C3 frame conforms to G.707.
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« Mapping options are provided for bit asynchronous or transparent virtual tributary
(TVT) modes. Bit asynchronous is selected on all circuits except those carrying
Ethernet data, where TVT mode is required.

« Clocking options are provided for recovered-clock and internal. These options apply
to the external line-side connection of the DAC 1550M to another DAC 1550M or to
an ADM.

¢ NMS may be transported within the MSOH or RSOH, access to which is provided
within the NMS bytes on the INU backplane.

Figure 3-23. DAC 1550M Plug-in

The connector assembly is an LC type on an SFP (small formfactor pluggable)
transceiver module, and cable options are available, as accessories, for extension to SC
or FC types. LC-LC attenuator cable options are also available.

Where protection of the DAC is required (line protection), two DAC 1x1550M plug-ins
can be installed and splitter Y-cables fitted to provide extensions to single Tx and Rx
LC connectors.

When installed in an INUe, it must be located only in slots 1 to 6 when NMS transport
over the DAC 1550M is required. If NMS access is not required (no NMS transport over
the DAC 1550M), the DAC 1550M may also be installed in slots 7 to 9.

Figure 3-24 shows the DAC 1550M front panel layout. Table 3-20 describes the
interfaces.

Figure 3-24. DAC 1550M Front Panel Layout
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Table 3-20. DAC 1550M Front Panel Description

No Item/Label Description
1 Plug-in Finger-grip screw-type fastener and card pull (2).
fastener
2 On-Line LED On-Line LED provides indications of:
Off INU power off
Green DAC is online communicating with a remote DAC
1550M
Red DAC is off-line
Status LED Status LED provides indications of:
Off INU power off
Green Normal operation
Orange Configuration not supported, or software /
flashing hardware incompatible1
Red Critical: Trib LOS or SW/HW failure
3 Optical LC type plug-in transceiver module
connector

1. Includes situations where the slot configuration does not support the plug-in, or the plug-in requires
a later/different version of system software.

The tributary port is provided on a pluggable, modular, single-mode LC transceiver.
Two different modules are available; Short range and long range. Both are designed to
meet Class 1 eye safety.

« Short range specifies a minimum input power of -34 dBm (max. sensitivity), and a
maximum input power of -0 dBm (saturation). Transmit level is maintained between
-15dBmand -8 dBm limits. Center wavelength is maintained between 1261 and 1360
nm. It supports fiber spans up to 15 km.

« Long range specifies a minimum input power of -35 dBm (max. sensitivity), and a
maximum input power of -0 dBm (saturation). Transmit level is maintained between
-5 dBm and 0 dBm limits. Center wavelength is maintained between 1260 and 1355
nm. It supports fiber spans up to 40 km.

Figure 3-25 shows the plug-in optical transceivers.

Figure 3-25. Optical transceiver modules
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DAC 2x155e

DAC 2x155e supports one or two STM1, 155 Mbps electrical tributaries. The trib
interfaces are paired, 75 ohm, unbalanced, BNC female connectors.

Operation is transparent to SDH or SONET frame information:

 Itincorporates a transparent, non-regenerative architecture; there is no internal
clock source / re-synchronization implementation. It is intended for ADM-to-ADM
linking where the ADMs provide the clock recovery and signal re-sync options.

* DAC 2x155e should not installed back-to-back (trib interconnected) over more
than 2 hops of 9500 MXC (not more than one DAC-DAC repeated hop).

< However, there is no practical limit to the number of radio link hops
(RAC-t0-RAC) between the DACs.

BNC male to BNC male tributary cables are available, as accessories; two required per
trib.

DAC 2x155e plugs into any of the INU/INUe universal slots.
Operation is transparent to SDH or SONET frame information.
The SDH electrical line code is CMI (Coded Mark Inversion) as defined in G703.

Where trib protection is required, two DAC 2x155e plug-ins can be installed and splitter
Y-cables fitted to provide extensions to single BNC male connectors.

Figure 3-26. DAC 2x155e

Figure 3-27 shows the DAC 2x155e front panel layout. Table 3-21 describes the
interfaces.
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Figure 3-27. DAC 2x155e Front Panel Layout
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Table 3-21. DAC 2x155e Front Panel Description

No Item/Label Description
1 Plug-in Finger-grip screw-type fastener and card pull (2).
fastener
2 Status LED Status LED provides indications of:
Off INU power off
Green Normal operation
Orange flashing  Configuration not supported, or software /
hardware incompatible!
Red Critical alarm: Trib LOS or SW/HW failure
3 Trib connectors | Two BNC Tx/RX female connector pairings for 75 ohm unbalanced
tributary connection.

1. Includes situations where the slot configuration does not support the plug-in, or the plug-in requires

a later/different version of system software.

DAC ES

DAC ES is a Fast Ethernet plug-in. Refer to:
< DAC ES Description on page 3-36
* Mode of Operation on page 3-38

e Transport Channel Parameters on page 3-39

» Basic Port Settings on page 3-39

 Priority Mapping on page 3-40
< Flow Control on page 3-40

« Disable Address Learning on page 3-41

e Maximum Frame Size on page 3-41

« Diagnostics on page 3-41

e DAC ES Front Panel Layout on page 3-41

DAC ES Description

The DAC ES supports transport of Fast Ethernet traffic. Four 10/100Base-T ports are
connected to one or two transport channels for transmission over a 9500 MXC link,

with channel capacity configurable in increments of 1.5 Mbps or 2 Mbps to a maximum
of 100 Mbps per channel.

DAC ES features include:

Extremely low latency;
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« Programmable switching fabric: transparent mode, VLAN (secure) mode, or mixed
mode;

e Capacity increments of Nx1.5 Mbps or Nx2 Mbps;
< Mapping of traffic to radio or fiber links;

« Ethernet traffic can be configured to ride side by side with PDH E1/DS1 traffic, or the
full capacity of a link can be dedicated to Ethernet.

e Comprehensive QoS policing and prioritization options (802.1p);
e Flow control through 802.3x pause-frame option;

e Frames sizes to 1536 bytes;

e Comprehensive RMON and performance indicators;

« Compatibility with the DAC GE (from SW release 3.6).

Figure 3-28. DAC ES Plug-in

Figure 3-29 illustrates basic operational blocks within the DAC ES. Four RJ-45
customer ports connect to an Ethernet switch, which provides the bridge/switch and
gueueing functions between the ports and two transport channels. The gate array
(FPGA) provides signal framing and the interface to the backplane bus, with software
selection of the number of E1 or DS1 circuits (Ethernet data capacity) used to transport
the Ethernet traffic over each transport channel, which may be on a RAC or DAC
1550M.

TThe DAC ES MAC address register supports 2048 entries (from SW release 4.3).

Preamble stripping is used; the frame preamble (8 bytes) is stripped at the Tx end of
the link and re-inserted at the far end. It's benefit is most noticeable with small frame
sizes where the preamble represents a more significant part of the total frame size.
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Figure 3-29. DAC ES Block Diagram
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Mode of Operation

DAC ES supports three operational modes, transparent, mixed or VLAN:
Transparent Mode

This is the default, broadcast mode; all ports and channels are interconnected. It
supports four customer connections (ports 1 to 4) with bridging to two separate
transport channels (C1 or C2).

Figure 3-30. Transparent Mode Port and Channel Assignment

®
®

Use only C1 or C2 over the same radio or fiber path. C1 and C2 may be used to support
two back-to-back links where each channel is assigned to its own RAC (or RAC and
DAC 1550M). Transparent Mode is applicable to ring networks using 9500 MXC
ring-wrap protection, with one channel is assigned to the east, the other to the west.

Mixed Mode

Mixed Mode supports two network interconnections where P1-C1 provides dedicated
transport for P1 traffic. A second transparent/broadcast mode connection is provided
with P1, P2, P3 and C2 interconnected.

Figure 3-31. Mixed Mode Port and Channel Assignment

®
®

The two channels can be assigned on the same link or used to support separate links.
Mixed Mode is particularly applicable to east and west links in an IP ring where
alternate-path protection is provided by an external RSTP switch.
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VLAN Mode

VLAN Mode supports four separate network interconnections - each is held separate
from the other. VLAN 1 is the same as for Mixed Mode, where dedicated transport is
provided for port 1 traffic. For Ports 2, 3 and 4, three separate VLANs (VLANs 2, 3 and
4) are supported over C2, with internal VLAN tagging of the packets ensuring correct
end-to-end matching of ports over the link.

Figure 3-32. VLAN Mode Port and Channel Assignment

@

The two channels would normally be assigned on the same link, but can be used to
support separate links.

Transport Channel Parameters
Selection is provided for channel type and capacity on a per-channel (C1, C2) basis:

e Capacity Type provides selection of NxE1 or NxDS1 transport channels, which
must match the backplane bus configuration.

« Channel Capacity provides selection, per channel, of Ethernet capacity in
multiples of 2 Mbps (2.048 Mbps) or 1.5 Mbps (1.544 Mbps):

e For Nx2 Mbps the maximum capacity per channel is 98 Mbps.

Both channels can be sent over the same link to support two separate LAN
connections of up to 98 Mbps each, or used to support a ring network?, with one
98 Mbps channel to the west, the other to the east.

e For NxDS1 the maximum channel capacity for one channel is 100 Mbps.

Using both channels the maximum configurable capacity is 172 Mbps due to a
112x circuit maximum within the DAC ES (112x1.544 Mbps).

Both channels can be sent over the same link to support two separate LAN
connections of up to 86 Mbps each, or used to support separate links in an 86
Mbps ring network.

< Where both channels are to be sent over the same link, the aggregate total cannot
exceed 150 Mbps for RAC 30 or RAC 40. For higher aggregate capacities (to the
aggregate maximum of both DAC ES channels) use RAC 3X.

Basic Port Settings
Customer selection/confirmation is provided for the following port parameters:
Enabled
A port must be enabled to allow traffic flow.
Name
A port name or other relevant port data can be entered.

Connection Type and Speed

3 Applies to RSTP protected ring/mesh networks using an external RSTP switch.
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Provides selection per-port of auto or manual settings for half or full duplex operation
on speeds of 10 Mbps or 100 Mbps. In auto, the DAC ES self-sets these options based
on the traffic type detected.

Interface Cable Type

Provides selection per port of auto or manual settings for the interface cable type; Mdi
or MdiX (straight or cross-over cable respectively).

Priority

Provides selection per-port of priority options low, medium low, medium high, and
high. This prioritization only has relevance to ports using a shared channel. Ports with
a higher priority have their data accepted by the queue controller ahead of the lower
priority ports on a 8:4:2:1 weighted basis where, for example, 8 high priority packets
are sent for every one low priority packet.

Port Up

Indicates that a valid Ethernet connection with valid Ethernet framing has been
detected.

Resolved

Indicates the DAC ES has resolved a connection for speed-duplex.

Priority Mapping

Provides selection of queue-controller operation for the following options. This
selection applies to all ports.

« Port Default allows priority to be set on a per-port basis (priority options low to high
- see Basic Port Settings above). It ignores any 802.1p VLAN priority tags or IP
DiffServ priority values. This selection only has application where two or more ports
share a common channel.

« 802.1p provides prioritization based on the three-bit priority field of the 802.1p
VLAN tag. Each of the possible eight tag priority values are mapped into a four-level
(2-bit) priority level.

« DiffServ provides prioritization based on the six bits of the IP packet DiffServ or Type
of Service byte. Each of the possible 64 levels are mapped into a four-level (2-bit)
priority level.

« 802.1p-then-DiffServ provides prioritization based first on the 802.1p VLAN tag,
and then on the DiffServ or Type of Service byte.

« DiffServ-then-802.1p provides prioritization based first on the IP packet DiffServ or
Type of Service byte, then on the 802.1p VLAN tag.

Flow Control

Flow Control is an option for full-duplex links only. It is implemented through use of
IEEE 802.3x PAUSE frames, which tell the remote terminal to stop or restart
transmission to ensure that the amount of data in the receive buffer does not exceed a
‘high water mark’.

< The receiver signals to the transmitter to stop transmitting until sufficient data has
been read from the buffer, triggered by a ‘low water mark’, at which point the receiver
signals to the transmitter to resume transmission.
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« To be effective, flow control must be established from the originating source through
to the end point, and vice versa, which means the equipment connected to the DAC
ES ports and beyond should also be enabled for flow control.
Disable Address Learning

Address Learning is default implemented to support efficient management of Ethernet
traffic in multi-host situations. The option to disable Address Learning is primarily for
use in a ring network where protection for the Ethernet traffic is provided by an
external RSTP switch. To avoid conflict between the self-learning functions within the
DAC ES and the external RSTP switch during path failure situations, the DAC ES
capability must be switched off.

Maximum Frame Size

Maximum Frame Size sets the largest size frame for the interface, which determines the
largest datagram than can be transmitted without it being broken down into smaller
units (fragmented). Although CT indicates settable frame sizes from 64 to 1536 bytes,
it currently supports sizes of 1518/1522, or 1536 bytes (1518 for non-tagged frames,
1522 for tagged frames).

Diagnostics

CT diagnostics screens capture Ethernet performance and history. The data for DAC ES
includes:

e Port/channel status.
« Configured capacities.
< Graphed current Rx and Tx throughputs and discards per port and channel.

< Graphed historical Rx and Tx throughputs, frame type and discards per port and
channel.

 Historical statistics per port and channel.

e Comprehensive RMON performance statistics per port and channel.
« Event history.

For more information refer to Volume 1V, Chapter 15 for:

« System/Controls DAC ES and DAC GE Menu

» Ethernet Performance

« History Screen: Ethernet

DAC ES Front Panel Layout
Figure 3-33 shows the DAC ES front panel layout. Table 3-22 describes the interfaces.
Figure 3-33. DAC ES Front Panel Layout
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@ Status Port 1-4 10/100Base-T
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Table 3-22. DAC ES Front Panel Descriptions

No Item/Label | Description

1 Plug-in Finger-grip screw-type fastener and plug-in pull (2).
fastener

2 Status LED Status LED provides indications of:

Off INU power off

Green Normal operation

Orange flashing Configuration not supported, or software /
hardware incompatible1

Red Critical alarm?

3 RJ-45 Port Four RJ-45 connectors labelled Ports 1 to 4 provide 10/100Base-T
Connector access to customer networks. Internally, the interface implements an
Assembly ethernet bridging/switching function. Each RJ-45 port connector

includes Activity and Connection LEDs:
Ethernet Orange flashing LED indicates Ethernet receive activity. Off indicates
orange LED no receive activity.
Ethernet Green LED indicates connection of an Ethernet link. Off indicates no
green LED Ethernet link connection.
1. Includes situations where the slot configuration does not support the plug-in, or the plug-in requires

a later/different version of system software.
2. Indicates a traffic-affecting hardware failure.

DAC GE
The DAC GE is a Gig-Ethernet plug-in. Refer to:
e DAC GE Description on page 3-42
« DAC GE Modes of Operation on page 3-45
e DAC GE Transport Channels on page 3-48
e DAC GE Basic Port Settings on page 3-48
e DAC GE Priority Mapping on page 3-49
< DAC GE Flow Control on page 3-49
« DAC GE Disable Address Learning on page 3-50
 DAC GE Maximum Frame Size on page 3-50
e Link Aggregation on page 3-50
* RWPR on page 3-52
* VLAN Tagging on page 3-53
« Ethernet Diagnostics on page 3-53
e DAC GE Front Panel Layout on page 3-53

DAC GE Description

The DAC GE plug-in supports transport of Gigabit Ethernet LAN traffic. Three 10/100/
1000Base-T ports and one SFP 1000Base-L X optical transceiver port are connected to
one or two 155 Mbps transport channels for transmission over a 9500 MXC link.
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Features include:

Extremely low latency, less than 360 microseconds for 2000 byte packets;

Programmable switching fabric transparent mode, VLAN (secure) mode, or mixed
mode;

Capacity increments of Nx1.5 Mbps, Nx2 Mbps, or Nx150 Mbps;
Mapping of traffic to radio or fiber links;

Ethernet traffic can be configured to ride side by side with PDH E1/DS1 traffic, or the
full capacity of a link can be dedicated to Ethernet.

Comprehensive QoS policing and prioritization options (802.1p);
VLAN tagging (VID and priority mapping).

QinQ (802.1ad);

RWPR™ enhanced RSTP (802.1d);

Layer 2 link aggregation (802.3ad), and layer 1 link aggregation;
Flow control through 802.3x pause-frame option;

Jumbo frames to 9600 bytes;

Comprehensive RMON and performance indicators;

Compatibility with the DAC ES for Nx1.5 Mbps and Nx2 Mbps traffic selections (from
SW release 3.6).

Figure 3-34. DAC GE Plug-in

Figure 3-35 illustrates the DAC GE basic operational blocks. Three RJ-45 10/100/
1000Base-T ports and one SFP (Small Form-factor Pluggable) Optical 1000Base-X
port connect to an Ethernet switch, which provides the bridge/switch and queueing
functions between the ports and two transport channels, C1 and C2. The gate array
(FPGA) provides signal framing and the interface to the backplane bus, which provides
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the channel interconnection to a link (RAC or DAC 1550M). The backplane bus can be
configured for E1, DS1 or STM1/0C3 operation. With E1 or DS1 selections Ethernet
traffic can be configured to ride side by side with PDH E1/DS1 traffic, or the full
capacity of a link can be dedicated to Ethernet. The DAC GE MAC address register
supports 8192 entries.

e The switch analyzes the incoming Ethernet frames for source and destination MAC
addresses and determines the output port/channel over which the frames will be
delivered.

« Payload throughputs are determined by the configured port and channel speeds
(bandwidth), QoS settings, and internal and external VLAN information.

< Ethernet throughputs supported on the two transport channels depend on the
backplane bus setting:

e Fora2 Mbps/ Elor 1.5 Mbps / DS1 backplane the channel capacity selections
support:

<A maximum of 200 Mbps on one channel (C1 or C2), or 200 Mbps total using
both channels.

«Capacity selections are made in multiples of 1.5 Mbps or 2 Mbps.
e For an STML1 backplane the channel capacity selections support:
*150 Mbps on channel C1 or C2
«300 Mbps on channel C1 or C2
«150 Mbps on both C1 and C2
Figure 3-35. DAC GE Block Diagram

(2}
2
o
- Ethernet
RJ-45 Ports Switeh <l
10/100/1000Base-T § > Port2 Mode Transport|  FPGA
RQSOTSP Channels | Bus Interface | [
-+ Aggregation c2
SFP Optical Port
1000Base-LX ¢ uP

Table 3-23. SFP Optical Port Specifications

Wavelength: 1310 nm

Maximum launch -3 dBm

power:

Minimum launch -9.5 dBm

power:

Link distance Distances to 10 km / 6 miles with 9/125
um optical fiber; 550m / 600 yards with
50/125 pm or 62.5/125 pm fiber

NOTE: Nominal throughputs in Mbps are generally used. For example a 150 Mbps or
300 Mbps throughput has a measured maximum for a 1518 byte frame of 152 or 308
Mbps respectively.
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DAC GE Modes of Operation

DAC GE supports three operational modes, transparent, mixed or VLAN, which
determine the port-to-port and port-to-channel relationships within the L2 switch.

RWPR-enhanced RSTP may be enabled with transparent, mixed or VLAN modes,
though for most applications transparent is selected.

Transparent Mode

Transparent Mode supports options for layer 2 (L2) link aggregation, where traffic on
transport channels, or on channels and ports is aggregated onto a common user
interface with a capacity that is the sum of the individual link capacities.

For information on layer 2 and layer 1 link aggregation refer to Link Aggregation on
page 3-50.

e Transparent Mode with Aggregation Disabled

This is the default, broadcast mode. With link aggregation disabled all ports and
channels are interconnected. It supports four customer LAN connections (ports 1 to
4) with bridging to two separate transport channels (C1 or C2).

Figure 3-36. Transparent Mode with Aggregation Disabled

Made of Operation:

®
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Edit Agaregation..
®

To avoid a traffic loop only C1 or C2 is used over the same radio path. C1 and C2
may be used where the DAC GE supports two back-to-back ring links where one
channel is assigned to the east, the other to the west.

e Transparent with Aggregation

Options are provided to select channel and/or port aggregation.

A channel selection applies where C1 and C2 to are each to be mapped to a RAC or
DAC 1550M in the same INU as the DAC GE. A typical application is the co-channel
XPIC assignment of two 150 Mbps links to provide a 300 Mbps aggregate capacity
over one 28 MHz or 30 MHz radio channel.

A channel plus port selection applies where the link or links to be aggregated are
installed on separate, co-located INUs.

e Two INUSs, each with a DAC GE and a RAC 3X are used to provide a 600 Mbps
aggregate capacity.

e Three INUs are used to provide a 900 Mbps aggregate capacity.

Aggregation weighting refers to the way the aggregation keying process allocates
traffic between the aggregated link grouping. 16 keys are provided and traffic is
randomly assigned to a key. With two aggregated links of equal capacity the
weighting (number of keys) should be split 8/8. With three aggregated links of
equal capacity the split should be 5/5/6. The aggregation weights must be assigned
such that they always total 16.

Balanced aggregation weights are default applied, but where one of the aggregated
links is of different capacity, such as a 300 Mbps link aggregated with a 150 Mbps
link, the weighting on the 300 Mbps link should be set to 11, and to 5 on the 150
Mbps link.
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Figure 3-37 illustrates C1 and C2 aggregation; traffic on channels C1 and C2 is

aggregated and bridged to ports P1 to P4 to support a common LAN on all ports.
The default weighting applied is 8/8.

Figure 3-37. Transparent Mode with C1 and C2 Aggregation
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Aggregation weights must total 0 or 16.

Figure 3-38illustrates C1, C2 and P1 aggregation, and the use of customized
aggregation weighting for an application where C1 and C2 are each mapped to a 150
Mbps link, and P1 to a 300 Mbps link on a co-located INU. 8 keys are assigned to
the 300 Mbps, and 4 to each 150 Mbps link.
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Figure 3-38. Transparent Mode with C1, C2 and P1 Aggregation
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Mixed Mode

Mixed Mode provides a two-LAN solution where LAN P1-C1 provides dedicated
transport for port 1 traffic. A second transparent/broadcast mode LAN connection is
provided with P1, P2, P3 and C2 interconnected.

Figure 3-39. Mixed Mode Port and Channel Assignment

Mode of Operation:
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Normally the two channels would be assigned on the same path, but they may be used
to support east and west paths in a ring network using an external RSTP switch, where
Clis assigned to one direction and C2 to the other.
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VLAN Mode

VLAN Mode supports four separate LANs. LAN 1 is the same as for Mixed Mode, where
dedicated transport is provided for port 1 traffic. For ports 2, 3 and 4, three separate
(virtual) LANs (VLANSs 2, 3 and 4) are multiplexed to C2, with internal tagging of the
packets ensuring correct end-to-end matching of LANs over the link.

Figure 3-40. VLAN Mode Port and Channel Assignment
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Normally the two channels would be assigned on the same path, but they may be used
to support east and west paths in a ring network using an external RSTP switch, where
Clis assigned to one direction and C2 to the other.

DAC GE Transport Channels

Channel Type
Channel type is selected for 2 Mbps, 1.5 Mbps or 150 Mbps.

e With a 2 Mbps or 1.5 Mbps backplane selected, DAC GE is compatible with DAC ES
(DAC GE at one end of the link and DAC ES at the other.

e With 2 Mbps or 1.5 Mbps backplane selected, DAC GE traffic can be mapped to a
RAC, or to a DAC 1550M for a fiber link.

 ARAC 30 or RAC 40 supports throughputs to 150 Mbps
e A RAC 3X supports throughputs to 200 Mbps
e The DAC 1550M supports throughputs to130 Mbps

< With 150 Mbps backplane selected, DAC GE traffic can only be mapped to a RAC 30
or RAC 40 for 150 Mbps, or to a RAC 3X for 300 Mbps.

Channel Capacity4

Channel capacity is selected on a per-channel basis (C1, C2):

« Channel capacity provides selection of one or two transport (link) channels.

e The maximum assignable capacities5 for one channel or over both channels are:
e 200 Mbps in 2 Mbps (2.048 Mbps) steps
e 196 Mbps in 1.5 (1.544 Mbps) steps
e 300 Mbps in 150 Mbps (155.52 Mbps) steps

DAC GE Basic Port Settings

Supports the following port parameters:

4

Nominal capacities are generally used to represent Ethernet capacities, for example the maximum assignable

capacity of 204.8 Mbps (100x 2.048 Mbps) is shown as 200 Mbps.

5

Note that 200 Mbps also represents the backplane capacity maximum for an INU/INUe configured for an Nx2 Mbps

or Nx1.5 Mbps backplane. Similarly, 300 Mbps represents the backplane maximum for an Nx150 Mbps backplane

setting.
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Enabled

A port must be enabled to allow traffic flow.

Name

A port name or other relevant port data can be entered.
Speed-Duplex

Provides selection per-port of auto or manual settings for speed, and half or full duplex
operation.

Interface Type

Provides selection per port of auto or manual settings for the physical interface. The
manual settings are Mdi or MdiX (straight or cross-over respectively).

Priority

Provides a four-level, low, medium-low, medium-high or high priority setting for each
port. This prioritization only has relevance to ports using a shared channel. Priorities
are fair-weighted to ensure that low priority traffic gets some bandwidth when
availability is restricted.

Port Up
Indicates that a valid Ethernet connection with valid framing has been detected.
Resolved

Indicates auto-resolution of speed and duplex for an Auto or 1000 Mbps selection.

DAC GE Priority Mapping

Provides selection of queue-controller operation for the following options. This
selection applies to all ports.

< Port default. Enables the setting of a four-level port priority on each of the four
ingress ports. See DAC GE Basic Port Settings above.

« 802.1p provides prioritization based on the three-bit priority field of the 802.1p
VLAN tag. Each of the possible eight tag priority values are mapped into a four-level
(2-bit) priority level. Mapping is user configurable.

« DiffServ provides prioritization based on the six bits of the IP packet DiffServ or Type
of Service byte. Each of the possible 64 levels are mapped into a four-level (2-bit)
priority level. Mapping is user configurable.

< No priority. Incoming packets are passed transparently.

DAC GE Flow Control

Flow Control is implemented through use of IEEE 802.3x PAUSE frames, which tell the
terminal node to stop or restart transmission to ensure that the amount of data in the
receive buffer does not exceed a ‘high water mark’.

« The receiver signals to the transmitter to stop transmitting until sufficient data has
been read from the buffer, triggered by a ‘low water mark’, at which point the receiver
signals to the transmitter to resume transmission.

* To be effective, flow control must be established from the originating source through
to the end point, and vice versa, which means the equipment connected to the DAC
GE ports and beyond should also be enabled for flow control.
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DAC GE Disable Address Learning

Address Learning is default implemented to support efficient management of Ethernet
traffic in multi-host situations. The option to disable Address Learning is for use in a
ring network where protection for the Ethernet traffic is provided by an external RSTP
switch. To avoid conflict between the self-learning functions within the DAC GE and
external RSTP switches during path failure situations, the DAC GE capability must be
switched off.

DAC GE Maximum Frame Size

Maximum Frame Size sets the largest size frame for the interface, which determines the
largest datagram than can be transmitted without it being broken down into smaller
units (fragmented). The DAC GE supports jumbo-frames to 9600 bytes; configurable
range is 64 to 9600 bytes.

Link Status Propagation

Link Status Propagation is enabled to enhance rapid detection by externally-connected
equipment of the status of a DAC GE channel. 1t does so by capturing the channel status
(up/down) on the DAC GE ports to force a port shutdown in the event of a channel
failure, such as a radio link failure. A port shutdown is immediately detected by the
connected equipment.

For example, when operating with an external RSTP switch, a failure on a DAC GE
transport channel is reflected directly to the external user device through a DAC GE
port shut-down to support improved link failure detection times for these devices,
compared to the times needed for conventional hello time-out or polling time-out using
control frames.

It also applies to DAC GE L2 link aggregation, when co-located INUs are installed to
provide the physical links. Link aggregation functionality depends directly on the
aggregated port status to confirm the operational status of the aggregated link.

For more information on link status propagation, refer to Procedure for DAC GE
Configuration, Volume 1V, Chapter 7.

Link Aggregation

Link aggregation brings together two or more links to support a single interface with a
traffic capacity that is the sum of the individual link capacities.

Link aggregation also supports redundancy. If one link fails, then capacity available on
the remaining link or links is shared. While the reduced bandwidth may result in some
traffic loss for low-priority traffic, it should ensure security for all higher priority traffic.

For 9500 MXC two modes of link aggregation can be configured with the DAC GE, layer
2 (L2) or layer 1 (L1):

« L2 link aggregation uses source and/or destination MAC address data in the
Ethernet frame MAC/LLC header to determine which traffic stream is to be
forwarded over which link.
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e The assignment (load balancing) of traffic between links generally ensures that
traffic is distributed equitably so that no one link is overwhelmed. The weighting
mechanism used operates well where there are many MAC sessions in play.
However it is not effective where one source/destination MAC address is in play,
such as between two routers, and has limited effectiveness where a few (less than
10) concurrent sessions are in play, especially so where one or two traffic streams
dominate throughput on one link.

e The weighting mechanism operates with link aggregation keys (LAKS), where 16
such keys are split between the aggregated channels, and/or ports. In turn, traffic
(MAC sessions) are randomly assigned to a LAK.

¢ Normally (default), the 16 LAKSs are split evenly, or near-even for an odd-number
split, between the aggregated channels and/or ports. For example where two
channels are configured for link aggregation 8 LAKSs are assigned to each; for two
channels and one port, 6 LAKSs are assigned to the port and 5 to each of the
channels.

e CT provides a tool to customize this splitting of LAKs between channels and ports,
which has particular application where links of different capacities are used. For
example to provide even (near even) load balancing between a 300 Mbps link and
a 150 Mbps link, 10 LAKSs can be assigned to the 300 Mbps link, and 6 to the 150
Mbps link. The number of LAKSs assigned must always total 16.

< In this way two, three, or four links may be link-aggregated to provide an
aggregated maximum up to1000 Mbps.

e L2 link aggregation is enabled within the DAC GE Operational Mode settings.

< L1link aggregation uses the circuit cross-connects on the INU/INUe backplane bus
to split DAC GE transport channel traffic between two separate links.

« Ethernet traffic is split equally between the link timeslots on a byte basis (parallel
bus) meaning data within an Ethernet frame is transported across both links.

< Links do not need to be configured for equal capacity.

e Compared to L2 aggregation it provides optimum payload balance regardless of
the throughput demands of individual user connections. Whether there is one, a
few or many concurrent sessions, traffic is always split between the links based on
the configured capacity of the links.

< In the event one link is lost its traffic is assigned to the remaining link.
e Oneor both DAC GE transport channels can be configured for L1 link aggregation.

L2 and L1 link aggregation can be deployed in tandem. For example where two DAC
GEs are used to support four co-path links, L1 aggregation can be used for transport
channel aggregation, and L2 for aggregating the traffic between the DAC GEs.

For applications where just two physical links are to be aggregated L1
aggregation is recommended as it supports equitable loading (load
balancing) regardless of the number of data sessions in play. It also
supports higher burst speeds compared to L2 aggregation.

For more information on aggregation refer to Link Aggregation on page 7-66, Volume
1V, Chapter 7.
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RWPR

RWPR is enhanced (fast-switched) RSTP. The ring network topology is established
and maintained using RSTP, but with RWPR the reconvergence times are reduced to
carrier-class standards.

« While the topology change mechanism under RWPR is identical to that specified for
RSTP within IEEE 802.1D-2004, the process used to initiate a topology change is
accelerated using the RWPR rapid failure detection (RFD) algorithm to bypass the
normal RSTP time-out period associated with Hello BPDUs (bridge protocol data
units).

e The end result is that when a 9500 MXC link (point-to-point link) in an RWPR
network fails (SW, equipment, path, or diagnostic failure event), it triggers the
RWPR RFD algorithm, which immediately forces an RSTP switch-port state from
discarding to forwarding, and from that point forward, RSTP action manages the
topology change.

RFD (the RFD algorithm) is a patent-pending product. It accelerates the normal
processes used to achieve RSTP switching on an Ethernet ring/mesh to bring typical
service restoration or re-convergence times of 2 to 5 seconds down to as low as 50 ms.

e The RFD mechanism inserts an end-to-end link monitoring signature into the
transport channel VC (virtual container) at 500 us intervals. This signature allows
each end to rapidly detect a link status change at the local end and to provide
feedback to the far-end. Capacity/bandwidth dependent thresholds are established
to prevent oscillations or false alarms on noisy channels. The signature elements are
related to a radio’s BER, AlS, ES and SES, but not directly.

e The failure detection algorithm provides an end-to-end solution. It is agnostic to the
number of hops required by the transport channel to get the payload across the radio
link(s).

« The failure detection algorithm resolves both unidirectional and bi-directional
failures.

« The failure detection algorithm operates autonomously in its detection of a failure. It
does not depend on other alarms or signals available in the system to determine a
failure. The algorithm is also independent of the presence of payload traffic.

« The failure detection algorithm also automatically recovers from a failure. The
protocol used for failure detection remains in operation (attempting to re-establish
communication with the far-end) after a failure takes place. This allows the
algorithm to recover automatically when the link is restored.

RSTP. OnaDAC GE, two or more channels/ports are enabled as RWPR (RSTP) bridge
ports, the bridge is assigned a priority, and each port is assigned a cost and a priority to
assist RSTP election of a root switch, and root and alternate ports. When a ring path
failure has been detected (RFD), the RSTP topology change mechanism forces the
following action:

< On the immediately affected switches (DAC GEs), link port states that were
‘discarding’ are moved to ‘forwarding’, and this triggers a BPDU with a topology
change notification (TCN) message. It also MAC flushes these ports.

* When a BPDU with TCN flag is received from its neighbor switch, it MAC flushes all
link (non-edge) ports except the one that it received the TCN on. It then on-sends the
BPDU with the TCN flag to its designated ports and root port (except for the one it
received the TCN on).

« In this way the topology change mechanism is propagated rapidly through the
network.
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For more information on RWPR settings refer to DAC GE Configuration, Volume 1V,
Chapter 7.

VLAN Tagging

DAC GE supports 802.1q tagging with menus for selection of VLAN tagging modes, and
priority settings for tagged-traffic. Diagrams assist understanding of the tagging action
for each mode.

The tagging options are Do Nothing, Q-in-Q, or 802.1q. Selections are made on a
per-port basis.

« With Q-in-Q, frames with existing tags are tagged (double tagged).
« With 802.1q untagged frames are tagged.

e The tagging options of Q-in-Q and 802.1q are only available for Transparent mode
and on ports P2 to P4 for Mixed mode. Do Nothing is fixed for VLAN mode and for
P1 of Mixed mode

A VLAN ID can be entered (range O to 4095) or left as default.

A VLAN membership filter is also provided. Only VLAN IDs within the membership
range are allowed to transit the relevant port/channel.

With this VLAN tagging capability, DAC GE can tag, 802.1p prioritize, and aggregate
LAN traffic from two, three or four ports onto a common trunk/channel. At the far end
of the DAC GE trunk, which may be over multiple hops, the options are to remove the
VLAN tags applied by DAC GE, or allow them to be retained intact for VLAN traffic
management at downstream devices.

Ethernet Diagnostics

CT diagnostics screens capture Ethernet performance and history. The data for DAC
GE includes:

e Port/channel status.
« Configured capacities.
e Graphed current Rx and Tx throughputs and discards per port and channel.

« Graphed historical Rx and Tx throughputs, frame type and discards per port and
channel.

 Historical statistics per port and channel.

« Comprehensive RMON performance statistics per port and channel.
e Event history.

For more information refer to Volume 1V, Chapter 15 for:

« System/Controls DAC ES and DAC GE Menu

» Ethernet Performance

» History Screen: Ethernet

DAC GE Front Panel Layout
Figure 3-33 shows the DAC GE front panel layout. Table 3-22 describes the interfaces.

3DB 23063 AEAA - Rev 005 June 2008 Vol. 11-3-53



Chapter 3. 9500 MXC Nodes

Figure 3-41. DAC GE Front Panel Layout
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Table 3-24. DAC GE Front Panel Descriptions

No Item/Label | Description

1 Plug-in Finger-grip screw-type fastener and plug-in pull (2).
fastener

2 Status LED Status LED provides indications of:

Off INU power off

Green Normal operation

Orange flashing Configuration not supported, or software /
hardware incompatible!

Red Critical alarm?

3 RJ-45 Port Three RJ-45 connectors labelled Ports 1 to 3 provide 10/100/
Connector 1000Base-T access to customer networks. Internally, the interface
Assembly implements an ethernet bridging/switching function. Each RJ-45 port

connector includes Activity and Connection LEDs:
Ethernet Orange flashing LED indicates Ethernet receive activity. Off indicates
orange LED no receive activity.
Ethernet Green LED indicates connection of an Ethernet link. Off indicates no
green LED Ethernet link connection.

4 SFP Port Small Form-factor Pluggable optical transceiver port. LC connector.

1. Includes situations where the slot configuration does not support the plug-in, or the plug-in requires

a later/different version of system software.
2. Indicates a traffic-affecting hardware failure.

AUX

The AUX plug-in provides user-configurable auxiliary data channels, and alarm input
and output (1/0) options.

e Up to three AUX plug-ins may be installed in an INU; six in an INUe.

e For an INUe, the AUX must only be installed in slots 1 to 6 when NMS access is
required. If NMS via AUX is not required, the AUX may also be installed in slots 7 to
9.

e Refer to:
e Auxiliary Interfaces on page 3-55
e Alarm 1/0 Interfaces on page 3-56
e AUX Front Panel on page 3-58
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Figure 3-42. AUX Plug-in

Auxiliary Interfaces

Three auxiliary interfaces are provided. Each may be configured in 9500 MXC CT for
synchronous 64 kbps data or serial data to 19.2 kbps.

< Synchronous conforms to TIA/EIA-422 / V.11 at 64kbps, with selectable clock. The
source of the transmit clock can be set to internal (provided by the auxiliary card) or
external (provided by the user). For an external clock, channel synchronization is
supported by a selectable clock phase (rising or dropping edge of the clock pulse).

e Asynchronous conformsto TIA/EIA-562 (electrically compatible with RS-232 / V.24
but via a DB-15 connector rather than a DB-9)

< Asynchronous baud rates are 1200, 2400, 4800, 9600, or 19200bps with the
following format options:

1 start, 7 data, 1 parity, 2 stop
1 start, 8 data, 1 parity, 1 stop
1 start, 8 data, no parity, 2 stop
1 start, 9 data, no parity, 1 stop
1 start, 7 data, 1 parity, 1 stop
1 start, 7 data, no parity, 2 stop
1 start, 8 data, no parity, 1 stop
Refer to:
« Auxiliary Applications
e Auxiliary Data and NMS Functions
« Installation and Operation
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Auxiliary Applications

Intended applications are:
e Transport of 3rd party NMS (or other data) over a 9500 MXC network.

e Transport of 9500 MXC NMS over a 3rd party network to a remote 9500 MXC node
or network.

Auxiliary Data and NMS Functions

Two data function options are provided on a per-port basis, Data and NMS:
Data Option

Customer auxiliary data is transported within one of up to six discrete 64 Kbps link
overhead ports (channels) on each link (RAC or DAC 1550M).

Data type can be configured for asynchronous V.24/RS-232, or synchronous V.11/
RS-422.

The channels share the same overhead as the NMS and INU-INU internal
communication.

At intermediate sites, each channel must be re-directed to the next RAC, or DAC
1550M. (An AUX is not required at intermediate sites).

At the destination site, each channel is directed to the required port on the AUX
plug-in.

NMS OPtion

9500 MXC NMS is provided for transport over a 3rd party network to a remote 9500
MXC node/network, where it must be ported back in via an AUX.

The data type is default configured for synchronous V.11/RS-422, 64 kbps.

Installation and Operation

For a RAC 30V3, RAC 3X or RAC 40, the maximum radio link overhead capacity is 512
kbps, of which a minimum 128 kbps is required for NMS transport. This leaves a
maximum 384 kbps (6x 64 kbps) available for auxiliary data transport.

Each end of the link auto-negotiates on the link overhead to assign the maximum
available capacity to NMS. When no auxiliary traffic is present, the full overhead is
assigned to NMS; when one channel is used 448 kbps is assigned to NMS; for two
channels 384 kbps is assigned to NMS, and so on to a minimum 128 kbps.

e For a DAC 1550M, the maximum overhead capacity is 512 kbps, but is only available
when the MSOH (Multiplexer Section Overhead) NMS option is selected. If NMS
data is assigned to the RSOH (Regenerator Section Overhead), the total NMS
overhead is 192 kbps, meaning just one auxiliary data channel can be configured.

Alarm 1/0 Interfaces

The AUX plug-in provides up to 6 TTL alarm inputs and up to 4 Form C relay outputs.
The configuration options are:

e 2 TTL alarm inputs and 4 Form C relay outputs
e 4 TTL alarm inputs and 2 Form C relay outputs
e 6 TTL inputs only (default configuration)
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Refer to:

e Alarm Inputs

e Alarm Outputs

e Alarm Application

Alarm Inputs

The active state of each TTL alarm input is configurable to be active if the voltage on the
input is high, or active if the voltage is low. The alarm software detects a change in the
state of each input circuit, and raises or clears an input accordingly. The nominal alarm
polling rate is 1 second. Fleeting changes are ignored.

« Input state changes are captured in the event log as an alarm.
e TTL input thresholds are specified at 2V min high, and 0.8V min low. High voltage
(spike) protection to 48V is included.
Alarm Outputs

The output relays may be configured to be energized or de-energized on receipt of an
alarm event.

Both normally closed and normally open contacts are available on the 1/0 connector.
State changes are captured in the event log as an informational event.

Relay contact specifications:

e Maximum Voltage 250 Volts

e Maximum Current 2 Amps

« Maximum Power 60 Watts

Note: These are maximum values, which require de-rating if the relay is to be used for
frequent-switch applications.

The contact voltage must be restricted to less than 60 Volts for compliance
with SELV regulations.

Maximum current specification applies up to 30 Volts

Alarm Application
Events are mapped to outputs:

« Individual AUX alarm inputs or internal alarm events may be mapped to any output
within the network.

e Multiple input or internal events may be mapped to a common output.

< Mapping isachieved using IP addressing for the destination node, plus a slot location
and output number for the AUX plug-in.
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AUX Front Panel
Figure 3-43. AUX Front Panel Layout

©

Table 3-25. AUX Front Panel Descriptions

No Item/Label | Description
1 Plug-in Finger-grip screw-type fastener and plug-in pull (2).
fastener
2 Status LED Status LED provides indications of:
Off INU power off
Green Normal operation
Orange flashing Configuration not supported, or software /
hardware incompatible!
Red Critical alarm?
3 Alarm 1/0 DSUB 15 connector. Refer to Appendix E for pinout and alarm 1/0
connector cable data.
4 Auxiliary DSUB 26 connector. Refer to Appendix E for pinout and AUX cable
connector data.
1. Includes situations where the slot configuration does not support the plug-in, or the plug-in requires

a later/different version of system software.
2. Indicates a data-affecting hardware failure.

NPC

The NPC provides a protection option for the NCC with backup for TDM bus
management (bus clock), and power supply. One NPC can be installed per INU/INUe.

The NPC protects tributary and auxiliary traffic. Alarm 1/0 is not protected

< Protection switching is not hitless for a TDM bus clock failure. Restoration is within
100 ms, during which time all traffic on the node will be affected.

« Protection is hitless for a power supply failure. If the NCC converter or one of its
supply rails fails, the NPC will take over without interruption. And vice versa.

When the TDM bus clock has switched to NPC control, it will not automatically revert
to NCC control on restoration of the NCC. Return to NCC control requires either
withdrawal/failure of the NPC, or use of diagnostic commands in the System Controls
screen.
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e

There is no operational need to revert to NCC for bus clocking. If the clock
is with the NPC, and the NPC clock subsequently fails, bus clocking will
switch to the NCC.

Figure 3-44. NPC Plug-in

The NPC is field replaceable and hot-swappable (providing the NCC is on line). It plugs
into slot 4 of an INU, or slot 10 of an INUe.

An INU/INUe must always start with a valid NCC installed; the NPC will provide
protection only after a node has been powered up.

Refer to Figure 3-45 and Table 3-26 for front panel interfaces.
Figure 3-45. NPC Front Panel Layout
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Table 3-26. NPC Front Panel Descriptions

No Item/Label Description
1 Plug-in fastener Finger-grip screw-type fastener and card pull (2).
2 Protect LED Protect LED provides indications of:
Unlit Off-line
Green On-line (providing the bus clock)
Status LED Status LED provides indications of:
Unlit INU/INUe power off
Green Ready to protect
Red Critical alarm
3 -48 Vdc connector 2-pin power connector with screw fasteners

Protected Operation

This section provides data on the Node protection options and their operation.
Refer to:
e Protection Overview on page 3-61
« Hot Standby and Diversity on page 3-62
< Dual Protection on page 3-63
¢ Ring Protection on page 3-64
e Super PDH Rings on page 3-65
e Super PDH Ring Operation on page 3-66
< 1+1 Protected Ring Links on page 3-70
e Co-channel XPIC Operation on a Ring on page 3-71
e Ethernet Traffic on a Ring on page 3-72
e DAC/Tributary Protection on page 3-76
< Protection Switching Criteria on page 3-77
< NCC Protection with NPC Option on page 3-84

For additional information on protection operation, refer to Appendix F. .
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Protection Overview

9500 MXC Node includes options for protection of hardware, radio path, tributary, and
NCC functions.

Protected operation between an INU and IDUs is not supported. Where
protected IDUs are to be used, they must be at both ends of the link.

Hardware and Radio Path Protection

RACs and ODUs are used in pairs to support hot-standby, space diversity, frequency
diversity, or ring protection.

Generally speaking path protection is about providing for protection against changes
in radio-path variables, such as anomalies caused by signal reflection over water or by
ducting. Such protection demands hitless (errorless) receive switching between the
alternate (protected) radio paths.

Hardware/equipment protection is about providing backup (alternate) hardware that
can be switched into service in the event of a hardware failure. Such protection is
generally offered with or without hitless receive operation.

« Space or frequency diversity are used for path protection. They also provide
hardware protection.

« Hot-standby is used for hardware protection.

< Ring protection is primarily used for hardware protection though through its
inherent route diversity it does provide protection against localized (single link) path
failure events. Switching of ring-protected circuits is not hitless.

9500 MXC also supports dual-protection whereby a master protection option protects
two subordinate protected links, or one protected link with one non-protected link.
9500 MXC dual protection options are:

» Frequency diversity over hot-standby
< Frequency diversity over space diversity

For more information on dual protection, refer to Dual Protection on page 3-63.

RAC / ODU Protection Partnering
RAC 30 and RAC 3X:

e Supports hot standby and diversity. Rx switching is hitless; Tx switching is not
hitless.

e Supports ring protection. Ring switching is not hitless.
RAC 40:

« Supports hot standby and diversity (protected co-channel links). Rx switching is
hitless. Tx switching is not hitless.

< Supports ring protection of CCDP XPIC ring links. Each link operates on the same
frequency channel, but as separate ring-protected links (Two concentric rings, one
on the vertical polarization, the other on the horizontal). Ring switching is not
hitless.
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Table 3-27. Primary Protection Options

Devices Protection Type
2x(RAC 30V3/ RAC 3X | Hot-standby
+ ODU 300) Diversity
Ring
4x(RAC 40 + ODU Hot-standby
300) Diversity
(Protected XPIC Ring (protected XPIC ring
co-channel) links)

Tributary Protection

E3/DS3 and STM1/0C3 DACs, may be paired to provide hot-standby tributary
protection.

The protectable DACs are:

» 2xDAC 3xE3/DS3M

2xDAC 1550 or

2xDAC 2x1550

2xDAC 2x155¢

2xDAC 1550M

Trib protection switching is not hitless.

Except for the DAC 1550M, Tx and Rx tribs are switched independently.

When a switch occurs, all tribs either Tx or RX, or Tx and Rx depending on the failure
mode, are switched together.

NCC Protection

The NPC plug-in provides protection for the NCC bus management and power supply
functions:

< Bus management switching is not hitless.
e Power supply protection is hitless.

For more information on the NPC and its protection function, refer to NPC on
page 3-58.

Hot Standby and Diversity

The INU supports three non-protected links, or one protected plus one non-protected
link. The INUe supports up to three protected links.

Two RACs and two ODUs are used for protected operation. For single-antenna
protected operation, the two ODUs are direct-mounted on a coupler, which in turn is
direct or remote mounted to its antenna.

Space and frequency diversity can be combined to provide hybrid diversity.

Receive path switching is hitless between two online-receiving RAC 30s, RAC 3Xs, and
RAC 40s.
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Transmit switching for hot-standby and space diversity is not hitless. Refer to
Hot-standby and Diversity Switching Criteria on page 3-77.

For single antenna protected operation, equal or unequal loss couplers are available:
e Equal-split has a nominal 3.5/3.5 dB loss per side.
¢ Unequal-split has a nominal 1.6 /6.4 dB insertion loss.

For more information on coupler losses, refer to Coupler Losses on page 7-17, Volume
1V, Chapter 7.

Dual Protection

Dual protection enables master protection of two subordinate protected links, or one
protected link with one non-protected link.

The dual protection options are:
e Frequency diversity over hot-standby
< Frequency diversity over space diversity

Table 3-28 summarizes the dual link protection options; two protected subordinate
links are in turn protected by a higher, frequency diversity master. All RACs (RAC 30
or RAC 3X) must be located in the same INUe. Except for the Space Diversity pairings
where two vertically separated antennas are required, a single dual-polarized antenna
can be used.

Table 3-28. Dual Protection Options

Master Subordinate Protected Link Pairings
Protection
Link A Link B
Frequency Hot Standby Hot Standby
Diversity
Hot Standby Non-protected
Space Diversity Space Diversity
Space Diversity Non-protected

Figure 3-46 illustrates the action of a frequency diversity master with subordinated
space diversity links.

« The two space diversity links are on different frequencies, F1/F1’and F2/F25,
« Both space diversity links are online transmitting.

< At any one time only one of the space diversity links is sending received data to the
INUe backplane bus.

» Master protection controls which of the two space diversity links is sending data to
the INUe backplane bus; default the secondary link under master (frequency
diversity) configuration.

6  F1/F1’ and F2/F2’ denotes Tx high and Tx low and its corresponding Rx.
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Figure 3-46. Dual Diversity (Frequency over Space) Tx and Rx Partnering
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Each of the subordinated links are first configured for the protection option required
and both must be configured for the same capacity. Subsequently the dual (master)
switch protection is applied.

Normally all RACs would be of the same type (RAC 30 or RAC 3X) but while each of
the subordinated protected links must have the same RACs one protected pair may
use RAC 30s, the other RAC 3Xs.

Each subordinated link may operate on different channel bandwidths, and/or
different frequency bands.

Each of the subordinated links operates as a normal link of that configuration and
under dual protection only one link of the two is sending received data to the INUe
backplane bus at one time.

With frequency diversity master protection both subordinated links are online
transmitting. Subordinated links (hot-standby / space diversity / non-protected)
must be configured on different frequency channels.

With a frequency diversity master switch it is possible to operate with Rx from one
protected link, and Tx to the other.

» Dual protection master switching is not hitless. Each of the two subordinated
protected links incorporate hitless (errorless) Rx path switching in the normal way,
but the master switch between the two subordinated links is not hitless. Refer to
Service Restoration Times for Dual Protection.

+ For more information refer to Additional Rules for Dual Protection in 9500 MXC CT
Volume 1V, Chapter 8.

Ring Protection

9500 MXC directly supports ring protection of NxE1 or NxDS1 traffic.

9500 MXC does not support E3/DS3 or STM1/0C3 rings. Where ring protection of
such rates is required, an external add/drop mux is required.

9500 MXC directly supports RSTP protection of Ethernet traffic in ring and mesh
networks using the DAC GE GigE plug-in.

Refer to:

e Super PDH Rings on page 3-65

Super PDH Ring Operation on page 3-66

1+1 Protected Ring Links on page 3-70

Co-channel XPIC Operation on a Ring on page 3-71

Ethernet Traffic on a Ring on page 3-72
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For information on maximum ring capacities, refer to Appendix E.

Super PDH Rings

9500 MXC Node supports protected PDH ring configurations for capacities to 75xE1 or
100xDS1, with traffic switching at the INU/INUe level. The rings are implemented by
east/west facing RAC and ODU combinations from a single node (INU/INUe). A closed
loop is formed when each node is connected to two adjacent nodes, the east and west

nodes.

North Gateway or Any-to-Any Ring Topologies are supported.

Within the protected ring there are two traffic rings, one nominated as clockwise, the
other anti-clockwise. Under normal no-fault conditions, all traffic is passed on the
clockwise primary ring.

East, west, clockwise and anti-clockwise descriptors are conventions
used to describe and configure 9500 MXC ring operation. The physical
implementation of a ring may be quite different.

In the event of a fault the secondary, anti-clockwise ring, provides the protection
capacity needed. Traffic is looped onto the secondary ring at one side of the break point,
and off at the other side, to bypass the break. This process is called wrapping.

One or more radio paths can be replaced by a fiber span using the DAC 1550M.

Hot-standby or diversity protection for ring links is scheduled, which has particular
application on long and difficult paths (paths subject to fading), using diversity
options.

Ring protection protects the payload and alarm 1/0 addressing between
nodes; ring protection does not protect auxiliary data.

North Gateway or Any-to-Any Ring Topologies

Super-PDH ring architecture supports configurations for North Gateway or
Any-To-Any topologies. With North Gateway, one of the nodes operates as the
gateway, through which all traffic on the ring is sourced and sent. For any-to-any
operation, traffic can be routed from any node in the ring to any other node. In both
modes, the E1 or DS1 circuits involved are unique on the ring (cannot be re-used within
the ring).

Most ring topologies use a single gateway where all circuits are sourced and sunk. For
such rings 64xE1 or 84xDS1 is the nominal ring maximum because of backplane
capacity limitations at the gateway, but where a ring incorporates a number of
gateways, up to 75xE1 or 100xDS1 can be ring-protected. For information on ring
capacity maximums, refer to Appendix E.
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Super PDH Ring Operation

This section addresses:

< Ring Protection Operation on page 3-66

* Ring Delay Times on page 3-68
e Double Break Operation on page 3-68

« Point-to-Point Traffic Overlay on a Ring on page 3-69

< Ring-Node Intersection on page 3-69
< Fiber Ring Closing on page 3-70

For Ethernet traffic applications, refer to Ethernet Traffic on a Ring on page 3-72

Ring Protection Operation

Figure 3-47 represents normal, no-fault operation for a super-PDH ring. It shows two
circuits in a 64xE1 ring routed clockwise around the primary ring. Data sent to the ring
on an E1 interface exits after travelling around the ring.

The secondary ring circuits are not being used, and carry pseudo-random data.

Figure 3-47. Normal No-fault Operation
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When a break occurs, the ring protection mechanism applies loopbacks at each end of
the failed E1 circuits, ‘wrapping' primary ring traffic onto the secondary ring, and
wrapping secondary back onto primary on the other side of the break. Refer to

Figure 3-48. In this example all circuits are restored.

Vol. 11-3-66

Alcatel-Lucent



9500 MXC User Manual

Figure 3-48. Ring-break Operation
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Providing the ring only experiences a single fault, all traffic is deliverable once the ring
has completed the wrapping operation.

When wrapped, the ring is left unprotected against a further failure. For this reason,
when the condition(s) that caused the wrap are removed, the ring reverts to normal
operation (restorative switching).

The revertive switch command for return to normal service is initiated
after the relevant alarms on the failed link have been cleared for a period
set by the Error-Free Timer (default 5 minutes), or by the optional Delay
Ring Unwrap Timer, which sets a time of day for an unwrap. For more
information refer to Unwrap Timers on page 3-83.

Ring wrapping and restoration is nor hitless. Refer to Ring Protection Switching
Criteria on page 3-81 for details.
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Ring Delay Times

There is no practical limit on the number of hops in a ring providing the delay times do
not become an issue. The delay is a function of ring capacity and the number of hops
on the ring; the higher the capacity, the lower the delay for the same number of hops.
Refer to Table 3-29. To avoid most instances of unacceptable delays for equipment
connected to a 9500 MXC ring, the number of hops should not exceed sixteen.

Table 3-29. Typical Ring Delay Times

Ring Capacity 20xE1 40xE1 75xE1
Delay Per Hop 0.45 ms 0.3 ms 0.25 ms

Delay for 16 Hops 7.2 ms 4.8 ms 4 ms

Double Break Operation

In the event there are two or more link failures on the ring, (adjacent, or non-adjacent
links), the traffic will wrap up to each side of the failed points to provide limited service
restoration. The node or nodes between the break points will be isolated, but where
there is an ‘sub-ring’ of isolated nodes (two or more hops), traffic will wrap up to their
node break points in the same way, to provide normal service on all circuits that have
been configured between them. Refer to Figure 3-49.

Figure 3-49. Double-break Operation
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Point-to-Point Traffic Overlay on a Ring

Point-to point overlay operation is illustrated in Figure 3-50. The additional capacity
needed for overlay is required only on the overlaid links. Overlaid traffic is not ring
protected.

Figure 3-50. Example of a Ring Network with Point-to-Point Traffic Overlay

. 32xE1 link
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B4xET links: — Point-to-point
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In this example the links between nodes C, D and E are carrying 32xE1 point-to-point
non-protected traffic as well as 32xE1 ring-protected traffic.

Ring-Node Intersection

Using the INUe, two or three rings can intersect at one node.

Figure 3-51. Example of Intersecting Rings

[ ] 32xEtring B4xE1 ring
L]
L1
Common/Node
Ring A L1
Ring B
]
[ ]
] C_1
]

As the maximum backplane bus capacity for a 9500 MXC node is 100xE1 or 128xDS1,
this sets the upper limit of the combined capacity of the rings through the node. In the
Figure 3-51 example one ring operates at 32xE1, the other at 64xE1, for acombined bus
capacity of 96xE1, leaving just 4xE1 spare capacity on the intersection Node. Refer to
Appendix E.

3DB 23063 AEAA - Rev 005 June 2008 Vol. 11-3-69



Chapter 3. 9500 MXC Nodes

Fiber Ring Closing

One or more radio links in a ring can be replaced with a span of fiber optic cable using
the DAC 1550M. It maps 63xE1 or 100xDS1 from the TDM bus directly to a single
STM1/0C3 frame, to enable fiber closures without need for external SDH/SONET
muxes.

DAC 1550M uses SFP (small form-factor pluggable) short-range or long range optic
transceiver sub-assemblies to support fiber spans to 15 km or 40 km respectively.

1+1 Protected Ring Links

An 9500 MXC Super-PDH ring protected network can be enhanced with one or more
1+1 protected links.

< 1+1 protection of a ring-protected link is normally implemented to provide path
protection as distinct from equipment protection. Therefore space diversity (SD) is
the required/recommended 1+1 protection mode’.

« One, some or all links on the ring may be 1+1 protected.

¢ An 9500 MXC ring Node may have one or both (east and/or west) ring links
configured for 1+1 protection.

< 1+1 protection may be applied to co-channel ring links.

¢ Using RAC 40s two concentric, autonomous rings of equal capacity/bandwidth
can be configured to operate on the same frequency using the V and H
polarizations.

* Where co-channel links are to be 1+1 protected, both links (V and H) must
protected.

e For more information on RAC 40 ring operation, with and without 1+1 protection,
refer to Co-channel Operation on page 3-84.

< Aring-wrap will occur when:

« The path supported by a 1+1 link exhibits a path fail condition. The path failure
switching criteria are the standard ring path failure criteria, with the exception of

the 10°® BER option®. Refer to Radio Wrap Conditions on page 3-82.

e The 1+1 link triggers an online Rx and/or Tx switch event. Refer to Hot-standby
and Diversity Switching Criteria on page 3-77.

e The 1+1 link triggers a demodulator not locked alarm on both RACs.

e The decision to unwrap is made when the ring error-free timer times out and, if set,
the time of day timer. Refer to Unwrap Timers on page 3-83.

< Ring wrap and unwrap times for 1+1 ring links are identical to 1+0 ring links. Refer
to Wrap and Unwrap Times on page 3-82.

< Event Browser entries are created for switch events on the ring and subordinate
space diversity link(s).

Figure 3-52 illustrates the protection management hierarchy where both east and west
links on a Node are space diversity.

Figure 3-53 illustrates the heirachy where one ring link is space diversity, and the other
1+0.

7 Hot-standby can be configured, but unlike space diversity offers no protection against path fade events. However,

should ring 1+1 operation with hot-standby links be required, its CT configuration is identical to space diversity.

8 For1+1 ring links the 1076 BER ring wrap/unwrap option is not supported.
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Figure 3-52. Switch Management Heirachy: SD + SD Subordinated Links
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Figure 3-53. Switch Management Heirachy: SD + 1+0 Link
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A ring wrap occurs when the path provided by the space diversity link
fails, or a Tx or Rx online switch event occurs on the space diversity link,
or both space diversity receivers trigger a demodulator not locked alarm

« Asilent transmitter switch? is initiated when both far-end receivers are in path-fail
alarm, and the link has been wrapped for not less than 5 seconds.

« If the link failure is due to a path fade, the silent transmitter command from the
far-end(s) will not be received at the local end(s), meaning no Tx switch will occur.

« If the link failure is due to a Tx failure, the silent transmitter command from the
far end will initiate a switch to the standby Tx at the local end (the secondary RAC
is the default standby Tx).

< Auxiliary data circuits and any payload circuits configured for point-to-point
operation are not protected in the event of a ring wrap (as for a ring operation using
1+0 links).

* NMS is supported on the 1+1 ring links (as for ring operation using 1+0 links).

« Standard ring diagnostics are supported at the ring level, and operate independently
of the 1+1 diagnostics.

« Standard 1+1 link diagnostics are supported on the 1+1 ring links.

Co-channel XPIC Operation on a Ring

Using RAC 40s for Co-channel Dual Polarized (CCDP) operation, two independent
Super-PDH protected rings can be established over the same ring topology and on the
same frequency by using the vertical and horizontal polarizations.

< Standard RAC 40 configuration procedures are used on each of the ring links.

9 A silent transmitter switch is designed to prevent an undetected transmit failure from causing a link to go down

indefinitely.
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« The capacities supported are the standard PDH RAC 40 rates of 64x, 75xE1 or 70x,
84x, 100xDS1. However for single-gateway rings (all ring traffic sourced and sunk
through one ring site), the Node backplane maximums mean the maximum usable
capacities are 64xE1 or 70x, 84x DS1.

e Two co-located INUSs are required at each ring node. Each supports an east and west
RAC 40.

For more information on RAC 40 CCDP operation refer to Co-channel Operation on
page 3-84.

Ethernet Traffic on a Ring

9500 MXC platforms offer multiple solutions for protection of Ethernet traffic on a
ring:

< Protection can be provide in a radio environment where Nx2 Mbps or Nx1.5 Mbps
circuits used to transport the Ethernet data are protected by the 9500 MXC
Super-PDH ring-wrapping mechanism. Refer to Radio Environment on page 3-72.

e Protection can be provided in an Ethernet environment using the Spanning Tree
Protocol (STP) or Rapid Spanning Tree Protocol (RSTP) on a L2 switch installed at
Node sites. Refer to Ethernet Environment on page 3-73.

A circular connection or loop occurs when there is more than one
Ethernet path to reach a destination. A spanning tree capability is
required to resolve such loops.

The transport solutions are provided by:

* 9500 MXC Node with the DAC ES for Fast Ethernet. Ring protection options include
radio-environment, and Ethernet-environment. With Ethernet-environment an
external RSTP switch is normally installed at each site.

¢ 9500 MXC Node with DAC GE for Gig-Ethernet. Ring protection is supported in an
Ethernet-environment only, with the DAC GE providing an enhanced RSTP
function; RWPR™ (Resilient Wireless Packet Ring). An external RSTP switch is not
required.

e 9500 MXC IDU ES for Fast Ethernet. Ring protection is supported in an Ethernet
environment only, and an external RSTP switch is required at each site. Refer to IDU
ES Link on page 2-8.

Radio Environment

Radio environment ring protection of an Ethernet channel is provided by creating a
linear (daisy-chained) Ethernet network on the ring without closing the final Ethernet
channel connections. The individual 2 Mbps or 1.5 Mbps circuits used to supporta DAC
ES Ethernet channel on the ring operate in the normal any-to-any circuit mode, to
provide ring wrapping in the event of a ring break. In this way, the protection
advantages of a ring are provided without compromising the Ethernet environment; no
Ethernet loops are created so no external spanning tree management is needed. Refer
to the example in Figure 3-54 on page 3-73.
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Figure 3-54. Example of Radio-Environment Protection for Ethernet Traffic
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When used in this way the DAC ES must be set for transparent mode, and the transport
channels would normally be configured for identical Nx2 Mbps (or Nx1.5 Mbps)
capacity. The example shows each hop on the ring configured for a 6x2 Mbps DAC ES
transport channel.

Note that DAC ES Ch 1 on Node A and Ch 2 on Node B are not used, and the five 6x2
Mbps circuit groupings used are unique to each Ethernet node-node channel, requiring
a total of 30x2 Mbps on the ring.

Ethernet Environment

Ethernet alternate-path ring protection is enabled by the rapid spanning-tree
algorithm held within RSTP switches'© at each ring site.

The contention that would otherwise occur with the arrival of looped Ethernet frames
is managed by RSTP, which creates a 'tree’ that spans all switches in the ring, forcing
redundant paths into a standby, or blocked state. If subsequently one network segment
becomes unreachable because of a device or link failure, the RSTP algorithm
reconfigures the tree to activate the required standby path.

RSTP is defined within IEEE 802.1D-2004 and is an evolution of the Spanning tree
Protocol (STP).

e For DAC ES and IDU ES an external RSTP switch is required.

« DAC GE includes an RSTP switch function in the form of RWPR ™ which provides
fast-switched, enhanced RSTP operation.

10 Layer 2 switch with a rapid spanning-tree protocol option. A switch need not be located at each site, but is
recommended to avoid the potential for a site to become isolated in the event of a path/link failure.
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¢ Unlike normal RSTP action, which involves a progressive exchange of messages
between all nodes beginning with those immediately adjacent to the failure point,
the RWPR uses a unique fast-link-detection (FLD) mechanism to rapidly and
reliably detect a failure on one of the transport channels, and to then
communicate immediately with participating RWPR ring nodes when a ring
re-configuration is required. Depending on the network topology re-convergence
can be within 50 ms.

Ring-wrapping is not used, rather Ethernet traffic is carried on point-to-point circuits
on the ring. See Point-to-Point Traffic Overlay on a Ring on page 3-69.

RSTP service restoration or ‘re-convergence' times are typically 1 to 5
seconds. By comparison, the earlier Spanning Tree Protocol (STP)
exhibited a convergence time of about 50 seconds.

RWPR supports re-convergence times of less than a second, typically 50
msecs for a five-node ring and less than 100 msecs for a ten node ring.

Ethernet Ring Solutions
9500 MXC Nodes support Fast and Gigabit Ethernet rings:

9500 MXC Node with the DAC ES supports Ethernet rings to 100 Mbps.

» Asingle DAC ES is configured to provide two transport channels, one to the east
RAC, the other to the west, from an external RSTP switch.

« E1/DS1 traffic may also be configured in the ring, which may be point-to-point
(not protected) or ring-wrap protected.

e Asingle 9500 MXC Node with a DAC GE supports Gig-Ethernet rings to 150 Mbps.
One DAC GE is configured to provide two transport channels, one to the east RAC,
the other to the west. No external RSTP switch is required.

e Two INUs may be co-located at each site to support a 300 Mbps ring. The 300 Mbps
throughput may be configured on single 300 Mbps links, or as two co-path,
link-aggregated 150 Mbps links.

e Four INUs may be co-located to support a 600 Mbps ring using two co-path,
link-aggregated 300 Mbps links, or four co-path, link-aggregated 150 Mbps links.

Figure 3-55 shows a 9500 MXC ring configured for RSTP protection of Ethernet traffic
using an external RSTP switch, and ring-wrap protection of NxE1 traffic.

< Point-to-point circuits are configured for Ethernet traffic, and via the DAC ES are
ported to an external RSTP switch, which manages the ring protection. Note that the
2 Mbps circuits designated to carry the Ethernet traffic (1 - 16) are reused on each
radio link to provide superior ring-traffic efficiency, compared to ring-wrap
protection of Ethernet traffic.

* Ring-wrap protected circuits are configured for the NxEL1 traffic.

If a radio link fails:

« RSTP re-directs Ethernet traffic on the ring.

* 9500 MXC ring protection re-directs E1 traffic on the ring to bypass the break.
When used with an external RSTP switch:
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e The DAC ES or DAC GE should be configured for Mixed Mode (not Transparent
mode), to provide dedicated ports for each of the two (east and west) transport
channels (C1 and C2).

e There can be an equal or unequal number of DAC ES or DAC GE plug-ins on the ring.
< Disable Address Learning must be selected in the Plug-ins screen.
When used with the built-in RSTP switch provided on the DAC GE:

< With its RWPR capability the DAC GE provides enhanced (fast-switched) RSTP
protection management of Ethernet traffic on the ring.

e Transparent mode must be selected (where one DAC supports both the east and west
links).

For information on DAC ES configuration, refer to: DAC ES and IDU ES Configuration,
Volume 1V, Chapter 3.

For information on DAC GE configuration, refer to: DAC GE Configuration, Volume IV,
Chapter 7.

Figure 3-55. Example of RSTP and Ring-Wrap Protection on a Ring
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DAC/Tributary Protection

E3/DS3, and STM1/0C3 DACs may be used in pairs to provide hot-standby
redundancy.

The protectable DACs are:

e DAC 3xE3/DS3M

DAC 1x1550

DAC 2x1550

DAC 1550M

» DAC 2x155e

Two protection configurations are supported, tributary protection, and always-on:

Tributary Protection
« Y cables connect the paired DACs to customer equipment.

< In the Rx direction (from the customer) both DACs receive data, but only the online
Rx DAC sends this data to the TDM bus.

< In the Tx direction, the online Tx DAC sends data to customer equipment, the other
mutes its Tx line interface.

Tributary Always On
e Separate cables connect each DAC to customer equipment.

« In the Rx direction (from the customer) both DACs receive data, but only the online
Rx DAC sends this data to the TDM bus.

 In the transmit direction both DACs send data to customer equipment, and the
customer equipment switches between these two always on tributaries.

e TA protection must be used where two 9500 MXC INU/INUes are to be interfaced
using protected DACs.

The DACs are configured as primary and secondary. The primary is the default DAC for
online Rx and Tx.

Except for the DAC 1550M, protection switching operates independently for Rx
and Tx, meaning it is possible for one of the DACs to be the online Tx, and the other online Rx.

When a switching event occurs, all Tx and/or Rx tributaries are switched to the
protection partner. Refer to DAC Protection Switching Criteria on page 3-83.
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Protection Switching Criteria

In this section, switching criteria and service restoration times are provided. Refer to:

Switching Guard Times

Hot-standby and Diversity Switching Criteria
Dual Protection Switching Criteria on page 3-80
Ring Protection Switching Criteria on page 3-81
DAC Protection Switching Criteria on page 3-83

Switching Guard Times

To prevent protection switch oscillation a switch oscillation guard time mechanism
applies to all forms of online!! protection switching. The mechanism is described
below.

A period of guard time begins immediately after each protection switch occurs.

No protection switches are permitted during the guard time. Protection switching
may resume once the guard time has elapsed.

To damp possible oscillations in the system the guard time is regularly adjusted,
using the following rules:

e The guard time doubles after each switch (up to the maximum)

« The guard time halves after each period of guard time during which no switching
occurs (down to the minimum).

< When the guard time decays to its minimum, subsequent switch requests are
actioned immediately.

There are two independent guard timers for each protection context, one associated
with TX switching and one associated with RX switching.

The switch guard time has a minimum period of 5 seconds and a maximum period of
320 seconds (5 x 26 events).

The guard time mechanism is disabled in protection diagnostic modes.

Hot-standby and Diversity Switching Criteria

The Tx and Rx paths are independently switched. Protection criteria are similar for all
RACs. Refer to:

Transmitter Switching on page 3-77
Receiver Switching on page 3-79

Service Restoration Times for Hot Standby and Diversity on page 3-80

Transmitter Switching

Transmit switching for hot-standby and space diversity is not hitless; service is
restored within 200 ms. Transmit switching for frequency diversity is hitless providing
the online Tx RAC is not removed.

The online Tx RAC manages the Tx protection switch function, and is transferred
between RACs to always be with the online Tx RAC.

111t does not apply to diversity-bus (hitless) Rx path switching.
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For hot-standby and space/frequency diversity the default protection configuration
has the primary RAC online Tx and the secondary RAC online Rx.

< Only the online Tx is operational for hot-standby and space diversity.

« Both online Tx and standby Tx are operational for frequency diversity. The online Tx
is managing Tx traffic synchronization.

< Switching from the online to standby transmitter will not be initiated if the standby
transmitter has failed, or the standby Tx RAC has been removed or replaced by an
incorrect plug-in. Similarly, a switch will not be initiated if the ODU associated with
the RAC has failed or is disconnected.

« When a switch has occurred, protection management remains with what was the
offline transmitter. The primary-designated RAC (default online Tx) is not
automatically returned to online transmit on repair or replacement

Transmit Switching Operation, Hot-standby and Space/Frequency
Diversity:

e The primary RAC is the default online Tx RAC.

* When a Tx switch from primary to secondary occurs, the online Tx status is
transferred from the primary to secondary RAC, and remains with the secondary
RAC; the primary-designated RAC is not automatically returned to online on repair/
replacement. The same process occurs in reverse - for a switch from secondary RAC
Tx online to primary RAC Tx online.

< For hot-standby and space diversity the online Tx status is changed for a card
withdrawal, RAC/ODU failure, or software load failure.

< For frequency diversity the online status is only changed for a card withdrawal or
software load failure.

+ The switch of online Tx status is not hitless, service is restored within 200 ms.
Transmit Switching Criteria, Hot-standby and Space Diversity:

Transmitter switching to the alternate transmitter is initiated for the following local
alarm conditions:

* RAC plug-in is missing or incorrect
* RAC software load failure
e Transmitter path failure, Hot-standby and Space Diversity:
e Tx synthesizer not locked
e Tx transceiver failure
e Tx power failure
e Tx ODU IF synthesizer not locked
e Tx RAC IF synthesizer not locked
¢ Modulator not locked
e ODU cable unplugged

Transmitter switching is also remote-end initiated in the event of an undetected ‘silent
transmitter’ failure.

< This occurs when both online receive RACs are in receive alarm, whereupon a
switching command is returned to the local-end transmitter!?.
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< This remote-initiated switch is designed to prevent a silent transmit failure (failure
cannot be detected by the local hardware/software) from causing the link to go down
indefinitely.

A silent Tx switch is initiated when both the demodulators have lost lock or both
receivers have lost frame synchronization (demodulator not locked alarm).

Transmit Switching Criteria, Frequency Diversity:

Both transmitters are operational. A switch only affects the online status of the RACs,
which for frequency diversity is the RAC controlling transmit synchronization.

Online RAC Tx switching is initiated for the following conditions:
e RAC plug-in is missing or incorrect
« RAC software load failure

Manual return to primary RAC transmit requires a 9500 MXC CT
command in the System/Controls screen. This should be forced for
hot-standby installations using an unequal coupler where the primary
RAC is assigned to the low-loss side.

Receiver Switching

Receiver path switching (voting) between the two receiving RACs is hitless for
hot-standby and diversity configurations. The least errored data stream is selected on
a frame-by-frame basis within the online, bus-driving, RAC.

The online Rx RAC manages the Rx protection switch function, and is transferred
between RACs to always be with the online Rx RAC.

The RAC assigned as the secondary RAC in a protected primary/secondary pairing is
the default online RAC. Refer to Protected and Diversity Operation on page F-8,
Appendix F. .

In the event of RAC/0ODU receive equipment failure:

« |If the designated offline RAC/ODU (default primary) receiver fails or is removed, the
receive data stream will not be errored as the RAC designated as online is controlling
the switching and driving the TDM bus.

« Ifthe designated online RAC/0ODU (default secondary) receiver fails, the receive data
stream will not be errored if the failure occurs prior to the RAC Rx diversity bus
(between ODU antenna input and the RAC Rx diversity bus).

« |If the designated online RAC/ODU (default secondary) receiver fails after the
diversity bus (between RAC Rx diversity bus and the TDM bus) or is removed, the
offline (primary) RAC/ODU is switched to become the online bus-driving RAC. This
switching is not hitless, and the primary RAC remains as the online bus-driving RAC
until changed within 9500 MXC CT, or a subsequent bus-drive switch event.

12 where both RACs are in receive path alarm because of a path problem, no signal is received in either direction. In
such situations the ‘silent Tx’ switch command will be prompted by receive path alarms at both ends of the link,
but will not be received at the transmit ends of the link.

3DB 23063 AEAA - Rev 005 June 2008 Vol. 11-3-79



Chapter 3. 9500 MXC Nodes

< Switching from the online to offline Rx RAC will not be initiated if the offline Rx RAC
has failed, or the offline Rx RAC has been removed or replaced by an incorrect
plug-in. Similarly, a switch will not be initiated if the ODU associated with the offline
RAC has failed or is disconnected.

One gate-array is employed between the Rx diversity bus and the TDM
bus. It provides a function that is directly equivalent to a receive
protection switch.

Correct operation is monitored, and in the event of an alarm (software
corruption) a RAC switch command is initiated. A software auto-reload to
the alarmed gate array (from the embedded software set held in the NCC
CompactFlash) is also initiated to attempt to clear the alarm.

RAC Rx Online Switching Criteria

An online RAC switch is triggered by one or more of the following conditions:
¢ RAC plug-in is missing

¢ RAC plug-in is incorrect

* RAC FPGA software load failure

Service Restoration Times for Hot Standby and Diversity

Service restoration times (detection, switching and recovery) for a switch event are:
Transmit Switch
e 200 ms maximum for a local alarm

e 20 seconds maximum for a remote-end command (silent transmitter event)

The 20 second period is set to prevent unwanted switching caused by
momentary path fade or other switching events.

Receive Switch

< Switching s hitless for all alarm events except for a failure at the bus-drive protection
switch within the online designated RAC.

e 200 ms maximum for a bus-drive switch.

Dual Protection Switching Criteria

Currently dual protection is only offered with a frequency diversity master, which
means that only Rx (to the backplane bus) is switched; both subordinate protected
links are online transmitting (transmit protection criteria do not apply).

For restoration times refer to: Service Restoration Times for Dual Protection on
page 3-81.
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Receive Switching Criteria, Frequency Diversity Master

RAC bus-drive switching is initiated between the two subordinate links under the
following conditions:

¢ RAC plug-in is missing or incorrect
¢ RAC component failure:
* RAC software load failure
e EEPROM failure
* Rx path failure:
¢ Rx synthesizer not locked
¢ RF IF synthesizer not locked
* Demodulator not locked
e ODU Tx cable IF synthesizer not locked

Service Restoration Times for Dual Protection

For the subordinate links their service restoration times as individual protected links
are unaltered from those stated above for hot-standby and space diversity.

The service restoration times for a master switch are as follows, and apply for a switch
between:

< One protected link to a protected link

¢ One protected link to a non-protected link

< A non-protected link to a protected link

Receive Switch

e 200 ms maximum. Applies to the master protection switch event.

Note that with a frequency diversity master there is no Tx switch event; both
transmitters are online transmitting

Ring Protection Switching Criteria

This section describes the ring-wrapping switching criteria for radio (RAC/0ODU) and
fiber (DAC 1550M) closures. Refer to:

» Radio Wrap Conditions on page 3-82
Fiber (DAC 1550M) Wrap Conditions on page 3-82
e Wrap and Unwrap Times on page 3-82

e Unwrap Timers on page 3-83

Ring protection protects the payload and alarm 1/0 addressing between
nodes; ring protection does not protect auxiliary data.
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Radio Wrap Conditions

Conditions for ring wrapping:
e Tx path failure:
e Tx synthesizer not locked
e Tx transceiver failure
e Tx power failure
e Tx ODU IF synthesizer not locked
e Tx RAC IF synthesizer not locked
e Modulator not locked
¢ Rx path failure:
¢ Rx synthesizer not locked
« Rx IF synthesizer not locked
« Demodulator not locked
e ODU Tx cable IF synthesizer not locked

- 10°BER (user-selectable wrap and/or unwrap options)
¢ RAC plug-in is missing
* RAC software load failure

Fiber (DAC 1550M) Wrap Conditions

Conditions for ring wrapping:

* Loss of SDH/SONET frame

e DAC 1550M plug-in is missing

» DAC 1550M software load failure

Wrap and Unwrap Times

The wrapping process is performed without any participation of the alarmed RAC or
DAC 1550M, or potentially failed RAC/DAC in the instance of a silent transmitter
failure.

Ring wrapping and unwrapping is not hitless:

« 100 ms maximum service restoration time (detection, switching and recovery) for a
ring wrap based on a 16-hop ring, which is the maximum recommended ring size. It
will typically be between 40 and 100 ms, depending on the number of hops and ring
capacity; the higher the capacity, the lower the ring delay.

e The revertive switch command for return to normal service is initiated after the
relevant alarms on the failed link have been cleared for a period set by the Error-Free
Timer (default 5 minutes), or by the optional Delay Ring Unwrap Timer, which sets
a time of day for an unwrap. Full restoration of normal traffic (unwrapped) on the
ring occurs within 100 ms of receipt of the revertive switch command.
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Unwrap Timers

An Error-free Timer in the Protection configuration screen sets the period of
error-free operation needed prior to initiation of an unwrap. When awrap has occurred
this timer counts down towards an unwrap as soon as all wrap conditions are cleared.
The count begins anew should a wrap condition re-occur during the countdown. The
time options are 10 seconds, or 1, 5, or 10 minutes. 5 minutes is default
(recommended).

A Delay Ring Unwrap timer in the Protection configuration screen allows setting of
a time of day when an unwrap will occur providing all wrap conditions have been
cleared for a period not less than that set in the Error-free Timer. This timer has a
1-hour window; if the conditions which caused the wrap are not cleared by the
Error-free Timer during this window, then Delay Ring Unwrap resets for the same time
the following day.

e The System/Controls screen provides a countdown timer to indicate the time to go
before the ring will unwrap. Applies to both the Error-free Timer and Delay Ring
Unwrap Timer. (Counts down to zero).

DAC Protection Switching Criteria
The Tx and Rx tribs are independently switched. Switching is not hitless.

* 200 ms maximum restoration time for a Tx or Rx trib switch.

e Trib protection is available for E3/DS3 and STM1/0C3 DACs, including DAC 3xE3/
DS3M and DAC 1550M. Switch criteria are common for all DACs.

Refer to:
e Tx Trib Switching
e Rx Trib Switching

Tx Trib Switching

Transmitter switching to the alternate DAC transmitter is initiated for the following
local alarm conditions:

e SW/HW failure:
¢ Plug-in missing or incorrect
» FPGA software load failure
e LIU failure
¢ Clock generator failure

Rx Trib Switching

Receiver switching to the alternate DAC receiver is initiated for the following local
alarm conditions:

e SW/HW failure:
e Plug-in missing or incorrect
* FPGA software load failure
e LIU failure
¢ Clock generator failure
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e Tributary LOS

NCC Protection with NPC Option

The NPC plug-in provides protection for NCC TDM bus management (bus clock), and
power supply functions. One NPC can be installed per INU/INUe.

Bus protection protects all tributary and auxiliary traffic; Alarm 1/0 is not protected.

« Switching is not hitless for a TDM bus clock failure; restoration is within
200 ms, during which time all traffic on the node will be affected.

« Protection is hitless for a power supply failure. If the NCC converter or one of its
supply rails fails, the NPC will take over without interruption. And vice versa.

When the TDM bus clock has switched to NPC control, it will not automatically revert
to NCC control on restoration of the NCC. Return to NCC control requires either
withdrawal/failure of the NPC, or use of diagnostic commands in the System/Controls
screen.

Co-channel Operation

XPIC

This section provides data on Co-channel Dual Polarization (CCDP) operation with
Cross-Polarization Interference Cancellation (XPIC). This allows two radio links of
identical capacity and modulation to operate over the same path, on the same
frequency channel, by operating one link on horizontal polarization, and the other on
vertical. In this way, one frequency channel can be used to support two same-path links
(double the capacity), compared with one link for a standard (non-CCDP) radio.

« Co-channel operation requires paired RAC 40 plug-ins with companion ODU 300s.
Refer to:

e XPIC on page 3-84

¢ RAC 40 Operating Guidelines on page 3-86

For CCDP operation XPIC is required to provide the additional cross polarization
discrimination needed to avoid unacceptable co-channel interference.

< Standard high performance shielded antennas typically exhibit 30 dB cross
polarization discrimination (XPD) whereas 40 dB is typical for purpose-designed,
high polarization discrimination antennas.

« Correct end-end polarization alignment is essential to achieve a path XPD to closely
match the antenna XPD. Refer to Additional Procedures for CCDP XPIC links on
page 5-7 of Chapter 5, Volume III.

< XPIC provides up to an additional 20+ dB of XPD, which is achieved by cancelling
interference caused in the wanted signal by taking a sample of the unwanted signal
received on the opposite polarization. For an explanation of XPIC operation, refer to
RAC 40 in Appendix F.
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¢ Inanon-XPIC STM1/75E1/64E1 system, ETSI specifies that a co-channel
interfering signal 37 dB below the wanted signal (37 dB C/1) shall not degrade Rx
threshold by more than 1 dB. In an XPIC system ETSI specifiesa 17dB C/1 foral
db threshold degradation.

< While high performance dual polarized antennas when correctly aligned may
provide up to 30 dB of isolation between received H and V signals, such isolation
may reduce dramatically during fading conditions, which is when the XPIC
function provides maximum benefit.

e Each RAC 40 operates with an ODU300ep or ODU 300hp.

Figure 3-56 shows the relative difference between conventional adjacent channel
alternate polarization (ACAP) operation, and CCDP, for same-path operation. The RAC
30V3s (ACAP) must be on different frequency channels, or if on adjacent channels (as
shown), one should be configured for vertical polarization, and the other for horizontal.
The RAC 40s (CCDP) are on the same frequency channel, with one configured for
vertical polarization, and the other for horizontal.

Each ODU 300 is connected to either the V and H polarization feedhead on a
dual-polarized antenna, using a remote mount and a flexible waveguide connection.

Figure 3-56. ACAP and CCDP Operation

2 x RAC 30 2 xRAC 40
28 MHz
\% / \%
I i
H H
56 MHz 28 MHz
ACAP CCDP

RAC 40s can be hot-standby or diversity protected.

Figure 3-57 shows a RAC 40 pairing in an INU. The cable pair between the RAC 40s
provides the sample of the unwanted signal (opposite polarity signal) received on one
RAC, to the other RAC.

Figure 3-57. Example Co-Channel STM1 RAC 40 Deployment
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9500 MXC fitted with RAC 40s meets ETSI EN 301 127 requirements for co-channel
operation. This document specifies the performance of a system in the presence of
cross polarization interference (XP1) coming from an opposite polarization.

Refer to RAC 40 Operating Guidelines for application data and example
configurations.

RAC 40 Operating Guidelines

Two RAC 40 cards are used to support:
e Co-channel STM1/0C3

» Co-channel 64 or 75xE1

e Co-channel 70, 84 or 100xDS1

Co-channel operation only has application where a single-path capacity
greater than that provided by a single RAC 30V3 is required; path
capacities greater than 75xE1, 100xDS1, or STM1/0C3.

Refer to:

« Backplane Bus Capacity on page 3-86

» Settings, Protection and ATPC on page 3-87

< Example Configurations on page 3-88

For information on RAC 40 refer to RAC 40 on page 3-23.

Backplane Bus Capacity

An INU/INUe has a maximum backplane bus capacity of 100xE1, 128xDS1, or
2xSTM1/0C3, which for the available RAC 40 capacities means that co-channel
operation is only supported for STM1/0C3. See Figure 3-58 on page 3-88.

¢ One INU/INUe supports co-channel STM1/0C3 when configured as a terminal
Node.

< One INUe supports co-channel STM1/0C3 when configured as a repeater Node (no
drop-insert to an external mux).

Two co-located INU/INUes support co-channel operation for 64/75xE1, 70/84/
100xDS1, or STM1/0C3.

e The co-channel RAC 40 pairs are installed across the INU/INUes as shown in
Figure 3-59.

For more information on node capacity rules refer to Appendix E.
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Settings, Protection and ATPC

e Each RAC 40 in a co-channel XPIC pairing must be configured for the same
frequency, capacity and modulation.

< A special Tx mute function applies if one of the receive RACs fails, the RAC is
withdrawn, or the XPIC cables are removed or incorrectly connected. Refer to
Remote Tx Mute.

e Co-channel links may also be hot-standby or diversity protected using two RAC
40s per vertical and horizontal feed. The protection partners must be installed in the
same INUe and slot-located according to INU/INUe RAC protection rules.

Where co-channel links are to be 1+1 protected, both must be 1+1 protected13.

The RAC 40 assigned to each polarization is 1+1 protected by adding a RAC 40
protection partner in the CT Protection screen.

For hot-standby or frequency diversity protection using a single dual polarized

antenna at each end, remote-mounted equal-loss couplers'* must be used to
mount the ODUs.

Similarly, for space diversity operation all four antennas must be of the same size
(have the same gain).

The protected V and H links operate as two independent links - the standard
protection switch criteria for protected links apply. Refer to Hot-standby and
Diversity Switching Criteria on page 3-77.

Similarly, the Remote Tx mute functions apply where both RACs of a protected
pair fail, are withdrawn, or have their XPIC cables removed or incorrectly
connected. Refer to Remote Tx Mute.

« RAC 40s can be operated in single channel/non-XPIC mode to provide an upgrade
path to co-channel operation without hardware changes.

e ATPC must be OFF on both co-channel links. (Receive signal level measurements are
affected by the interference caused on one link by the other, which results in
abnormal ATPC action).

Remote Tx Mute

This section sets out the special operating conditions that apply to RAC 40 CCDP links
under Rx failure conditions to ensure continued operation of the remaining link.

« XPIC interference cancellation cannot function if one of the RACs is withdrawn, its
XPIC cables are removed or are incorrectly installed, or there is a RAC hardware
failure.

< Under these conditions the Tx signal (remote transmitter) on the failed link is muted
to prevent unwanted interference to the remaining RAC Rx.

* Table 3-30 lists conditions under which the remote Tx is muted.

13

If just one of the co-channel links is 1+1 protected, a failure of XPIC cross-connect between the 1+0 RAC 40 and

its 1+1 XPIC partner may cause both V and H receive streams to error as the discrimination provided under XPIC
would be lost. An unlikely double-failure event would be needed to cause the same error if both co-channel links

are 1+1 protected.

14 optimum XPIC interference cancellation performance requires equal, or near equal V and H receive signal levels.
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Table 3-30. Tx Mute Request Conditions

Remote Tx Mute Request Alarms

NCC: RAC 40 plug-in missing.

RAC hardware RAC 40 synthesizer RX LO failure, or

failure: synthesizer RX IF failure.

Path failure: RAC 40 ODU cable unplugged, RX synthesizer

not locked, or RX IF synthesizer not locked.

Path warning: XPIC cable unplugged or XPIC failure.

Where both XPIC cable are removed at the local end, the request to mute will be sent
to both remote transmitters. This mute contention situation is resolved by applying a
bias to the vertical RAC; the remote horizontal RAC Tx is muted, the remote vertical
RAC Tx is not muted.

Example Configurations
The configurations illustrated are:
« Single INU on page 3-88
« Paired INUs on page 3-89
¢ Protected Co-channel Links on page 3-89
« Ring Node Configurations on page 3-91

Single INU
Figure 3-58 shows a single INU for 2x STM1/0C3 operation.

< One INU/INUe supports a co-channel XPIC capacity of 2xSTM1/0C3, or 2x150
Mbps Ethernet using a DAC GE.

e The example shows a terminal configuration, where each STM1/0C3 trib is
terminated on a DAC 1550 plug-in. (The two DAC 1550 plug-ins shown could be
replaced by a single DAC 2x1550 or DAC 2x155e).

e One INUe also supports 2xSTM1/0C3 or 300 Mbps Ethernet co-channel XPIC when
configured as a repeater - no drop-insert (4 ODUs required). Each STM1/0C3 / 150
Mbps stream is cross-connected on the backplane bus from one ODU to its partner
in the opposite direction.

Figure 3-58. Co-Channel STM1 Terminal
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Paired INU/INUes can be used to share backplane bus loading, as illustrated in
Figure 3-59, for a 150xE1 backhaul.

» By pairing Nodes the combined backplane bus capacity of 200xE1, 256xDS1,
4xSTM1/0C3, or 600 Mbps Ethernet is available to support:

e Co-channel 2x 75xE1 or 2x 100xDS1 in terminal Node configurations (INUes are
required to provide the number of slots needed for DAC 16x plug-ins).

e Co-channel 2x 75xE1 or 2x 100xDS1 aggregation, as in Figure 3-59.

e Co-channel 2x 75xE1 or 2x 100xDS1 9500 MXC Super-PDH ring operation.
However for a typical single-gateway ring (all traffic sourced and sunk at one site
on the ring), 2x 64xE1 or 2x 84xDS1 are the ring maximums. Refer to Appendix E.

e Co-channel 2xSTM1/0C3 ring operation. Requires an external ADM.

e Co-channel 2x 150 Mbps Ethernet rings. Links are operated point-to-point. RSTP
ring switching is provided internally using the DAC GE (RWPR) or using an
external switch with the DAC ES. Refer to Ring Node Configurations on page 3-91.

Figure 3-59. Co-channel 2+0 75xE1 Backhaul
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Protected Co-channel Links
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INU
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Co-channel links (links on the V and H polarizations) can be 1+1 protected using
hot-standby, space diversity, or frequency diversity.

Refer to Settings, Protection and ATPC on page 3-87.

Example confutations are provided for:

e 2+2 Hot-standby 75xE1 Co-channel Links.
e 4+4 Hot-standby Operation.

For examples of 2+2 and 4+4 space diversity configurations see Ring Node

Configurations on page 3-91.

2+2 Hot-standby Co-channel Links
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Figure 3-60 illustrates a Node configured for hot-standby protection of the two 75xE1
co-channel links.

Hot-standby is normally deployed where equipment protection is the primary
requirement, as distinct from path (and equipment) protection through space or
frequency diversity.

Both co-channel links (V and H) must be 1+1 protected.
An NPC plug-in is included in each INUe to provide NCC redundancy.
The couplers must be equal-loss.

The nominal loss through each coupler is 3.5 dB, meaning an additional 7 dB loss
must be included in the system gain calculations for each link.

All RAC 40 capacity options are supported for 2+2 protection: 64x, 75xE1, 70x, 84X,
100xDS1, or STM1/0C3.

The example illustrates a repeater/aggregation Node with a 16xXE1 drop. While the
up-haul capacity on the lower INUe may therefore only need to support 59xE1,
because its co-channel partner is still transporting 75xE1 traffic, it must also be
over-air configured for 75xEL.

Figure 3-60. 2+2 Hot-standby 75xE1 Co-channel Links
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4+4 Hot-standby Operation

Figure 3-62 illustrates 4+4 ‘quattro’ operation where CCDP (co-channel dual
polarization) and ACCP (alternate channel co-polarization) are used to support
hot-standby protected operation on four co-path links.

e Supports a maximum of 4x 75xE1, 4x 100xDS1, or 4x STM1/0C3 on two 28/30 MHz

radio channels.

e CCDP with ACCP supports the four co-path links on two 28/30 MHz radio channels.

» Uses the V and H polarizations on two adjacent channels. Figure 3-61 illustrates
the channel/link alignment.
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e Figure 3-62 illustrates the ACCP pairings on F1 and F2 (channel 1 and channel 2),
and CCDP pairings on the cross-polarized co-channel pairings.

Figure 3-61. Channel/Link Alignment for 4+4 CCDP and ACCP

Vv

" 28MHz

< Cascaded couplers are used to connect the protected ODU pairings to the common
antenna. Couplers must be equal loss.

e The nominal loss through each coupler is 3.5 dB, meaning an additional 14 dB loss
must be included in the system gain calculations for each link.

Figure 3-62. 4+4 Hot-standby Operation
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Ring Node Configurations

RAC 40 CCDP operation may be included within 9500 MXC ring networks to support
two concentric rings on the same frequency channel.

The rings may be configured for any of the capacities supported by the RAC 40, but bear

in mind:

e For STM1/0C3rings, ring protection requires an external SDH mux. 9500 MXC ring
links are configured as point-to-point.

e For PDH rings 9500 MXC Super-PDH ring protection applies.

< For single gateway rings (all ring traffic sourced and sunk at one ring site) the
maximum capacity supported on each ring is 64xE1 or 84xDS1. For more
information refer to Appendix E.

e For Ethernet rings an RSTP switch is required. An RSTP function (RWPR) is
included with the DAC GE. With the DAC ES, an external RSTP switch is required.

< Each ring operates autonomously.
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CT is used to individually configure the two ring links.

e The V and H ring links are separately configured for identical frequency, Tx power
and capacity/bandwidth.

» XPIC cables are installed between the east RAC 40s, and between the west RAC 40s.
Co-channel ring links can also be 1+1 protected:
e Co-channel ring links can be 1+1 protected using space diversity or hot-standby.

< 1+1 protection of a ring-protected link is normally implemented to provide path
protection as distinct from equipment protection. Hence space diversity (SD) is
the required/recommended 1+1 protection mode.

* One or all co-channel ring links can be 1+1 protected.
< Where co-channel ring links are to be 1+1 protected, both must be 1+1 protected.

e The 1+1 protection is subordinated to the ring protection mechanism (ring wrap
and unwrap). For guidance on 1+1 protection of ring links refer to 1+1 Protected
Ring Links on page 3-70.

* When using a coupler to combine two ODUs onto a single polarization, the operating
channels must be chosen from within the same diplexer option. If the two ODUs are
not from the same tuning/diplexer option interference may occur, resulting in
degraded link performance.

Example configurations are provided for:

e Co-Channel STM1 Ring Node with Drop-Insert.

* 300 Mbps Co-channel Ring Node: 2x150 Mbps

e Co-Channel 64xE1 Ring Node with 16xXE1 Drop-Insert.

« Space Diversity Protected 64xE1 Co-channel Ring Links.

e 4+4 Space Diversity Operation Using CCDP and ACCP

2xSTM1 Co-Channel Ring Node

Figure 3-63 illustrates co-channel STM1 ring operation.

e Each INU supports two 1xSTM1 links; STM1 east and STM1 west.

e Each INU ports its STM1 east and west tribs to an external SDH mux, which provides
the ring protection mechanism.

e 9500 MXC links are configured for point-to-point operation.
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Figure 3-63. Co-Channel STM1 Ring Node with Drop-Insert
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Figure 3-64 illustrates a 300 Mbps DAC GE Ethernet ring solution using co-channel
150 Mbps links east and west. Separate DAC GEs are required for the RWPR and link
aggregation functions.

300 Mbps Co-channel Ethernet Ring Node

e Using RAC 40s the east and west links are configured on the same 28 MHz (ETSI) or
30 MHz (ANSI) radio channel.

e One DAC GE provides the RWPR ring function, which operates on 300 Mbps
link-aggregated virtual links. Separate DAC GEs provide the link aggregation
function.

e DAC GE 'A'in INU 1 aggregates the east 150 Mbps links to provide a single 300
Mbps connection on ports 1 to 4, using transparent mode with C1 and C2
aggregation.

* DAC GE 'B'in INU 2 aggregates the west 150 Mbps links to provide a single 300
Mbps connection on ports 1 to 4, using transparent mode with C1 and C2
aggregation.

e DAC GE 'C'"in INU 2 provides the RWPR ring switch function and hosts the local
LAN. Note that the east, west and local LAN interfaces are all port-connected; the
DAC GE 'C' transport channels are not configured (no backplane bus access is
required).

e The east and west aggregated links are treated as one virtual link by RWPR. If one
link in the aggregated pair fails, ring switching does not occur - both links must
fail to initiate switching.
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Figure 3-64. 300 Mbps Co-channel Ring Node: 2x150 Mbps
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Co-Channel 64xE1 Ring Node

Figure 3-65 illustrates co-channel ring operation.

e 9500 MXC Super-PDH ring operation provides the ring protection mechanism.
For single gateway rings 64xE1 or 84xDS1 are the ring capacity maximums.

Figure 3-65. Co-Channel 64xE1 Ring Node with 16xE1 Drop-Insert

ODU 300 ODU 300

e [T + f ) ey
Cameran | | N\ W || e

West ODU 300 ODU 300 East

XPIC Cross-Connect Cables

RAC 40 [ & racao ¢ ¢4 INU

A

RaC40 & & |[ ® racao & & INU Ring Network

= 128xE1 128xE1
NCC DAC 16x @ =
‘ 16xE1

16xE1

ueq

NCC

Vol. 11-3-94 Alcatel-Lucent



9500 MXC User Manual

Space Diversity Protected Co-channel Ring Links
Figure 3-66 illustrates space diversity protection of co-channel ring links.

« Where path protection of a ring link is required space diversity (SD) is
recommended.

e One or all ring links can be SD protected.
e Where co-channel ring links are to be SD protected, both must be SD protected.

« SD protection is subordinated to the ring protection mechanism (ring wrap and
unwrap). For guidance on SD protection of ring links refer to 1+1 Protected Ring
Links on page 3-86.

¢ The link maximums on single gateway rings are 64xE1 or 84xDS1.
e An NPC plug-in is included in each INUe to provide NCC redundancy.
Figure 3-66. Space Diversity Protected 64xE1 Co-channel Ring Links
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4+4 Space Diversity Operation Using CCDP and ACCP

Figure 3-67 illustrates ‘quattro’ 4+4 operation.

« When used within 9500 MXC Super PDH rings this configuration supports up to

four co-path space diversity protected (SD) ring links.

e The combination of CCDP (co-channel dual polarization) and ACCP (alternate
channel co-polarization) supports the four links on two 28/30 MHz channels.

< Each of the two radio channels supports two co-channel links. Figure 3-61

illustrates the channel/link alignment.
e Link maximums on single gateway rings are 64xE1 or 84xDS1.

e The couplers must be equal-loss.

e The nominal loss through each coupler is 3.5 dB, meaning an additional 7 dB loss

must be included in the system gain calculations for each link.

Figure 3-67. 4+4 Space Diversity Operation Using CCDP and ACCP
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Configuration and Diagnhostics

This section provides an overview of CT screens for INU/INUe/ODU configuration and
diagnostics. Refer to:

e 9500 MXC CT Log-in on page 3-97

< Configuration on page 3-98

« Diagnostics on page 3-98

For more information on configuration and management, refer to Chapter 5.

9500 MXC CT Log-in

The INU and INUe include Ethernet and V.24 front-panel 9500 MXC CT PC (NMS)
ports.

For Ethernet (10/100Base-T NMS port) there are two connection options:

e Direct addressing using the CT PC TCP/IP properties window to set a LAN
compatible address on your PC, which requires knowledge of the IP address of the
connected INU/INUe. Where not provided, it is discovered using CT address
auto-discovery.

< DHCP server connection, where a server function in the INU/INUe provides an IP
address to the CT PC client. This option does not require knowledge of the IP address
for the connected radio.

For a V.24 connection, knowledge of the IP address for the connected INU/INUe is not
required.

For information on CT PC connection, Refer to Volume 1V, Chapter 2.

To enable CT access on a new (unconfigured) INU/INUe a V.24
connection is required at the outset. Once connected, an IP address can
be configured, from which point Ethernet access can be used. All INU/
INUe installation kits includes a V.24 cable.

An Ethernet connection is recommended as it provides a much faster
connection and running speed, compared to a V.24 connection. Ethernet
must be used for remote-end and network-wide access.
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Configuration

CT configuration screens for 9500 MXC INUs are common to those used for IDUs
(where service functionality is the same).

More information:

For a summary list of configuration features, refer to 9500 MXC CT Feature
Summary on page 5-1

For information on a recommended configuration process for a new INU/INUe,
refer to Procedure Overview for a New Installation on page 3-7 of Volume 111.

For detail configuration data, refer to the relevant screens in Volume IV.

Diagnostics

The CT Diagnostics screens support:

Event browser.

History. Graph and report options capture 7 days worth of 15 minute data bins, or
one month of daily bins. Screens are provided for RACs and Ethernet DACs. The RAC
screen captures G.826, G.821, RSL and event data. The Ethernet screen captures
throughputs, frame types, discards, errors and events.

Alarms, with context-sensitive Helpset support for alarm description, probable
cause and recommended remedial actions (For context sensitive help ‘9500
MXC9500 MXC9500 MXC’ must be loaded on your PC).

RMON performance statistics for all ports and channels on the DAC ES and DAC GE
plug-ins.

G.826 link performance data and G.821 BER - with built-in BER test function on
PDH and SDH tribs.

Controls, with safety timers, for setting loopbacks, AlS, protection locks, Tx mute.

Data dashboards for the DAC ES and DAC GE plug-ins. Includes information on Tx
and Rx throughputs, discards and errors on all ports and channels.

Information on serial number, part number, and time in service.
Software reset and history-clear functions.

More information:

For a summary list of diagnostic features, refer to 9500 MXC CT Feature Summary
on page 5-1.

To view the 9500 MXC CT diagnostic screens and their operation, refer to
Diagnostics on page 15-1 of Volume IV.

For a list of troubleshooting processes supported by the CT Diagnostic screens, refer
to Using CT Diagnostics Screens on page 2-30 of Volume V.
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This chapterintroduces:
e ODU Construction and Mounting on page 4-1
e ODU Data on page 4-2

ODU Construction and Mounting

Housings are similar for ODU 300ep and ODU 300hp. Construction comprises:

e Cast aluminium base (alloy 380)

Pressed aluminium cover (sheet grade alloy 1050).

Base and cover passivated and then polyester powder coated

Compression seal for base-cover weatherproofing

Carry-handle
Figure 4-1. 9500 MXC ODU 300ep Housing
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The ODUs include a waveguide antenna port, Type-N female connector for the ODU
cable, a BNC female connector (with captive protection cap) for RSSI access, and a
grounding stud.
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The ODUSs, are designed for direct antenna attachment via a 9500 MXC-specific
mounting collar supplied with the antennas.

ODU polarization is determined by the position of a polarization rotator fitted within
the antenna mounting collar (the ODU installed such that there is correct waveguide

port alignment between the ODU and its antenna).

A remote ODU mounting kit is also available as an option. These may be used to
connect an ODU to a standard antenna, or to a dual-polarized antenna for co-channel
link operation.

The ODU assembly meets the ASTME standard for a 2000 hour salt-spray test, and

relevant IEC, UL, and Bellcore standards for wind-driven rain.

ODU Data

There are two ODU options:
- ODU 300hp
e ODU 300ep

Both share the same RAC profiles, which means they operate to the RAC 30V3, RAC
40, RAC 3X and the IDUs.

< Within their band limitations the ODU 300hp and ODU 300ep are over-air
compatible.

e ODUs are fixed for Tx High or Tx Low operation.

« ODUs are frequency-band specific, but within each band are capacity independent
up to their design maximums. Main ODU performance characteristics are
summarized in Table 4-1.

Table 4-1. ODU Characteristics

e ODU 300ep ODU 300hp
Frequency 6 to 23 GHz 6 to 38 GHz
Bands
Capacity 5 to75xE1 5 to 75xE1
4 to 100xDS1 4 to 100xDS
1 to 6xDS3 1 to 6xDS3
2xSTM1/0C3 2xSTM1/0C3
Modulation QPSK, 16QAM, QPSK, 16QAM,
Options 32QAM, 64QAM, 32QAM, 64QAM,
128QAM, 256QAM 128QAM, 256QAM
Bandwidths | 3.5 to 56 MHz 7 to 56 MHz
Supported
Tx Power Extended power High power, with a
(except 11 GHz), maximum 20 dB
with a maximum 30 | power control range
dB power control
range
Tuning Typically (depending on T/R spacing) 56 MHz
Range at 6 / 7 GHz to 230 MHz at 15 GHz. 340 to

380 MHz on higher bands.
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Item? | ODU 300ep ‘ ODU 300hp
IF Interface | RAC 30, RAC 3X, RAC 30, RAC 3X, RAC
RAC 40, IDUs 40, IDUs
1.opu 300ep availability is now restricted to 13 and
15 GHz.

« Where two ODUs are to be connected to a single antenna for hot-standby or
frequency diversity configurations, a direct-mounting coupler is used. They are
available for equal or unequal loss operation. Equal loss is nominally 3.5/3.5 dB.
Unequal is nominally 1.5/6.5 dB.

ODU 300hp and ODU 300ep Compatibility
These units are air-compatible, but the following points should be considered:

e When sparing an ODU 300hp with an ODU 300ep (or vice-versa), both ODUs must
be on the same frequency band and the selected sub-band option must support the
carrier spot frequencies. In some cases the sub-band options differ.

e ODU 300hp weighs 6.4 kg, whereas the ODU 300ep weighs 8.3kg.

e ODU 300hp power consumption is nominally 40W, whereas the ODU 300ep
consumption is 50W. Where appropriate, consider the impact on site power supply
loading when sparing an ODU 300hp with an ODU 300ep.

e The Tx power control range for the ODU 300hp and the ODU 300ep differ. The
manual Tx control range must be considered for heavily (manually) attenuated links
when substituting an ODU 300ep with an ODU 300hp.

e The Tx output power and Rx sensitivity figures for ODU 300hp and ODU 300ep vary
depending on the ODU frequency band. Refer to the 9500 MXC datasheets for
specific details. Differences should be considered to ensure target design fade
margins are maintained when substituting ODU 300ep for ODU 300hp, and
vice-versa.

¢ In a protected RAC40 pairing, support is provided from SW release 4.3, for mixed
ODU 300hp and ODU 300ep operation. Mixed hp/ep operation in protected RAC 40
configurations prior to this release is hot recommended.

Further Information
Refer to Volume 111, Chapter 2. for information on:
« Installation
< Lightning surge suppression
» Waveguide flange data
Refer to the 9500 MXC datasheets (ETSI or ANSI) for complete specifications.
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Chapter 5. configuration and Diagnostics

This chapter introduces features and capabilities of the craft terminal, 9500 MXC CT.

9500 MXC is a software-driven product; there are no manual controls.

9500 MXC CT

CT is a web-enabled application supported in the 9500 MXC system software. Once
installed on a PC, it automatically downloads support from the radio as needed to
ensure CT always matches the version of system software supplied, or subsequently
downloaded in any radio upgrade. For information on auto-matching, refer to Volume
4, Chapter 2.

CT has the look and feel of a Windows environment with screen-based views and
prompts for all configuration and diagnostic attributes.

There are two PC to INU/INUe or IDU connection options: 10/100Base-T Ethernet, or
V.24/RS-232:

< Ethernet provides faster communication and supports access to all other
NMS-connected Nodes/Terminals on the network. There are three Ethernet
connection options:

e Auto discovery of the IP address and terminal name of the connected terminal,
with auto matching of the CT PC addressing.

< Direct-entry of a LAN compatible IP address within the TCP/IP properties
window on your CT PC. This is used where the auto discovery mechanism cannot
establish compatible routing with the connected terminal.

e DHCP connection, where the 9500 MXC Node/Terminal is the server and your
CT PC the client.

e V.24/RS-232 is required in the absence of a DHCP connection option where the
address of a Node/Terminal is unknown. It is typically used to load an IP address
into a new, unconfigured Node/Terminal, from which point Ethernet is used.

For an overview of configuration and diagnostic features, refer to 9500 MXC CT
Feature Summary on page 5-1.

For information on CT PC connection, refer to Volume 1V, Chapter 2.

9500 MXC CT Feature Summary

Table 5-1 summarizes configuration features, Table 5-2 diagnostic features.

For detail information on CT installation and operation, refer to Volume IV.
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Table 5-1. 9500 MXC CT Configuration Features

Configuration
Feature

Function Summary

Plug-in slot location
(INU/INUe)

Plug-in/module setup

Protection settings

Circuit cross-connect
configuration

Network management
IP addressing and
routing

Alarm Actions

Date and time

License upgrade

Software
management

The system summary screen (Diagnostics) is used to verify
installation of new plug-ins, or the removal or re-location of
existing plug-ins.

Screens prompt for all configuration actions relevant to the selected
plug-in/module.

For 9500 MXC Node the protection screen supports RAC/ODU
partnering for hot-standby, space diversity, frequency diversity, or
ring. It also supports RAC 30 and DAC 1550M partnering for a
radio-to-fiber ring transition.

For permitted Terminals, the protection screen supports IDU/IDU
partnering for hot-standby, diversity or ring operation.

For the Node, circuit screens prompt for traffic and auxiliary
cross-connections between all relevant plug-ins. Additionally, the
TDM backplane bus is configured for NxE1, DS1, E3, DS3, or STM1/
OC3 operation.

For the Terminal, the Circuits screen is only applicable to the IDU
ES.

Networking screens support single or individual port-based
addressing, and static or dynamic routing. Also selection of an
Ethernet DHCP server option for CT PC DHCP log in.

Prompts the mapping of alarm input/output actions within a 9500
MXC network.

Date and time screens prompt for date and time settings based on
locality or PC settings.

The licensing screen provides a view of the licensed capacity for a
Node or Terminal, and prompts for the up-loading of a new license.

The software management screen supports loading of system
software.

Table 5-2. 9500 MXC CT Diagnostic Features

Diagnostic Feature

Function Summary

System summary

The system summary screen provides a system layout and
real-time status overview for a Node or Terminal.

The layout options support slot assignment selection/confirmation
for INU/INUe plug-in options.

Circuit connection data provides a visual indication of all traffic
cross-connections for an INU/INUe.

Includes quick-access menus to relevant configuration and
diagnostics screens, as well as single-click access to relevant
alarms screens.
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Diagnostic Feature Function Summary

Status bar A top-level alarm severity icon is displayed within the status bar of
all screens. It is supported by problem icons and mouse-over
tool-tips, with single-click access to the System Summary screen
for more data.

Event browser The events browser screen provides a real-time view of all alarms,
both active and cleared. Icons indicate severity, and if active or
cleared. All events are time and date stamped, and options are
provided to view just current alarms, or all occurrences of a
selected alarm type. The events listing can also be exported as a
csv (Excel) file.

History History screens provide selection of 15-minute or 24-hour options.
15-minute provides viewing of seven days worth of 15 minute data
bins; 24-hour provides one months worth of 1 day data bins.
Screens are provided for RACs and for Ethernet DACs.

RACs: The graph option provides a histogram of G.826 statistics,
G.821 bit errors, event detected, configuration changes, and RSL.
The report option enables selection of five history summaries:
G.826, G.821, RSL, Event or Configuration.

Ethernet DACs: Screens present Ethernet Rx and Tx statistics per
port and channel, events and configuration changes.

Alarms The alarms screen provides a tree-view of all alarm actions for a
selected plug-in since log-on, or a history reset.

Performance For a link (RAC) the performance screen provides G.826 data, RSL,
current BER, remote fade margin, transmit power, ODU
temperature, and ODU supply voltage.

For the DAC ES and DAC GE it presents RMON performance data.

System controls Systems controls presents plug-in and module relevant diagnostic
menus for setting loopbacks, AIS, protection locks, Tx mute, and
BER testing.

For DAC ES and DAC GE it presents Ethernet data dashboards,
which include Tx and Rx throughput, discards and errors per port
and channel.

Circuit Loopbacks Circuit loopbacks supports activation of a both-way loopback on
the TDM bus.
Parts The parts screen provides information on serial number, part

number, and time in service for a selected plug-in.

Advanced Provides software reset and history-clear functions:

Management . .
9 = The software reset is equivalent to a power-down reboot (power

off - pause - power on), and saves a copy of the Helpdesk Data
File to a default folder on your CT PC.

« The clear option clears all (unwanted) historical data from the
Event Browser and History screens.
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Chapter 6. 9500 MXC
Performance and Diagnostic
Features

This chapter highlights some of the extensive 9500 MXC performance and diagnostic
features. Refer to:

e 9500 MXC Node on page 6-1

e 9500 MXC Terminal on page 6-5
e Operation on page 6-6

< Diagnostics on page 6-7

9500 MXC Node

9500 MXC Node provides unmatched capabilities and ease of configuration at sites
where two or more links are required, and/or where a link, or links are to be protected
for hot-standby, diversity or ring operation. Refer to:

e Platform

e Multiplexer Modes

« Capacity and Modulation

e Super PDH

* Internal Cross-connects

e Protection

e Dual Protection

e Ethernet

e Co-channel XPIC

¢ Auxiliary Data and Alarm 1/0

Platform

The Node delivers a nodal solution; one 9500 MXC platform directly supports up to six
links. Radio paths and customer interfaces are customized by plug-in cards, with
interconnection of traffic and services on a high-speed backplane bus.

For TDM transport the Node is SW configurable for link capacities from 4 to 100xEL1,
or 4 to 127xDS1. Other traffic options are E3, DS3, STM1/0C3

For Fast and Gigabit Ethernet the Node is SW configurable for link capacities from 6 to
300 Mbps.

Path options include hot-standby, space diversity, frequency diversity, and ring. Dual
protection options are also available, as is co-channel XPIC operation.
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INUs

ODUs

Frequency bands extend from 6 to 38 GHz.
See INUs and ODUs.

The 1RU INU supports a maximum of three ODUs for three non-protected links, or one
protected/diversity link with one non-protected link

The 2RU INUe supports a maximum of six ODUs for six non-protected links, or up to
three protected/diversity links

Each ODU is supported by a RAC plug-in via a single coax cable.

There are two ODUs:

e ODU 300hp for 6 to 38 GHz with high Tx power, capacities from 5xE1 or 4xDS1 to
2xXSTM1/0C3, and modulation options from QPSK to 256QAM.

e ODU 300ep for 6 to 23 GHz with extended Tx power, capacities from 5xE1 or 4xDS1
2xXSTM1/0C3, and modulation options from QPSK to 256QAM.

Multiplexer Modes

Where a combination of rates is needed on the same Node, such as STM1/0C3 and E1/
DS1, or E3/DS3 and E1/DS1, multiplexer DACs map the STM1/0C3 or E3/DS3
interfaces to a common E1 or DS1 backplane rate. This allows side-by-side
transportation of STM1/0C3, or E3/DS3 with E1/DS1 traffic over 9500 MXC links.

Capacity and Modulation

Capacity and modulation can be selected up to the maximum supported by each
installed RAC/ODU.

TDM Transport:

e For RAC 30V3, ETSI capacity options extend from 5xE1 to 75xE1, and STM1. North
American options extend from 4xDS1 to 100xDS1, 1xDS3 to 4xDS3, and OC3.

e For the RAC 3X, ETSI capacity options extend from 64x to 100xEL, or 1/2x STML.
ANSI options extend from 32x to 100xDS1, 4xDS3, or 1/2x0C3.

< Capacity is licensed per RAC/link, beginning with a base Node license of six 40xE1
links, or six 16xDS1 links.

Ethernet Transport

« For RAC 30 Ethernet capacity options extend from 6 Mbps to 150 Mbps.
e For RAC 3X the options extend from 50 to 300 Mbps.

e For the CCDP RAC 40, the options extend from 100 to 150 Mbps.

Depending on permitted capacity/bandwidth combinations, modulation is selectable
for QPSK, 16QAM, 32QAM, 64QAM, 128QAM, or 256QAM.

Liquid Bandwidth

Capacity can be assigned between Ethernet and TDM data over the same link.
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e Using an E1/ 2 Mbps backplane bus, traffic is assigned in 1xE1 or 1x2 Mbps steps
between PDH and Ethernet data.

« WithaDS1/ 1.5 Mbps backplane bus, traffic is assigned in 1xDS1 or 1x1.5 Mbps steps
between PDH and Ethernet data.

e With an STM1/0C3 / 150 Mbps backplane bus, IxXSTM1/0C3 and 1x150 Mbps
Ethernet can be transported over the same link.

Super PDH

The extension of over-air capacities to 75xE1 or 100xDS1 (Super PDH) means that for
most backhaul requirements there is no need to migrate to SDH. Staying with PDH
results in significant savings on cost of equipment, complexity, and time.

Internal Cross-connects

By supporting up to six links with internal cross-connects, the Node provides a much
more compact and flexible solution when compared to stand-alone links. Avoiding
patch panels and cabling also provides a neater and more reliable installation, and
software configurability means traffic circuits can be remotely configured and
executed.

Protection
TDM Protection Options

Hot-standby and diversity options are complemented by ring protection for PDH
traffic, where the protection is managed within the 9500 MXC for Super-PDH ring
capacities up to 75xE1 or 100xDS1; no external equipment is required.

Ring protection timers are provided to set an unwrap time, which can be set to act after
a period of error-free operation, or to a time of day.

The DAC 1550M multiplexer plug-in supports fiber ring closures on capacities to 63xE1
or 84xDS1.

DAC (tributary) protection is supported for E3/DS3 and STM1/0C3 DACs, including
the DAC 1550M.

Ethernet Protection Options

The DAC GE directly supports carrier-class RWPR (Resilient Wireless Packet Ring), an
enhanced RSTP capability for Ethernet ring/mesh network topologies. When a ring
connection fails, RWPR supports ring re-convergence times of less than 100 ms,
compared to the 1 to 5 seconds typically needed for RSTP.

Dual Protection

Protected links can also be protected; a master protection option protects two
subordinate protected links, or one protected link with one non-protected link. Dual
protection options are:

< Frequency diversity over two hot-standby links, or over one hot-standby link and one
non-protected link.

« Frequency diversity over two space diversity links, or over one space diversity link
and one non-protected link.
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Ethernet

The 9500 MXC Node provides comprehensive solutions for transporting Ethernet
traffic using the DAC ES plug-in for Fast Ethernet, and DAC GE for Gigabit Ethernet:

DAC ES

« Fast Ethernet is supported on one or two transport channels, with each channel
configurable to 100 Mbps.

< Options include selection of transparent, VLAN or mixed-mode operation, and QoS
policing and prioritization.

» Traffic can be configured to ride side-by-side with E1 or DS1 traffic.
DAC GE

« DAC GE supports one or two transport channels with capacities selected in multiples
of 2 Mbps, 1.5 Mbps, or 150 Mbps.

e For Nx2 Mbps or Nx1.5 Mbps selections, a maximum of 200 Mbps is supported
on one channel, or 200 Mbps total using both channels.

¢ For Nx150 Mbps, channel capacity selections support 150 Mbps on each channel,
or 300 Mbps on one channel.

< Options include selection of transparent, VLAN or mixed-mode operation, QoS
traffic policing and prioritization, RWPR™  link aggregation, and VLAN tagging.

« RWPR delivers enhanced RSTP (Rapid Spanning Tree Protocol), but whereas
RSTP re-convergence times are typically between 1 to 5 seconds, RWPR times are
as low as 50 milliseconds.

e The same RWPR fast-switch capability is also used to optimize layer 2 link
aggregation, when traffic from a failed link is switched to share the bandwidth
available on the remaining link or links.

« Ethernet traffic can be configured to ride side-by-side with E1 or DS1 traffic.

e Using L2 (layer 2) link aggregation multiple Nodes may be co-located to support
virtual link configurations with throughputs to 1000 Mbps.

« L1 (layer 1) link aggregation is also available, which has particular relevance for 300
Mbps router-to-router connections on parallel-path 150 Mbps links.

Co-channel XPIC

Co-channel operation (CCDP) allows two links to operate on different polarizations
over the same radio path and on the same frequency, to provide double the capacity of
a normal link, and only occupy one radio channel. XPIC enhances polarization
discrimination between the vertical and horizontal radio paths.

RAC 40 supports capacities to 75xE1, 100xDS1, 1xSTM1/0C3, or 150 Mbps Ethernet
per link. Together, the paired RAC 40s support up to 150xE1, 300xDS1, 2xSTM1/0C3
or 300 Mbps Ethernet on the same 28 MHz or 30 MHz radio channel.

Auxiliary Data and Alarm 170

The Node supports six 64 kbps synchronous, or 19.2 kbps (1.2 to 19.2 kbps)
asynchronous auxiliary data channels per link, plus an alarm 170 capability. The alarm
1/0 supports up to six TTL alarm inputs and 4 Form C relay outputs per AUX plug-in.

Vol. 11-6-4

Alcatel-Lucent



9500 MXC User Manual

9500 MXC Terminal

9500 MXC Terminal is a single-link terminal, comprising an IDU (Indoor Unit) and
ODU. They may be operated as single links, or back-to-back network connected.

The PDH and SDH Terminals can be paired for protected link operation, and all IDUs
can be over-air interfaced to 9500 MXC Node.

Terminal variants support PDH, SDH or Ethernet applications on bands 5 to 38 GHz:

e IDU 20x supports two operational modes:

¢ In standard mode it supports over-air rates from 5x to 20xE1 or 4x to 16xDS1,
QPSK to 128 QAM, for non-protected, hot-standby, or space diversity operation.

¢ In expanded mode paired terminals are operated as hot-standby or space
diversity links, but the tributary field supports up to 40xE1 or 32xDS1. Path, ODU
and RAC module protection is retained; tributary module protection is not.

< IDU 1550 supports IxSTM1/0C3 via optical LC interfaces, 16 to 128QAM.
Non-protected, hot-standby or space diversity operation.

< IDU ES supports Ethernet to 200 Mbps with up to 8xE1/DS1 waysides, QPSK to
128QAM. Non-protected operation.

< Supports four customer 10/100baseT ports, two over-air transport channels and
comprehensive VLAN and QoS options.

< Channel bandwidths are selectable through a range of modulation options, from
QPSK to 128 QAM, to support operator selection of radio system performance.

ODUs

ODUs used with the Terminals are the same as those used with the Node. Refer to
ODUs on page 6-2.

Inter-operation

Terminals may be linked to like Terminals, and to a 9500 MXC Node to support
Terminal spurring from a Node.

¢ A 9500 MXC Node when equipped with the appropriate RAC, DAC and ODU
combinations interfaces to an IDU 20x, IDU ES or IDU 1550.

Terminal Auxiliary Data and Alarm 170
All Terminals support auxiliary data and alarm 1/0:

e The data interface supports one 64 kbps synchronous or one 19.2 kbps (1.2 t0 19.2
kbps) asynchronous channel.

e The alarm 1/0 supports two TTL alarm inputs and four Form C relay outputs.
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Operation

ATPC

FEC

Advanced operational features include:
e ATPC

e FEC

< Adaptive Equalization

e Tx Power Management

Automatic Transmitter Power Control (ATPC) for the 9500 MXC Node and Terminal
is configurable over their full dynamic range in 0.1 dB steps. ATPC is enabled/disabled
through 9500 MXC CT, with the operator able to select a target fade margin, and low
and high transmit power limits.

All RACs and IDUs employ Reed-Solomon FEC encoding (with interleaving).

RAC 3X, RAC 40, IDU ES and IDU 1550 also incorporate Viterbi encoding on selected
capacity/modulation options.

Reed-Solomon FEC code is utilized to typically correct up to 8 errored bytes per 250/
255 byte block (frame). This improves the receiver 1078 threshold by approximately 3
dB. Actual block size is dependent on the selected capacity for the link.

Immunity to burst noise is enhanced by an interleaving function, which spreads burst
errors evenly over the blocks, reducing the number of errors per block, and improving
the ability for the FEC to correct induced errors. The amount of interleaving performed
is dependent on the transmission capacity, to be over 2 or 4 blocks.

Viterbi is most suited to channels where signal corruption is caused by additive white
(gaussian) noise, which is particularly relevant near receive thresholds when
signal-to-noise ratios are low.

Adaptive Equalization

Adaptive equalization (AE) is employed to improve reliability of operation under
dispersive fade conditions, typically encountered over long and difficult paths.

This is achieved through a multi-tap equalizer consisting of two registers, one with
feed-forward taps, the other with feed-back taps. Each of these registers multiply
successive delayed samples of the received signal by weighting-coefficients to remove
propagation induced inter-symbol interference.

Tx Power Management

9500 MXC platforms provide comprehensive power management options for:
e Power Output
< Power Control Range
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« Power Monitoring

Power Output
Output power is band and modulation dependent.

< ODU 300ep is an extended power ODU, with transmit outputs to 30.5dBm at 6 to 8
GHz, and 21.5 dBm at 23 GHz.

e ODU 300hp is a high power ODU, with transmit outputs to 28.5 dBm at 6 to 8 GHz,
19.5 dBm at 23 GHz, and 17.5 dBm at 38 GHz.

Power Control Range
Transmit power is programmable in 0.1 dB steps.

For the ODU 300hp, the power control range is 20 dB for QPSK, and between 18 dB (16
QAM) and 14 dB (256 QAM) for the QAM options. Accuracy is +/-2dB over range and
temperature.

For the ODU 300ep, the power control range is 30 dB for QPSK and between 26 and to
22 dB for the QAM options, with an accuracy of +/-2dB over range and temperature.

Power Monitoring

The ODU 300 series incorporates a detector for Tx power measurement. It is used to
provide measurement of forward power as a performance parameter, and to provide a
calibration input for transmitter operation over temperature and output range.

Viewed Tx power ranges always match the capabilities of the ODU for a given
modulation. When modulation is changed, 9500 MXC CT automatically adjusts/
restricts Tx Power to be within valid range.

Diagnostics

Diagnostic capabilities include:
e System Summary

» Event Browser

e History

e Alarms

e Performance

e System/Controls

e Circuit Loopbacks

e Front Panel LEDs
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System Summary

The System Summary screen provides a single-view snapshot of the configuration and
health of a Node/Terminal. For the Node it presents plug-in card interconnections,
capacities configured and connection status. Single click access is provided to related
screens for configuration and diagnostics.

Event Browser

The Events Browser screen provides a time and date-stamped view of the most recent
5000 events, both active and cleared. Options include viewing of current alarms only,
or all occurrences of a selected alarm type.

For each alarm or informational event a tab provides access to additional information.
For alarms the alarm description, probable causes, and recommended actions are
displayed. For information events its description is displayed.

History
The History screens provide either a seven day, or one month graphical and report
views of operational history, captured as 15 minute data bins over the most recent
seven days, or daily bins over one month. For links the screen supports G.826 data,
RSL, events, and configuration changes. For Ethernet modules the screen supports Rx
and Tx throughputs, frame type, discards, errors, events and configuration changes.
Alarms
An alarms screen provides a tree-view of all alarm actions for a selected plug-in. For
each alarm a tab provides access to the alarm description, probable causes, and
recommended actions.
Performance
For a RAC the Performance screen provides G.826 data for the selected link, plus Tx
power, RSL, PA temperature, -48Vdc supply voltage at the ODU, and an estimate of
current BER and remote fade margin (fade margin at the far-end Rx).
G.826 data includes:
« Elapsed, available and unavailable seconds
< Errored seconds and errored second ratio
< Severely errored seconds, and ratio
< Block error, background block errors, and ratio
For the Ethernet screens (DAC ES, DAC GE), RMON performance statistics are
displayed for each port and channel, as well as data dashboards for Ethernet
throughput, discards and errors, plus port and channel status summaries.
For a DAC 16x or DAC 4x, background circuit error performance is captured on a
selected EL1 trib using the CRC (Cyclic Redundancy Check) bits in the G.704
multiframe.
For the NCC, temperature and supply voltage are displayed.
Vol. 11-6-8 Alcatel-Lucent



9500 MXC User Manual

System/Controls
The System/Controls screens present diagnostic menus for:
e Link Menu
e Ring Menu
» Data Menu
* AUX Menu

Link Menu

The Link menu applies to RACs and Radios and includes tools for loopbacks, protection
locks and Tx mute:

Loopbacks can be applied on:

« Bus-facing digital or IF loopbacks on RAC plug-ins (Node).
« Customer-facing digital loopback on the Terminal.

e Both-way circuit loopbacks on the TDM bus (Node).

Protection locks enable the locking of a Tx and/or Rx online, and support switching
to online secondary from primary, and vice-versa.

Safety timers are provided on all loopback and lock selections.

Graphics provide a status summary for protected configurations.

Ring Menu

The Ring menu applies to RACs to provide a status graphic and locks for East and West
Online and Offline operation.

¢ RAC East; provides locks for East RAC Tx Mute, and for digital and IF loopbacks.
* RAC West; provides locks for West RAC Tx Mute, and for digital and IF loopbacks.

An Online selection locks the selected west and/or east RAC online; ring wrapping is
disabled. An Offline selection is used to force ring wrapping.

Locks include a safety timer.

Graphics provide a status summary of the ring protected links.

Data Menu

e For PDH and SDH DACs and Terminals the Data menu provides trib-by-trib
selection of loopbacks, transmit AlS, and PRBS generator with G.821 data receiver.

e For the Ethernet DACs and IDU ES, it provides data dashboards, plus port and
channel status summaries.

« For protectable DACs the screen enables Tx and Rx locks, and online status change.

Loopbacks. A loopback or AlS can be enabled on a trib. Line-facing and radio-facing
(bus-facing) loopbacks are supported.
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AUX Menu

BER Test. A PRBS generator and G.821 receiver support looped, and both-way tests
on tribs using a standard BER 2'°! test pattern. User traffic is replaced by the PRBS
test pattern and results viewed on the G.821 receiver. Information includes available
time, bit errors, errored seconds, severely errored seconds, and errored second ratios.
A test can be applied over a single link or multiple links, depending on the routing of
the circuit under test. The 2151 PBRS test pattern can also be used in conjunction with
an external BER test set.

Safety Timer. Locks, loopbacks, and PRBS options are supported by safety timers.

Ethernet dashboards provide overview and detailed graphical presentations of port
and channel throughputs, discards and errors, plus a summary indication of configured
capacities and connection status.

With the exception of AlS, the AUX menu options are the same as the DAC/Terminal
PDH options.

Circuit Loopbacks

The Circuit Loopback screen enables application of a both-way loopback on the TDM
bus. Applies to a 9500 MXC Node only.

Circuit loopbacks may be applied to E1, E3, DS1, DS3 or STM1/0C3 selections.
Auxiliary data circuits are also supported. Only one Circuit Loopback can be applied at
a time, and only traffic on the selected circuit is affected by circuit loopback activation.

In conjunction with the built-in PRBS Generator in DAC plug-ins, the circuits loopback
function provides a user-friendly tool for tracing and checking a circuit through a
network of 9500 MXC Nodes.

Front Panel LEDs

Front panel LEDs provide a quick indication of status, online, diagnostic and alarm
states. Refer to 9500 MXC LEDs on page 2-9 of Volume IV for information on LED
indications.
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Chapter 1. Introduction

This volume provides installation procedures and guidance for the 9500 MXC radios,
from unpacking and checking the equipment to completion of the physical installation
and antenna alignment.

This chapter includes:

e Product Compliance

9500 MXC Health and Safety Requirements
Installation Overview on page 1-2

« Before Going On Site on page 1-3

Product Compliance

9500 MXC has been tested for and meets EMC Directive 89/336/EEC. The equipment was tested using
screened cabling; if any other type of cable is used, it may violate compliance.

9500 MXC is a Class A product. In a domestic environment it may cause radio interference in
which case the user may be required to take adequate measures. This equipment is intended to
be used exclusively in telecommunications centers.

9500 MXC Health and Safety Requirements

The installation must comply with the relevant health and safety practices when
working on or around the 9500 MXC radio equipment. Refer to Volume 1 of this
manual.
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Introduction

Installation Overview

Figure 1-1 shows an overview of a typical installation procedure.
Figure 1-1. 9500 MXC Hardware Installation Overview

Hardware Installation

\> Antenna Alignment

\> Pre-Installation

Customer supplied tools and equipment

Unpacking the equipment
Verifying the system configuration
« Check basic components
« Check kits and accessories

\> Installation

Antenna
ODU
ODU grounding
ODU cable
« Cable running and fastening
« Fitting and weatherproofing connectors
« Cable grounding
« Lightning surge suppressor
INU or IDU
INU plug-in cards
Traffic and NMS cables
Options
- EOW
« AC power supply

Power on
Connect PC and logon
Check status
Configure

¢ Align the antenna

RSSI at the ODU or,
RSL indication in 9500 MXC CT *

9500 MXC CT

Installation can be completed up to antenna alignment without the use of 9500 MXC
CT, the PC based craft terminal. 9500 MXC CT is required to check and configure a
9500 MXC Node or Terminal.

Vol. 111-1-2
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Before Going On Site

This section includes:
* Tools and Material
« Unpacking the Equipment

Tools and Material
Ensure you have the following tools and material before going to site.
Table 1-1 lists the tools and material that must be sourced or supplied by the installer.

Table 1-1. Required Tools and Material

Equipment | Tool/Material Description
Antenna As required by the Alcatel-Lucent offers antennas from various
manufacturer suppliers. Refer to the manufacturer’s data
supplied with each antenna for required and
recommended installation tools and equipment.
9500 MXC Basic electrician’s The kit must include a crimp tool for attaching lugs
Radios toolkit to stranded copper cable, a multimeter, and a set

Open-ended spanners

Torque wrench

Connector crimp tool

Cut-off tool

Hot-air gun

Protective grease and
zinc-rich paint

BNC cable

4mm? (#12) green
PVC insulated strand
copper wire and
grounding lugs

of metric Allen keys for the polarization rotator
bolts.

19 mm (3/4”) open-ended spanner for attaching
the ODU to the mounting collar.

Capable of 66 N-m or 50 ft-lb, with a selection of
sockets for antenna mount fastening

Where crimp-type coax connectors are used,
ensure the correct crimp tool is used.

Where solid-outer coax is used for the ODU cable,
the correct cut-off tool should be used to avoid
damage to the cable outer.

For use on heat-shrink tubing.

For weather-protecting grounding attachment
points on towers and grounding bars.

To access the RSSI voltage at the ODU for antenna
alignment. This could be a BNC to banana plugs
cable for connection to a multimeter. Such a cable
is available as an optional accessory from
Alcatel-Lucent.

For grounding the indoor unit to the rack/frame

3DB 23063 AEAA - Rev 005 June 2008
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Equipment | Tool/Material Description

16 mm? (#6) green For grounding the rack to the station ground
PVC insulated strand

copper wire and

grounding lugs

Unpacking the Equipment
To unpack the equipment:

1. Open the shipping boxes, carefully remove the equipment and place it on a clean,
flat working surface.

2. Ensure all the basic components and accessories for your system have been
included in the shipment by comparing the packaging, component part numbers
and product descriptions against the packing list, and cross-checking against the
installation datapack for the system to be installed.

3. If there has been shipping damage or there are discrepancies between the
equipment expected and the equipment received, contact your Alcatel-Lucent
service support center or your supplier.
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This chapter describes the following installation procedures:
« Installing the Antenna

 Installing the ODU

 Installing a Coupler

« Installing ODU Cables and Connectors

« Installing Lightning Surge Suppressors

« Weatherproofing

Installing the Antenna

Antennas must be installed in accordance with the manufacturer’s instructions.

« For direct-mounted ODUs the antenna includes a collar with integral polarization
rotator. Dependant on frequency band, these antennas are available in diameters up
to 1.8 m (6 ft).

* Where standard antennas are to be used, the ODU must be installed on a
remote-mount, and a flexible waveguide used to connect to its antenna.

Before going to the site, check that you have the required installation tools as
recommended by the antenna manufacturer, and that you have data for positioning the
antenna on the tower, its polarization and initial pointing.

e For direct-mounted ODUs, polarization is determined by the setting of the
polarization rotator.

< For standard antennas, polarization is determined by the orientation of the antenna.

Installing the ODU

There are two ODU variants; ODU 300hp and ODU 300ep. For details refer to Outdoor
Units, Volume 11, Chapter 4.

« All ODUs are designed for direct-mounting to a collar supplied with direct-fit
antennas.

< All ODUs can also be installed with standard antennas using a flex-waveguide
remote-mount Kit.

For single-antenna protected operation a coupler is available to support direct
mounting of the two ODUs to its antenna, or to support direct mounting onto a
remote-mounted coupler.

Refer to:
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e Direct-Mounted ODUs on page 2-2
* Remote-Mounted ODUs on page 2-8
e Grounding the ODU on page 2-12

Direct-Mounted ODUs
Refer to:
e QOverview on page 2-2
 Setting the Polarization on page 2-4
» Direct-Mount ODU Attachment Procedure on page 2-7

Overview

The ODU is attached to its mounting collar using four mounting bolts, with captive
19 mm (3/4”) nuts.

The ODU mounts directly to its antenna mount, as shown in Figure 2-1.

Figure 2-1. ODU and Mounting Collar

Figure 2-2 shows the ODU mounting collar, pole mount and polarization rotator for an
Andrew antenna.
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Figure 2-2. Andrew Pole Mount and ODU Mounting Collar

Figure 2-3 shows the ODU mounting collar, pole mount, and polarization rotator for a
Radio Waves antenna.

Figure 2-3. Radio Waves Pole Mount and Mounting Collar

Figure 2-4 shows the ODU mounting collar, pole mount, and polarization rotator for a
Precision antenna.
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Figure 2-4. Precision Pole Mount and ODU Mounting Collar

Next step: Setting the Polarization on page 2-4.

Setting the Polarization

o

Antenna installation instructions are included with all antennas. These
instructions include procedures for setting polarization.

The polarization of the transmitted signal, horizontal or vertical, is determined by the
antenna. The polarization of the ODU is set to match its antenna

¢ Direct-Mounted ODUs: For direct-mounted ODUs, antenna polarization is set
using a polarization rotator fitted within the ODU mounting collar.

The rotator is an integral part of the antenna mount. Vertical polarization is the
default setting.

The V and H settings are indicated on the rotator head.

« Remote-Mounted ODUSs are used where standard antennas are used (antennas
are not fitted with the 9500 MXC mounting collar), or where dual-polarized
antennas are installed for CCDP XPIC operation.

Antenna installation for V or H polarization is normally determined by the
orientation of the waveguide port / slot.

To remote mount an ODU, refer to Remote-Mounted ODUs on page 2-8.

Figure 2-5 illustrates antenna waveguide port (slot) orientation for vertical and
horizontal polarization settings.
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Figure 2-5. Antenna Waveguide Slot Orientation for V and H Polarization

Vertical Polarization Horizontal Polarization

Dual Polarized Antennas

Dual polarized antennas may not be not marked for V and H, and may also present the
same orientation for both ports. However, one port should have a straight waveguide
feed into its antenna, the other should include a 90 degree twist.

< For convention, if ports are not marked for V and H, it is recommended that the port
that has the straight waveguide feed is selected as the vertical antenna feed port.

< Ensure the same port is selected for vertical at both ends.

< Where possible, the same ‘above and below’ relationship of the feed ports should be
used at both ends. For example, if at one end the vertical feed port is located above
the horizontal port, then the same relationship should be used at the other end.

ODU Rotator Procedure

If the ODU rotator is not set for the required polarization, you must adjust its
orientation. This topic describes typical adjustment procedures for Andrew and Radio
Waves antennas.

Procedure for Andrew Rotator
To change the polarization of the Andrew antenna:

1. Release (do not completely undo) the six metric Allen-head screws approximately
10 mm (3/8 inch). Pull the collar forward and hold the rotator back, which will
allow the rotator to disengage from a notch in the collar, and turn freely.

2. Turn the rotator hub 90° until it locates back into a notched “timing recess” in the
collar.

3. Check that the timing mark on the rotator hub has aligned with either aV oran H
on the collar to confirm polarization. Refer to Figure 2-6 on page 2-6.

4. Ensure the rotator hub is correctly seated within its collar, then push the collar back
against the antenna mount and re-tighten the six screws.
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Figure 2-6. Andrew ODU Collar and Polarization Rotator

Vertical Polarization Horizontal Polarization

Timing mark on rotator hub Collar Rotator Timing mark on rotator hub
aligned with V on collar aligned with H on collar

Procedure for Radio Waves Rotator

The polarization rotator is fixed by three metric Allen-head bolts.
To change the polarization of the Radio Waves antenna:

1. Loosen the bolts. Refer to Figure 2-7.

2. Rotate to other end of the slots. Refer to Figure 2-7.

3. Check bolt heads are located in the slot recesses.

4. Refasten.

Figure 2-7 shows a close-up of the polarization rotator being released from the vertical
position (left) and rotated clockwise towards horizontal (right).

Figure 2-7. Radio Waves Polarization Rotator

ODU Polarization

The ODU must be mounted on the collar to match the chosen polarization. Correct
positioning for vertical or horizontal polarization is shown in Figure 2-8.
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Figure 2-8. ODU Orientation for Vertical or Horizontal Polarization

Vertical Polarization Horizontal Polarization
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Waveguide feed head

Mounting bolts with
captive nuts
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An ODU should be installed with its connectors facing down.

Next step: Direct-Mount ODU Attachment Procedure on page 2-7.

Direct-Mount ODU Attachment Procedure
This topic describes the physical attachment of an ODU to an antenna mounting collar.
Related procedures are:

« Installing the ODU Lightning Surge Suppressor; refer to Installing Lightning Surge
Suppressors on page 2-20. This is only required for ODUs not fitted with an internal
lightning surge suppressor.

e Grounding an ODU; refer to Grounding the ODU on page 2-12
« Installing the ODU cable and connectors; refer to Installing ODU Cables and
Connectors on page 2-16
Attaching the ODU
An ODU should be installed with connectors facing down.
To attach the ODU:

1. Check that the ODU mounting collar, polarization rotator, ODU waveguide feed
head and O-ring, are undamaged, clean, and dry.

2. Set the polarization rotator for the required polarization. Refer to Setting the
Polarization on page 2-4.

3. Apply a thin layer of silicon grease around the ODU feed-head O-ring.
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A tube of silicon grease is included in the ODU installation Kit.

4. Fully loosen the nuts on the four ODU mounting bolts.

Position the ODU so the waveguide slots (ODU and rotator) will be aligned when
the ODU is rotated to its end position.

6. Fitthe ODU onto its mounting collar by inserting the bolts through receptor holes
in the collar, then rotate the ODU clockwise to bring the mounting bolts hard up
against the slot ends.

7. Carefully bring the ODU forward to fully engage the ODU feed head with the
polarization rotator.

8. Finger-tighten the four nuts, checking to ensure correct engagement of ODU with
mounting collar.

9. Ensure the ODU bolt-down points are correctly seated, then tighten the four nuts
with an open-ended 19 mm (3/4”) spanner.

10. To remove an ODU, reverse this procedure.

When removing an ODU from its mount, ensure the ODU fastening nuts
are fully released.

Remote-Mounted ODUs

Refer to:

* Remote-Mount Overview on page 2-8

e Waveguide Flange Data on page 2-10

« Remote-Mount Installation Procedure on page 2-11

Remote-Mount Overview

An ODU can be installed separate from its antenna, using a remote-mount to support
the ODU, and a flexible-waveguide to connect the ODU to its antenna:

A remote mount allows use of standard, single or dual polarization antennas.

The mount can also be used to remotely support a protected ODU pairing installed on
a coupler. The coupler connects to the remote mount assembly in the same way as an
ODU.

When co-channel XPIC, single antenna link operation is required, the two
ODUs must each be connected to their respective V and H antenna ports
using remote mounts.

Vol. 111-2-8
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The remote mount clamps to a standard 114.3 mm (4.5 ”) pole-mount, and is common
to all frequency bands. Figure 2-9 shows an ODU installed on a remote mount.

Figure 2-9. Remote Mount

Flexible waveguides are frequency band specific and are available in two lengths:
e 600 mm (2 ft) for frequency bands 18 to 38 GHz
< 1000 mm (3.28 ft) for frequency bands 6 to 15 GHz

Both flange ends are identical, and are grooved for a half-thickness gasket, which is
supplied with the waveguide, along with flange mounting bolts.

To prevent wind-flex, a flexible waveguide or coax must be suitably fastened or
supported over its length. Where it is not possible to fasten directly to the support
structure, hanger assemblies are recommended, comprising a stainless steel clamp,
threaded rod and a form-fit rubber grommet. Figure 2-10 shows a typical assembly for
a 28 to 38 GHz flexible waveguide.

Figure 2-10. Flexible Waveguide Hanger Assembly
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VAN

The flexible waveguides have tin-plated brass flanges to
minimize dissimilar-metal corrosion between the aluminum
feed-head on the ODU and the brass antenna port(s) used on
most standard antennas.

Where a flexible-waveguide length greater than the standard
length in the 9500 MXC accessories list is needed, contact your
Alcatel-Lucent service support center.

Next steps:
» Waveguide Flange Data

« Remote-Mount Installation Procedure on page 2-11

Waveguide Flange Data

Table 2-1 lists the antenna port flange types used with the ODU 300, plus their mating
flange options and fastening hardware for remote mount installations. UDR/PDR
flanges are rectangular; UBR/PDR flanges are square.

On the ODU, the two flange styles are:

< UDR. 6-hole or 8-hole (6/8 bolt holes depending on frequency range/waveguide
type), flush-face flange with threaded, blind holes.

* UBR. 4-hole flush-face flange with threaded, blind holes.

The corresponding mating flange styles are:

« PDR. 6-hole or 8-hole flange with gasket groove and clear holes.
* PBR. 4-hole flange with a gasket groove and clear holes.

All fastening hardware is metric.
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Table 2-1. Waveguide Flange Data

Freq Band Radio Wavegui | Wavegui | Spring Bolts | Bolt Threa | Hole Bolt Length Required
Flange de de Type | Washe | Reqd| Type d Spec| Depth
Mating rs mm
Flange Reqd
6GHz UDR70 PDR70 WR137 8 x M5 8 M5x0. 6H 10 Flange thickness + Hole depth
8 -2mm
7/8GHz UDR84 PDR84 WR112 8 x M4 8 M4x0. 6H 8 Flange thickness + Hole depth
7 -2mm
10/11GHz UDR10 PDR100 WR90 8 x M4 8 M4x0. 6H 8 Flange thickness + Hole depth
0 7 -2mm
13GHz UBR12 PBR120 WR75 4 x M4 4 M4x0. 6H 8 Flange thickness + Hole depth
0 7 - 2mm
15GHz UBR14 PBR140 WR62 4 x M4 4 M4x0. 6H 8 Flange thickness + Hole depth
0 7 - 2mm
18/23/ UBR22 PBR220 WR42 4 x M3 4 M3x0. 6H 6 Flange thickness + Hole depth
26GHz 0 5 - 2mm
28/32/38 UBR32 PBR320 WR28 4 x M3 4 M3x0. 6H 6 Flange thickness + Hole depth
0 5 -2mm

Remote-Mount Installation Procedure

This topic describes the installation of a remote mount, the attachment of the ODU to
the mount, and the installation of the flexible waveguide.

Related procedures are:

« Installing the ODU Lightning Surge Suppressor; refer to Installing Lightning Surge
Suppressors on page 2-20.

e Grounding an ODU; refer to Grounding the ODU on page 2-12

« Installing the ODU cable and connectors; refer to Installing ODU Cables and
Connectors on page 2-16

Installing the Remote Mount

The remote mount attaches to a standard 112 mm (4”) pipe mount using two saddle
clamps. It can be installed either way up, and with a left or a right offset.

Firmly fasten the clamp nuts.

Attaching the ODU and Flexible Waveguide

Before attaching the ODU to the remote mount, fit the flexible waveguide to the ODU.

1. Remove one gasket from the packet supplied with the flexible waveguide, apply a
thin smear of silicon grease to the gasket, and fit the gasket to the recess in the
flange.

Firmly attach the flange to the ODU feed head using the bolts supplied.

Fully loosen the nuts on the four ODU mounting bolts, then thread the waveguide
through the center of the mount.

4. Attach the ODU to the mount by inserting the bolts through the receptor holes, and
rotating the ODU clockwise to bring the mounting bolts hard up against the slot
ends.

Tighten the four nuts with an open-ended 19 mm (3/4™) spanner.

Prepare the antenna-end of the flexible waveguide as in step 1 above.
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7. Check, and adjust if necessary, the run of the waveguide for best protection and
support position before fastening the flange to the antenna port.

8. Secure the waveguide to prevent wind-flex using hanger assemblies or similar. If
cable ties are used, do not over-tighten.

Grounding the ODU

VAN

The ODU must be installed with a lightning surge suppressor.
Failure to do so can invalidate the Alcatel-Lucent warranty. Refer
to Installing Lightning Surge Suppressors on page 2-20.

This procedure applies where the ODU must be directly grounded, as distinct from
being grounded via a suppressor support bracket.

It applies where:

e The ODU is fitted with an internal suppressor. Refer to Installing Lightning Surge
Suppressors on page 2-20.

e The ODU is installed with an external suppressor but without a suppressor support
bracket. In this instance one ground wire is installed to ground the ODU, and a
separate ground wire is installed for the surge suppressor.

< For a procedure to ground the suppressor, refer to Installing a Suppressor
Without a Support Bracket on page 2-31.

e For an ODU installed with a suppressor support bracket, refer to: Installing a
Suppressor With a Support Bracket on page 2-27.

ODU Grounding Procedure

To ground the ODU:

1. Locate the green 2 m ground wire in the ODU installation Kit. One end is fitted with
a crimp lug, the other is free.

2. Fasten the lugged end of ground wire to the ODU grounding stud. Before
tightening, ensure the cable is correctly aligned towards the tower.

3. Locate a position on a tower member for the ground clamp. This must be as close
as practical below the ODU for downward-angled positioning of the ground wire.

VAN

Run the ground wire down from the ODU to its ground point using
the shortest practical path. Do not loop or spiral the ground wire.

4. Scrape any paint or oxidation from the tower at the clamping point to ensure there
will be good low-resistance contact.

5. Cut the ground wire so there will be a just a little slack in the wire when it is
connected to the ground clamp. A ground clamp is supplied as part of all ODU
Cable Installation and Suppressor Kits.

Vol. 111-2-12
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6. Strip the insulation back by 25 mm (1 inch), fit into ground clamp, and firmly
secure the clamp to tower.

7. Liberally apply conductive grease/paste around the ground clamp to provide
corrosion resistance. Also apply to the ODU ground stud.

Installing a Coupler

Refer to:

e Coupler Overview on page 2-13

e Coupler Installation Procedure on page 2-13

e Unused and Disconnected Coupler Ports on page 2-16

Coupler Overview

Coupler

Couplers (combiners) are available for equal loss or unequal loss.

« For equal loss the attenuation per side is nominally 3.5 dB (3.5 /7 3.5 dB), which
applies to both the transmit and receive directions, meaning the additional total
one-way attenuation compared to a non-protected link is 7 dB.

e For unequal loss the attenuation is nominally 1.5/6.5 dB. They have application on
rain-affected bands, 13 GHz and above.

When using a coupler to combine two ODUs onto a single polarization the operating
channels must be chosen from within the same diplexer option. If the two ODUs are not
from the same tuning/diplexer option then interference may occur, resulting in
degraded link performance.

The rationale for using unequal ratios is that they can be shown to lower annual outage
due to rain fades as compared to links deployed with equal loss couplers.

For band-specific coupler loss data refer to Coupler Losses, Volume 1V, Chapter 7.

Installation Procedure

A coupler installation procedure is included with each coupler

The following procedure summarizes installation of a direct-mounted coupler. A
coupler may also be remote-mounted, with a single flexible waveguide used to connect
the coupler to its antenna.
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Attaching a Direct-Mounted Coupler

Before installing a coupler check there will be sufficient mechanical clearance for the
coupler and its ODUs. There should be no clearance issues using approved antennas
when installed correctly on its mount with the appropriate left or right offset. However
care must be taken at locations where a non-standard antenna installation is required.

The ODUs are attached to the coupler as if attaching to an antenna except that there is
no polarization rotator associated with each ODU. Rather the coupler polarization is
set to match the V or H antenna polarization using O degree or 90 degree coupler
interfaces, which are supplied with the coupler. Couplers are default fitted with the
vertical polarization interface.

A coupler must always be installed onto its antenna before ODUs are attached to the
coupler.

To install a coupler:

For a vertically polarized antenna proceed to step 2. For a horizontally polarized
antenna begin at step 1. (Antenna polarization setting is described in Setting the
Polarization on page 2-4)

1. To change the coupler interface, remove by unscrewing its four retaining screws.
Replace with the required interface, ensuring correct alignment between the
interface and coupler body alignment indicators. Relocate the O-ring to the newly
fitted interface.

2. Remove all protective tape from the waveguide ports and check that the ODU/
coupler mounting collar, polarization rotator, coupler interface and O-ring, are
undamaged, clean, and dry.

3. Apply a thin layer of silicon grease around the coupler interface O-ring.

A tube of silicon grease is included in ODU and coupler installation kits.

4. Fully loosen the nuts on the four coupler mounting bolts.

Position the coupler so the waveguide slots (coupler and rotator) will be aligned
when the ODU is rotated to its end position.

6. Fitthe coupler onto its mounting collar by inserting the bolts through receptor
holes in the collar, then rotate the coupler clockwise to bring the mounting bolts
hard up against the slot ends.

7. Carefully bring the coupler forward to fully engage the coupler feed head with the
polarization rotator in the mounting collar.

8. Finger-tighten the four nuts, checking to ensure correct engagement of coupler
with mounting collar.

9. Ensurethe coupler bolt-down points are correctly seated, then tighten the four nuts
with an open-ended 19 mm (3/4”) spanner.

10. To remove a coupler, reverse this procedure.

Figure 2-11 shows an installed coupler. Figure 2-12 and Figure 2-13 show a completed
installation with ODUSs, surge suppressors and grounding.

Related procedures are:

Vol. 111-2-14
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« Installing the ODUs; refer to Direct-Mount ODU Attachment Procedure on page 2-7.
Note that when attaching an ODU to a coupler there is no requirement to first set a
polarization; the ODUs are attached such that when rotated into position there is
correct alignment of the waveguide slots. ODUs may be attached such that cables exit
to the right or left of the ODU.

« Installing the ODU Lightning Surge Suppressor; refer to Installing Lightning Surge
Suppressors on page 2-20.

e Grounding an ODU; refer to Grounding the ODU on page 2-12

Installing the ODU cable and connectors; refer to Installing ODU Cables and
Connectors on page 2-16

Figure 2-11. Coupler Fitted to Antenna

Figure 2-12. Coupler Installation with ODUs
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Figure 2-13. Coupler Installation with ODUs: Rear View

Unused and Disconnected Coupler Ports

Unused ODU ports on a coupler must the blanked off with a microwave load as at some
frequencies the reflected power can affect operation at the remaining port, partly
canceling the wanted signal.

A flange-mounted termination is used to absorb the RF energy. They are needed in 1+0
and cascaded coupler applications where some ODU ports are left open/not attached
to an ODU.

Terminations are available from Alcatel-Lucent.

Installing ODU Cables and Connectors

VAN

The ODU cable installation must comply with 9500 MXC
requirements. If the cable, suppressors, grounds and
weatherproofing are incorrectly installed, the Alcatel-Lucent
warranty can be voided.

This section includes information on:
ODU Cable on page 2-17
Coaxial Cable Installation Requirements on page 2-17

Cable Grounding on page 2-18

Jumper Cables on page 2-20

Type N Cable Connectors on page 2-20

Vol. 111-2-16
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ODU Cable
Two types of ODU coaxial cable are recommended:
 Alcatel-Lucent ET 390998 - suitable for cable runs to 180 m (590 ft)
« Alcatel-Lucent HPL 50-1/4 XF - suitable for cable runs to 80 m (262 ft)
Both cables are supplied by meter.

9500 MXC User Manual

Alcatel-Lucent ET 390998 Cable Specifications
ET 390998 is a low-loss RG-8 type.

Characteristic impedance: 50 ohms +/- 2 ohms

Center conductor: 7x0.85 bare copper

Insulation: cellular PE

Shield: dual, aluminium foil and tinned copper braid

Jacket: PVC (grey)

Overall diameter: 10.3 mm (0.41 inch)
Nominal attenuation at 400 MHz: 11 dB per 100m (328 ft)

Alcatel-Lucent HPL 50-1/4 XF Cable Specifications

Characteristic impedance: 50 ohms +/- 1.5 ohms

Center conductor diameter : 1.75 mm (0.07 inch)

Insulation: PE

Shield: dual, aluminium foil and tinned copper braid
Jacket: LSOH (black)
Overall diameter: 6.85 mm (0.27 inch)

Nominal attenuation at 450 MHz: 14.3 dB per 100m (328 ft)

Coaxial Cable Installation Requirements
Table 2-2. Installation Requirements for Coaxial Cables Summary

Task Required Explanation

considerations
Installing Crimped connectors Always use the crimp tool designed for the
connectors

When removing the
jacket
- all coaxial cable

crimped connectors/cable being used. A
recommended crimp tool for the connectors
used with the ET 390998 cable is available from
Alcatel-Lucent.

Take great care when removing the jacket to
keep the outer conductor intact. A scored outer
conductor will weaken the cable and, for a solid
outer cable, can cause the outer conductor to
break or crack when subsequently bent.

3DB 23063 AEAA - Rev 005 June 2008
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Task

Required
considerations

Explanation

When removing the
jacket -solid outer
conductor cable

Fastening Type N
connectors

Weatherproofing

Always use the cut-off and strip tool specifically
designed for the cable being used.

Tighten Type N connectors (male to female) by
hand only.

All outdoor connections must be made
weatherproof. Refer to Weatherproofing on
page 2-32.

Planning the route

Protection for the cable

Keep access to tower
and services clear

Ease of running and
fastening

The route chosen must provide physical
protection for the cable (protection against
accidental damage).

The cable must be positioned so that there is
unimpeded access to the tower and to services
on the tower.

Use a route which minimizes potential for
damage to the cable jacket and avoids
excessive cable re-bending.

Installing the cable

Cable jacket

Cable support

Bend radius

Cable ties

Cable grounding

Ice-fall protection

Cable Grounding

Ground kits are included in the ODU Cable Kits.

Keep cable clear of sharp edges

Rod support kits or similar must be used across
unsupported sections of the cable run so that
the cable cannot flex in the wind.

Ensure the minimum bend radius for the cable
is not exceeded.

Use one UV-resistant cable tie (from the ODU
cable kit) every 1m (3 ft) or less, of cable.

Ensure the cable is grounded in accordance with
the instructions provided in Cable Grounding on
page 2-18.

Ensure adequate physical protection for the
cable where ice-fall from towers can occur.

For tower/mast installations the ODU cable must be grounded at:

The point where it comes on to the tower from the ODU

The point where it leaves the tower to go to the equipment building

Not more than 25 m (80 ft) intervals on the tower if the height on the tower exceeds

50 m (165 ft)

A point just prior to building entry. If the building-end lightning surge suppressor is
installed prior to the cable entering the building, the ground kit must be installed on
the tower side of the suppressor. Refer to Figure 2-18 on page 2-23.
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Figure 2-14 on page 2-19 shows typical tower locations for cable grounding and
lightning surge suppressors.Note that an external suppressor is shown at the ODU end.

e From April 2008 an internal suppressor will be phased into production of ODU
300hp. An internal suppressor will not be installed in ODU 300ep. Refer to
Installing Lightning Surge Suppressors on page 2-20.

e For an ODU fitted with an internal surge suppressor, an ODU ground wire is
required.

At non-standard installations, such as building tops or the sides of buildings, follow the
same general guidelines but where proper grounding points are not provided these
must first be installed.

For ground kit installation instructions refer to the guide provided with each kit.

Figure 2-14. Locations for Cable Grounds and Surge Suppressors

ODU & antenna

|| Lightning surge suppressor

— Suppressor and ODU ground wire(s)

A

Cable ground

(i \ ODU cable supported by black cable ties
-—#1_ atnot more than 1m (3 ft) intervals. Must
i not run adjacent to tower lightning ground
or electrical cables.

i P_‘f| A || _ Install additional cable grounds at not more
k+— /]| than 25m (80 ft) intervals if the height of
f [ cable on the tower exceeds 50m (165 ft)

Lightning surge
suppressor

Cable ground

['. : Cable ground
; Rack ground bar

ground bar

| | e | |Site grounding grid/radials
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Jumper Cables

A jumper cable is required from the INU/INUe or IDU, to the lightning surge
suppressor installed at the building entry.

e For the INU/INUe (9500 MXC Node) a 3m jumper cable is included with each RAC,
fitted with an SMA male connector at the RAC end and a Type N female at the
suppressor end. If the run length is greater than 3m, an extension cable must be
prepared to extend the jumper reach, using the ODU cable with Type N connectors
fitted at both ends.

e Forthe IDU (9500 MXC Terminal) a 3m jumper cable is available as an optional IDU
accessory. The cable is fitted with a Type N male connector for the IDU end, and a
Type N female connector at the suppressor end. Otherwise, the ODU cable can be
used to make up a suitable cable.

« Connectors for an extension cable (1 x Type N male and 1 x Type N female) are
included in the Lightning Surge Suppressor installation Kits.

Type N Cable Connectors

VAN

All Type N connectors used outdoors must be weatherproofed. Refer to
Weatherproofing on page 2-32.

Ensure connectors are correctly fitted. Where crimp connectors are used, ensure the
correct crimp tool is used.

Installing Lightning Surge Suppressors

VAN

Failure to correctly install lightning surge suppressors can
invalidate the Alcatel-Lucent warranty. If circumstances do not
appear to warrant installation of suppressors at both ends of the
ODU cable, this should be checked and confirmed in writing with
your Alcatel-Lucent technical support center or an Alcatel-Lucent
approved installation company.

Where there is a threat of lightning strikes at a site, a lightning surge suppressor is
installed in the ODU cable at the ODU. A surge suppressor can also be installed in the
ODU cable at building entry.

« Asurge suppressor is a requirement at the ODU end of the cable.
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e Asurge suppressor should be installed at building entry to provide added protection
to the indoor equipment, including that of other vendors. But where required by the
site owner or by local regulations, it must be installed.

Currently, an external surge suppressor is required at the ODU, but from
April 2008 an internal matrix-type suppressor will be phased into
production to become standard, over time, on all hp series ODUs (ODU
300hp).

Internal suppressors will not be included in the ep series ODUs (ODU 300ep).

For ODUSs fitted with an internal suppressor, an additional external ODU
suppressor may still be required to comply with local installation practices
in regions that experience severe lightning strikes.

For external suppressor installations the supplied suppressor is an in-line matrix type.
It has a dc-blocked RF path with multiple protection stages in the parallel dc path.
These suppressors are designed to withstand repeated strikes and in the event they do
fail, to hard-fail so as not to cause un-certain or intermittent operation.

Two versions are available. They have the same physical dimensions and are
interchangeable:

» Type BGXZ-60NFNM-AS

* Type MHT250-N48

Refer to:

e Internal ODU Surge Suppressor

« Lightning Surge Suppressor Kit on page 2-22

« Suppressor Installation at Building Entry on page 2-22
e Suppressor Installation at the ODU on page 2-24

Internal ODU Surge Suppressor

ODUs fitted with an internal suppressor must be grounded using the ODU Grounding
Procedure on page 2-12. No other special installation procedure is required.

Key benefits of the internal ODU suppressor include:

« Performance comparable to that of the recommended external suppressors.
Complies with IEC 61000-4-5, Class 5 and GR-10890-CORE 4.11, Type 1, 3,5 & 6.
The suppressor supports a multi-strike capability.

< More consistent ODU reliability with guaranteed presence of a protection device.
» Reduced installation accessory costs. (There is no cost increase to the ODU300hp).
« Reduced installation time.

ODUs fitted with the internal suppressor are identified with a label. There
is no change to ODU part numbers.
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Figure 2-15. Identification Label

Internal Lightning
Pratactor Fitted

If an ODU does not have such a label, an external surge suppressor must be fitted.

Lightning Surge Suppressor Kit

The external suppressor kit includes connectors, ground wire, ground clamp,
waterproofing tape, and a support bracket for use at an ODU installation. Kits are
available for one or two suppressors.

Figure 2-16. BGXZ Surge Suppressor

8 ! @)sume "
— BGXZ-BONFNM-AES
BGX® +smhzTo s0omrz
L y
EQUIPMENT )

Suppressor Installation at Building Entry

This topic describes the installation for the suppressor located at the building-entry
end of the ODU cable.

If lightning surge suppressors are not fitted, or are fitted incorrectly, the
Alcatel-Lucent warranty may be voided.

The building entry suppressor must be grounded to the master ground
bar at, or just below, the cable point of entry.

Refer to:
 Positioning the Building Entry Suppressor

« Installing Building Entry Suppressor Procedure

Vol. 111-2-22
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Positioning the Building Entry Suppressor
Table 2-3 describes the location options for the building-entry suppressor.

Table 2-3. Surge Suppressor Installation at Building Entry

Location of Surge Information

Suppressor

Installed inside the The suppressor must be installed as close as practical to cable
building entry, and the suppressor ground wire connected directly to the

master ground bar, or ground bar extension. A normal cable
ground kit must be installed at the point of cable entry outside the
building. Refer to Figure 2-17 on page 2-23.

Installed outside the The suppressor ground must not double as the required
building building-entry cable ground. A separate cable ground kit must
always be installed. Refer to Figure 2-18 on page 2-23.

The suppressor must be installed between the building and the
building-entry cable ground Kit.

Figure 2-17. Suppressor Installed Inside

Inside Outside

Lightning Suppressor

Wall Gland

_

Ground Kit

““—— Master Ground Bar

Equipment /
Racks

Grounded Copper Plate .
Station Ground

Figure 2-18. Suppressor Installed Outside

Outside

Lightning Suppressor

/ Wall Gland / Ground Kit

]

Inside

Ground Lead

Ground Lead

S

Grounded Copper Plate

— Master Ground Bar

Equipment
Racks

Station Ground } }
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Installing Building Entry Suppressor Procedure

To install the lightning surge suppressor at building entry:

1. Determine where the suppressor is to be installed. The normal location is just
inside the building.

2. Trim the cable from the ODU at the point where the suppressor is to be installed.
Terminate the cable with a Type N male connector from the ODU Accessories Kit,
and connect to the Type N female connector on the suppressor.

3. Connect the suppressor to the indoor radio unit (RAC or 9500 MXC Terminal)
using a jumper cable. Refer to Jumper Cables on page 2-20.

4. Fitone end of the ground wire to the suppressor ground bracket using the nuts and
washers supplied.

5. Trim the other end of the ground wire so there is a little slack in the wire when it is
connected to the ground bar. Connection can be made using the Harger ground
clamp from the suppressor installation kit, or by direct bolting, in which case fit a
crimp lug.

6. For an external ground bar, apply copper-based protective grease around the nut/
bolt/lug of the ground-bar end of the ground wire.

7. If the suppressor is located outside the building, connectors must be
weatherproofed. Refer to Weatherproofing on page 2-32. After weatherproofing,
apply copper-based protective grease around the nut/bolt/lug of the suppressor
end of the ground wire.

Suppressor Installation at the ODU

This topic introduces procedures for installing an external lightning surge suppressor
at the ODU.

For ease of installation the suppressor can be attached to the ODU and
weatherproofed (fully or partly) before the ODU (with or without its
antenna) is hoisted into place. This is applicable where the suppressor is
installed with its support bracket.

Use the suppressor support bracket in all situations except where it would result in an
unacceptable looping of the ODU cable back towards the tower, or other antenna
support structure. However, excessive looping can almost always be avoided by fitting
a right-angle connector between the suppressor and ODU cable.

New Universal Suppressor Support Bracket

A new ‘universal’ suppressor support bracket has now replaced the current bracket,
which enables both vertical and horizontal positioning of the suppressor to further
assist placement of the ODU cable. See Figure 2-20 and Figure 2-21.

< The vertical option locates the suppressor in the same way as the existing support
bracket.

< The horizontal option locates the suppressor with its Type N connector on the same
axis as the ODU connector.

Vol. 111-2-24

Alcatel-Lucent



9500 MXC User Manual

e Their installation and weatherproofing procedures are directly similar to the
following procedure for the current support bracket.

When a suppressor is installed with its support bracket, the bracket provides
single-point grounding for the assembly. Refer to Installing a Suppressor With a
Support Bracket on page 2-27.

Installation is shown in Figure 2-19.

When the suppressor is installed without the support bracket, the
suppressor and ODU must be separately grounded. Refer to Installing a Suppressor
Without a Support Bracket on page 2-31.

&

The body of the suppressor does not need to be weatherproofed.

Figure 2-19. Installation of the Suppressor on the ODU

Type N connectors must
be weatherproofed ODU cable attachement

Ground wire for
@

syppressor and ODU
/|
/
Support bracket Suppressor

Ground stud )
Right angle

RSSI connector connector
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Figure 2-20. Universal Support Bracket: Vertical Suppressor Installation
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Figure 2-21. Universal Support Bracket: Horizontal Suppressor Installation

A

NOTE: When the support bracket is fitted for horizontal suppressor installation access
to the RSSI connector is restricted; a BNC right-angle connector must be used to gain
access.
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Installing a Suppressor With a Support Bracket

This procedure describes the installation process using the original suppressor support
bracket, which only supports a ‘vertical’ orientation of the suppressor.

The new universal support bracket supports both a vertical and horizontal orientation.
For the horizontal option, omit the right-angle Type N connector in the following
procedure.

Procedure:

VAN

For ease of installation, complete steps 1 to 13 on the ground.

1. Attach the right-angle Type N connector (supplied in the ODU installation kit) to
the suppressor.

2. Setin the alignment shown and firmly hand-tighten.

3. Weatherproof the connection between the right-angle connector and suppressor
using the self-amalgamating tape supplied in the suppressor installation kit.

Refer to Self Amalgamating Tape on page 2-33.
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4. Partially overlay the amalgamating tape with UV-protecting vinyl tape.

shown.

6. Firmly hand-tighten the Type N connector.

7. Complete the weatherproofing of the right angle connector onto the ODU with
self-amalgamating tape.

Vol. 111-2-28 Alcatel-Lucent



9500 MXC User Manual

8. Complete with a double-wrap overlay of vinyl tape.

9. Lightly coat the base of the suppressor support bracket, the ground lug, and all
three nuts with copper based grease.

10. Fit the support bracket to the suppressor studs and ODU ground stud. Hold in
place using the ground stud nut (loosely hand tighten only).

11. Attach the lugged end of the ground wire and secure with the star washers and nuts
supplied in the suppressor kit.

12. Check the positioning of the bracket, carefully adjusting the assembly if necessary,
and tighten all nuts.
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13. Loop and secure the ground wire before hoisting the ODU into position.

Y
o

14. Attach the terminated ODU cable to the suppressor and firmly hand tighten.

Ensure the cable is first formed (bent to fit) before it is attached to the suppressor.
If necessary fit a right angle connector to ease the running of the ODU cable from
the suppressor.

VAN

Do not attach the ODU cable to the suppressor and then use this
as a levering point to bend the ODU cable. Always bend the ODU
cable to fit onto the suppressor before attaching it to the
suppressor.

15.

16.

17.

18.

19.

Weatherproof the connector assembly with self-amalgamating tape ensuring that
there is 25 mm of overlap onto the jacket of ODU cable, and maximum possible
onto the female barrel. Refer to Self Amalgamating Tape on page 2-33.

Overlay the amalgamating tape with a double layer of vinyl tape.

Using cable ties, tie the ODU cable to the ground wire every 200 mm (8 inches) up
to the point where they meet with the tower.

Secure the tied cable/wire assembly to the antenna mount or suitable hard points
to stop wind flex.

Trim and attach the ground wire to the tower using the supplied Harger ground
clamp. First scrape any paint or oxidation from the tower at the clamping point to
ensure there will be good low-resistance contact.

20. Apply protective grease around the ground clamp assembly.

Figure 2-22 shows a correct installation.
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Figure 2-22. BGXZ Suppressor Installation on an ODU

4

Installing a Suppressor Without a Support Bracket
Procedure:

1. Attach the suppressor to ODU.

2. Attach the ODU cable to the suppressor and firmly hand tighten the Type N
connectors. Ensure the cable is first formed (bent to fit) before it is attached to the
suppressor.

VAN

Do not attach the ODU cable to the suppressor and then use this
as a levering point to bend the ODU cable as this may cause the
right angle connector between suppressor and ODU to fracture.

Always bend the ODU cable to fit onto the suppressor before
attaching it to the suppressor.

3. Weatherproof the connectors. Refer to Wrapping Guidelines, Amalgamating Tape
on page 2-33.

4. Attach the supplied ground wire to the body of the suppressor using the supplied
star washers and nuts.

5. Trim and attach the ground wire to the tower using the supplied Harger ground
clamp. First scrape any paint or oxidation from the tower at the clamping point to
ensure there will be good low-resistance contact.
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6. Separately attach the supplied ground wire to ODU ground stud.
Trim and attach to the tower. Refer to Grounding the ODU on page 2-12.

8. Apply copper-based protective grease around the ground clamp assemblies, and
around the ground studs on the suppressor and ODU.

Weatherproofing

Weatherproofing kits are included with the ODU cable and lightning surge
SUpPressors.

Two types of weatherproofing media are supplied. Refer to:
*Mastic Tape
« Self Amalgamating Tape

Mastic Tape

The ODU cable ground kits include rolls of vinyl and butyl mastic tape. For these, a
two-layer wrap process is recommended:

< An initial layer of mastic tape. It is this tape that provides the weatherproofing.

« A top layer of vinyl tape to support good amalgamation and adhesion of the mastic
tape and to provide UV protection.

VAN

If mastic tape is used to weatherproof connectors a three-layer
process is recommended, where a layer of vinyl tape is applied
before the mastic to facilitate easy strip-back when connector
disconnection is required.

Special attention must be given to ensuring the mastic tape seals
cleanly to the primary surfaces, such as the cable jacket.

Wrapping Guidelines, Mastic Tape

To weatherproof connectors start at 1. To weatherproof a cable ground start at 3.

1. Ensure connectors are firmly hand-tightened, dry, and free from all grease and dirt.
If necessary, clean with rag lightly moistened with alcohol-based cleaner.

2. Pre-wrap using vinyl tape. Use a 25% overlay when wrapping. To avoid curl-back
do not stretch the tape too tightly at the end point.
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VAN

On an ODU connector, leave at least two-thirds of the smooth
length of the barrel clear of pre-wrap vinyl tape, to ensure the
mastic tape has sufficient area of direct grip.

3. Worap with mastic tape using a 75% overlay. Where possible, use not less than a
25 mm (1”) attachment onto the primary surface (25 mm past the cable sheath cut,
or any pre-wrap).

There must be a full seal of mastic tape onto the primary surface for
weatherproofing integrity.

4. Lightly firm over by hand to ensure a full seal at all points, using a tear-off section
of the mastic tape backing to protect your hands. Check that there is no
possibility of water entry before proceeding to the next step

5. Cover the mastic tape with a final layer of vinyl tape. To avoid curl-back, do not
stretch the tape too tightly at the end.

VAN

To avoid displacement of the mastic tape, do not stretch the final
layer of vinyl tape across sharp corners and edges.

Self Amalgamating Tape

Self amalgamating tape binds to the host and bonds between layers to provide a
continuous seal. It is especially useful in tight locations, such as around the Type N
connectors of the suppressor when installed with its support bracket on an ODU.

Wrapping Guidelines, Amalgamating Tape

1. Ensure the connectors are firmly hand-tightened, dry, and free from all grease and
dirt. If necessary, clean with a rag lightly moistened with alcohol-based cleaner.

2. Apply the tape with tension (slight stretching), using at least a 75%
overlay.

3. Where possible, apply the tape 25 mm (1”) past the ends of the connector barrels to
ensure the weatherproof bond extends beyond the areas requiring protection. The
tape must be applied in such a way that the sealing is robust (no obvious weak
points).

4. To avoid curl-back, do not stretch the tape too tightly at the end.
To assist UV protection, a post-wrap using vinyl tape can be applied.
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Chapter 3. Installing the INU and
INUe

The INU and the INU expanded (INUe) are the indoor units for the 9500 MXC Node.
This chapter includes:

« INU/INUe Description on page 3-1

INU/INUe Installation Requirements on page 3-4

¢ Installing an INU on page 3-5

< Plug-in Slot Configuration on page 3-8

¢ Plug-in Installation Requirements on page 3-9

For a description of the plug-ins, refer to Volume 11, Chapter 3.

For information on user-interface connector and cable data, refer to Appendix C.

For information on the 9500 MXC Terminal, refer to Chapter 4. of this Volume.

INU/ZINUe Description

The INU/INUEe is a rack-mounted unit that pairs with one or more ODUs.
An INU/INUe comprises a chassis (IDC/1DCe) and plug-ins.

The IDC/1DCe has dedicated slots for the NCC and FAN plug-ins, and either four slots
(IDC) or ten slots (IDCe) available for optional RAC, DAC, AUX and NPC plug-ins. For
slot allocations and assignments, refer to Plug-in Slot Configuration on page 3-8.

Refer to:

¢ Front Panel Layout on page 3-1
< Power Cable on page 3-3

e Fuses on page 3-3

Front Panel Layout

Figure 3-1 shows an example of an INU front panel, with one DAC x16, two RAC 30s,
and ablanking panel over the unused slot. The names and descriptions for this example
are listed in Table 3-1. For a full description of all plug-ins and their front panel layouts,
refer to Plug-in Cards on page 3-13, Volume 11, Chapter 3.
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Figure 3-1. Typical INU Front Panel Layout
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Table 3-1. INU Front Panel Descriptions

No Item/Label

Description

1 Rack Ear and
grounding stud

RAC 30
NCC

Blank Panel
RAC 30

DAC 16x

N~ o o b~ w N

FAN

Rack attachment bracket for the IDC. One ear has a

combined ESD and IDC grounding stud. The e

ars can be

fitted either side, which provide flush-with-rack-front

mounting.

RAC 30 fitted in slot 1

Mandatory Node Control Card (dedicated slot)
Blanking panel fitted to slot 2

RAC 30 fitted in slot 4

16xE1/DS1 DAC fitted in slot 3

Mandatory fan plug-in (dedicated slot)
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Power Cable

The power cable is supplied in the IDC Installation Kit. It is supplied with the connector
fitted at one end and wire at the other. The cable is nominally 5 m (16 ft), and the wires
are 4 mm? (AWG 12).

The blue (or red) wire must be connected to -48 Vdc (live); the black wire to ground/
+ve.

Figure 3-2. Power Cable and Connector

VAN

DC power connector can be shorted inadvertently if applied at an
angle. Always insert with correct alignment.

Fuses

The NCC and NPC are fitted with a fast acting 25 A fuse fitted on the PCB behind the
power cable connector.
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INU/ZINUe Installation Requirements

Table 3-2. INU Installation Requirements

Function/Requirement

Details

Restricted access

Required Rack Space

Ventilation

Maximum Ambient Temperature

Physical stability

Power supply

Power Supply Location

Power Supply Compliance and
Loading

The INU/INUe and its associated dc power supply must be
installed in a restricted access area such as a secure
equipment room, closet, or cabinet.

The INU requires 44.5 mm (1RU) of vertical rack space and
300 mm rack depth. The INUe requires 89mm (2RU) vertical
rack space.

The INU/INUe requires unobstructed air passage to each side
for ventilation purposes. There must be a minimum of 50 mm
(2 in.) of side spacing to any rack panels, cable bundles or
similar. No space above or below is required for ventilation
purposes.

The INU/INUe is specified for a maximum ambient
temperature (Tmra) of +45° Celsius (113° Fahrenheit). The
maximum ambient temperature (Tmra) of +45° Celsius
applies to the immediate operating environment of the INU,
which if installed in a rack, is the ambient applying to its
location within the rack.

Ensure that adding an INU/INUe to a rack does not adversely
impact the physical stability of the rack.

The INU has the +ve pin on its dc power supply connector
fastened directly to the chassis.

It must be used with a -48 Vdc power supply which has a +ve
ground; the power supply ground conductor is the +ve supply
to the INU.

There must be no switching or disconnecting devices in the
ground conductor between the dc power supply and the point
of connection to an INU/INUe.

The INU/INUe must be installed in the same premises as its dc
power supply and be located in the same immediate area
(such as adjacent racks or cabinets) as any other equipment
that is connected to the same dc power supply.

The dc power supply must be UL or IEC compliant for a
-48 Vdc SELV output (60 Vdc maximum).

Check to ensure that connection of a 9500 MXC system to an
existing dc supply does not overload the supply, circuit
protection devices and wiring.

Where a new dc power supply is to be installed for a 9500 MXC
Node, the power supply must be rated to supply:

e 12.5 A for the INU
e 25 A for the INUe

Vol. 111-3-4
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Function/Requirement Details

Grounding The INU must be grounded to the station or master ground,
which must be the same ground as used for the dc power
supply. Normally this is achieved by grounding the INU to the
ground bar in its equipment rack or frame. This bar is most
often located to one side of the rack or at rack top or bottom.
In turn, the ground bar is grounded to the station ground.

Installing an INU

To install an INU:

1. Fitthe rack mounting ears to the chassis with the grounding stud to left or right side
for the most direct ground wire path to the rack ground bar.

2. Locate the INU/INUe in the equipment rack and secure it using four No.12 Phillips
dome-head screws from the IDC installation kit.

3. Ground the INU/INUe from the grounding stud to the rack/frame ground bar
using a length of 4 mm? (AWG 12) green PVC insulated stranded copper wire with
a suitably sized ground lug at each end (supplied by the installer).

4. If the equipment rack/frame requires grounding, use 16 mm? (AWG 6) wire from
its ground bar to the station ground.

VAN

Do not assume that an existing rack or mounting frame is
correctly grounded. Always check the integrity of the ground
connections, which must include a check through to the master
ground for the station, which should be located at the point of
cable entry to the equipment building.

5. Install the plug-insin their assigned slot positions, and check that their front panels
are flush-fitted (not protruding) and held secure by their fasteners. Ensure unused
slots are covered by blanking panels. Refer to Plug-in Slot Configuration on
page 3-8, and Plug-in Installation Requirements on page 3-9.

6. Fitthe supplied jumper cable between the RAC and lightning impulse surge
suppressor.

7. Secure the cable within the rack/frame using cable ties or similar.

If the jumper cable is too short, make an extension cable. Refer to
Jumper Cables on page 2-20.

8. Fitthe DAC tributary cables. For data on the tributary cable sets, refer to
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Appendix C.

VAN

For a DAC 16X, ensure correct orientation of the Mini RJ-21
connector before pushing it home. This can be checked by the
scalloped key to one side of the connector. Additionally, a trib
cable supplied by Alcatel-Lucent will have the cable exiting to the
right side when viewed from the front.

Do NOT over-tighten the Mini RJ-21 retaining screws

Steps 9 to 14 describe the procedure for preparing the power cable, and preparing for
power-on. Do not connect the power until all steps have been completed.

9. Run the supplied power cable through to the power pick up point, which will
normally be at a circuit breaker panel in the rack. A circuit breaker (or fuse) must
have a capacity of 12 A for the INU and a 25 A for the INUe.

10. Connect the blue (or red) wire to -48 Vdc (live), and the black wire to ground/+ve.
The power input is polarity protected.

11. Measure the voltage on the dc power connector. The voltage should be -48 Vdc, +/
-2 Vdc (limits are -40.5 to - 60 Vdc).

VAN

This product meets the global product safety requirements for
SELV (safety extra-low voltage) rated equipment and the input
voltage must be guaranteed to remain within the SELV limits
(48 V nominal, 60 V maximum) in the event of a single internal
fault.

Always check the integrity of the dc power supply to an INU/
INUe right to its source. Never assume that the supply provided
to the pick-up point in a rack is correct.

9500 MXC dc power, IF, tributary, auxiliary and NMS cables are
not to be routed with any AC mains power lines. They are also to
be kept away from any AC power lines which cross them.

12. Carry out a complete check of the installation. If all is correct, and the ODU and
ODU cable installation has likewise been completed and checked, the 9500 MXC
Node is how ready for power-on.

VAN

Once powered up the ODU(s) will be transmitting with the
pre-configured or ex-factory frequency and power settings
unless the start-up transmit mute option has been invoked. (All
ODUs shipped ex-factory have the transmit-mute set as the
default unless otherwise specified).

Vol. 111-3-6
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If frequency and power settings are not correct, interference can
be caused to other links in the same geographical area.

13. Power on by connecting the power cable to the NCC.

VAN

The DC power connector can be shorted inadvertently if applied
at an angle. Always insert with correct alignment.

Next Step
The 9500 MXC Node is ready for configuration and antenna alignment.

« Refer to Volume 1V, Chapter 4, for configuration.
« Refer to Volume Il1, Chapter 5, for antenna alignment.
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Plug-in Slot Configuration

The IDC has four universal slots and two dedicated slots. The IDCe has six universal
slots, three restricted slots and 4 dedicated slots. Refer to Figure 3-3 for slot loading
details. A populated IDC/IDCe is called an INU/INUe.

Figure 3-3. Slot Numbering for INU and INUe
INU

Slot 1 Slot 2 Slot 3

ueq

NCC Slot 4

Slots 1, 2, 3, 4 are universal: any RAC, DAC or AUX plug-in

Slot 4 is NPC or universal: NPC or any RAC, DAC, AUX

NCC and FAN slots are dedicated

For protected operation the RAC, or RAC/DAC 1550M pairings can be installed in any
of the universal slots

INUe

Slot1 —=— Slot2 —— Slot 3 —— -
Q
Slot4 < Slot5 < Slot6 ~— :

Slot 7 Slot 8 Slot 9
M
El

NCC Slot 10

Slots 1, 2, 3, 4, 5, 6 are universal: any RAC, DAC or AUX plug-in

Slots 7, 8, 9 are restricted: any DAC or AUX (except DAC 1550M and AUX*)
Slot 10 is restricted: NPC option only

NCC and FAN slots are dedicated

For protected operation the RAC, or RAC/DAC 1550M pairings must be installed in
the positions indicated by the arrows

* Internal (backplane) NMS access is only provided for slots 1 to 6. Do not install
DAC 1550M or AUX in slots 7 to 9 if an NMS connection is required in their configuration.

Installing or changing out a plug-in is a straightforward process. The requirements are
detailed in Table 3-3 on page 3-9.

&

During April 2007 an updated IDCe (INUe chassis) was introduced. This
IDCe accepts a new 2RU FAN and also the original 1RU FANSs.

The updated IDCe is form-fit-function compatible with the previous IDCe,
and retains its 002 part number extension.

One 2RU FAN is now supplied as standard with the IDCe.

Vol. 111-3-8
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Plug-in Installation Requirements

Table 3-3 details the plug-in requirements during the installation. Unless specified by
the customer, plug-ins will not be installed in an INU/INUe at shipment. Instead, each
is individually packed within the shipping box.

For details on plug-ins, refer to Plug-in Cards on page 3-13, Volume II.
For user-interface connector and cable data, refer to Appendix C.

Table 3-3. Plug-in Requirements

Function/ Priority | Details
Requirement

Slot Assignment

All slots filled A All slots must be filled with either a plug-in or a blanking
panel. Failure to do so will compromise EMC integrity
CAUTION and distribution of FAN cooling air.
Universal slots RAC, DAC, and AUX plug-ins can be fitted in any

universal slot.

Restricted slots DAC, and AUX plug-ins can be fitted in any restricted
slot. The exceptions are the DAC 1550M and AUX,
which must only be installed in slots 1 to 6 when they
are to be configured to carry/access 9500 MXC NMS,
otherwise they can be installed in slots 7 to 9.

Dedicated slots The NCC, FAN, and NPC plug-ins have dedicated slots.
The NCC and FAN are required plug-ins, the NPC is
optional.

Assigning DAC 16x slots When installing a 16XE1/DS1 DAC, use slots to the right
side for easier trib cable management.

AUX Multiple AUX plug-ins can be installed per INU/INUe.

NPC Only one NPC is required to provide the NCC protection

option. An NPC must be installed in slot 4 of an INU, or
slot 10 of an INUe.

Installing / Changing Plug-ins

ESD grounding strap A Always connect yourself to the INU/INUe with an ESD
grounding strap before changing or removing a plug-in.

CAUTION Failure to do so can cause ESD damage to the plug-ins.

Avoid hand contact with the PCB top and bottom.

Finger-grip fasteners A Plug-ins must be withdrawn and inserted using their
finger-grip fasteners/pulls. Never withdraw or insert
CAUTION using attached cables, as damage to the plug-in
connector and its PCB attachment can occur. If not
complied with, the Alcatel-Lucent warranty may be

voided.
Hot-swappable A Plug-ins are hot-swappable. Removal of an in-service
plug-in will interrupt its traffic. Removal of the NCC will
CAUTION affect all traffic (unless protected by an NPC).
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Function/
Requirement

Priority

Installing the INU and INUe

Details

Engaging backplane
connector

Revision time lag

EMC integrity

A

CAUTION

When installing a plug-in, ensure its backplane
connector is correctly engaged before applying
sufficient pressure to bring the plug-in panel flush with
the front panel.

When swapping or installing plug-ins, up to 60 seconds
can be required for the INU/INUe to show its revised
status via the front panel LEDs, or via 9500 MXC CT.

Plug-ins and blanking panels are held in place by
captive finger-screws. Ensure the finger-screws are
fastened as failure to do so may compromise EMC
integrity and fan cooling.

RACs

Connecting and
disconnecting the ODU
cable at the RAC

Removing RAC from a
powered INU

RAC combinations for
INUe

A

CAUTION

A

CAUTION

Never disconnect or reconnect an ODU cable to a RAC
without first turning the power off to the INU or
withdrawing the RAC from the backplane.

Note: The ODU cable provides the power feed to the ODU.
Arcing during connection and disconnection at the
RAC on a live RAC can cause damage to connector
contact surfaces. Power spikes caused by live
connection and disconnection may also cause errors
on other traffic passing through the INU/INUe. The
only exception to live disconnection and connection
should be for checks of protected operation at link
commissioning.

When removing a RAC from a powered INU, always the
disengage the RAC from the backplane before
disconnecting its ODU cable. Similarly before inserting
an RAC, always reconnect the ODU cable before
engaging the backplane.

An INUe can be fitted with a maximum of six RACs for
one of the following combinations:

« Six non-protected links

« One protected/diversity link plus four non-protected
links

= Two protected/diversity links plus four non-protected
links

« Three protected/diversity links

DACs

DAC combinations

DACs can be fitted singly or in combination to provide
a mix of interface types and capacities provided they
have a common backplane configuration. The
backplane can be set for E1, DS1, DS3, or STM1/0C3.
Mux version DACs allow a mix of interfaces from a
common E1 or DS1 backplane configuration.

Vol. 111-3-10
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Function/ Priority| Details
Requirement

Increasing node To achieve a greater node capacity, two or more INUs
capacity can be interconnected via a DAC option.

DAC 16x Mini RJ-21trib A Ensure correct orientation of the Mini RJ-21 connector
cable connector before pushing it home. This can be checked by the
CAUTION scalloped key to one side of the connector. Additionally,
a trib cable supplied by Alcatel9500 MXC CT will have
the cable exiting to the right side when viewed from the
front.

Ensure the connector retaining screws are not
over-tightened - only use light/moderate screwdriver

pressure.
General
Maximum Capacity of The maximum drop, through plus drop, or through
9500 MXC Node capacity of a 9500 MXC Node comprising one INU/INUe
is one of the following, depending on the backplane
setting:
e 100x E1
e 128xDS1
e 6xDS3
e 2xSTM1/0C3
Antistatic bags A Enclose spare plug-ins, or plug-ins to be returned for
service, in an antistatic bag. When handling a plug-in to
CAUTION or from an antistatic bag, do so at the INU/INUe and
only when you are connected to the INU/INUe via an
ESD ground strap.
Spare blank panels Keep any removed blanking panels for future use.
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Chapter 4. Installing the 1DU

The IDU is the indoor unit for the 9500 MXC Terminal.

9500 MXC Nodes are described in Chapter 3.

This chapter includes:
< IDU Options on page 4-1
e Power Cable on page 4-2

IDU Installation Requirements on page 4-2
 Installing an IDU on page 4-4
For user-interface connector and cable data, refer to Appendix C.

IDU Options

The IDU is a rack mounted unit, which pairs with an ODU to make up the 9500 MXC
Terminal. The ODUs are the ODU 300ep or ODU 300hp.

The IDUs available are:

< IDU 20x, data rates to 20xE1 or 16xDS1 non-protected, or to 40xE1 or 32xDS1
hot-standby or space diversity. Expanded trib mode is required above 20xE1 or 16
xDS1. QPSK to 128 QAM.

e IDU 1550, STM1/0C3 optical, 1+0, 1+1 hot standby, or space diversity, 16/64/
128QAM.

< IDU ES, Ethernet to 200 Mbps with up to 8xE1/DS1 waysides, 1+0, QPSK to
128QAM.

For more information on the IDUs, including front panel layouts, refer to of Volume 11,
Chapter 2.
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Power Cable

A power cable is supplied in the IDU Installation Kit, which has a 2-pin 2W2C fitted at
one end and wire at the other. The cable is nominally 5 m (16 ft), and the wires are
4 mm?2 (AWG 12).

The blue (or red) wire must be connected to -48 Vdc (live); the black wire to ground/

+ve.

Figure 4-1. 2W2C Connector and Cable

O

The 2W2C DC power connector can be shorted inadvertently if applied at
an angle. Always insert with correct alignment.

IDU Installation Requirements

Table 4-1. IDU Installation Requirements

Function /7 Requirement

Description

Restricted Access

Required Rack Space

Ventilation

The IDU and its associated dc power supply must be installed
in a restricted access area such as a secure equipment room,
closet, cabinet or the like.

The IDU requires 44.5 mm (1RU) of vertical rack space and
300 mm rack depth.

IDUs have two redundant axial fans for cooling. IDUs must be
located such that unobstructed air passage is provide on each
side for ventilation purposes. A minimum of 50 mm (2”) of side
spacing to any rack panels or cable bundles should be
provided for this purpose.

Vol. 111-4-2
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Function / Requirement | Description

Maximum Ambient Temperature | The IDU is specified for a maximum ambient temperature
(Tmra) of +45° Celsius (113° Fahrenheit). The maximum
ambient temperature (Tmra) of +45° Celsius applies to the
immediate operating environment of the IDU, which if
installed in a rack, is the ambient applying at its location within
the rack.

Physical Stability Ensure that adding an IDU to a rack does not adversely impact
the physical stability of the rack.

Power Supply The IDU has the +ve pin on its dc power supply connector
connected directly to the chassis.

It must be used with a -48 Vdc power supply which has a +ve
ground; the power supply ground conductor is the +ve supply
to the IDU.

There must be no switching or disconnecting devices in the
ground conductor between the dc power supply and the point
of connection to an IDU.

Power Graphic This triangle graphic is located adjacent to the power connector

on the front panel to signify that the +ve pin on the connector

is directly connected to the chassis.

The number is the fuse rating in amps. 5A

Power Supply Location The IDU must be installed in the same premises as its dc
power supply and be located in the same immediate area
(such as adjacent racks or cabinets) as any other equipment
that is connected to the same dc power supply.

Power Supply Compliance and The dc power supply must be UL or IEC compliant for a
Loading -48 Vdc SELV output (60 Vdc maximum).

Check to ensure that connection of a 9500 MXC system to an
existing dc supply does not overload the supply, circuit
protection devices and wiring.

Where a new dc power supply is to be installed for an IDU, the
power supply must be rated to supply a minimum 5 A.

Grounding The IDU must be grounded to the station or master ground,
which must be the same ground as used for the dc power
supply. Normally this is achieved by grounding the IDU to the
ground bar in its equipment rack or frame. This bar is most
often located to one side of the rack or at rack top or bottom.
In turn, the ground bar is grounded to the station ground

3DB 23063 AEAA - Rev 005 June 2008 Vol. 111-4-3



Chapter 4.

Installing the IDU

Installing an 1DU

To install an IDU:

1.

Fit the rack mounting ears to the IDU. Position the ear with the grounding stud to
left or right side for the most direct ground wire path to the rack ground bar.

Locate the IDU in the equipment rack and secure it using four No.12 Phillips
dome-head screws from the IDU installation kit.

Ground the IDU from the ground stud to the rack/frame ground bar using a length
of 4 mm? (AWG 12) green PVC insulated stranded copper wire with a suitably sized
ground lug at each end (supplied by installer).

If the equipment rack/frame requires grounding use 16 mm? (AWG 6) wire from
its ground bar to the station ground.

VAN

Do not assume that an existing rack or mounting frame is
correctly grounded. Always check the integrity of the ground
connections, which must include a check through to the master
ground for the station, which should be located at the point of
cable entry to the equipment building.

Fit the optional jumper cable, or make up a suitable cable from the IDU to the
suppressor installed at the point of cable entry to the building. Refer to Jumper
Cables on page 2-20 in Chapter 2.

Secure the cable within the rack/frame using cable ties or similar. Do not
over-tighten cable ties.

Fit interface cables. For information on tributary, Ethernet and auxiliary cable sets,
refer to Appendix C.

Steps 8 to 13 describe the procedure for preparing the power cable, and preparing for
power-on. Do not connect the power until all steps have been completed (leave the
power connector disconnected or ensure the fuse holder is in the off, horizontal ‘O’
position).

8.

10.

Run the supplied power cable through to the power pick up point, which will
normally be at a circuit breaker panel in the rack. A circuit breaker (or fuse) must
have a capacity of 5 A.

Connect the blue (or red) wire to -48 Vdc (live), and the black wire to ground/+ve.
The power input is polarity protected.

Measure the voltage on the dc power connector. The voltage should be -48 Vdc, +/
-2 Vdc (limits are -40.5 to - 60 Vdc).

VAN

This product meets the global product safety requirements for
SELV (safety extra-low voltage) rated equipment and the input
voltage must be guaranteed to remain within the SELV limits

(48 V nominal, 60 V maximum) in the event of a single internal
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fault.

Always check the integrity of the dc power supply to an IDU right
to its source. Never assume that the supply provided to the
pick-up point in a rack is correct.

9500 MXC dc power, IF, tributary, auxiliary and NMS cables are
not to be routed with any AC mains power lines. They are also to
be kept away from any AC power lines which cross them.

11. Carry out a complete check of the installation. If all is correct, and the ODU and
ODU cable installation has likewise been completed and checked, the 9500 MXC
Terminal is now ready for power-on.

VAN

The 2W2C DC power connector can be shorted inadvertently if
applied at an angle. Always insert with correct alignment.

VAN

Once powered up the ODU will be transmitting with the
pre-configured or ex-factory frequency and power settings
unless the start-up transmit mute option has been invoked. (All
ODUs shipped ex-factory have the transmit-mute set as the
default unless otherwise specified).

If frequency and power settings are not correct, interference may
be caused to other links in the same geographical area.

Next Step
The 9500 MXC Terminal is ready for configuration and antenna alignment.
« Refer to Volume 1V, Chapter 4, for configuration.

« Refer to Volume 111, Chapter 5, for antenna alignment.
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This chapter includes:
« Preparation on page 5-1

¢ Signal Measurement on page 5-2

Aligning the Antenna on page 5-4
e Main Beams and Side Lobes on page 5-16

Preparation

Before aligning antennas ensure:

e The ODUs are powered up at both ends of the link.

e Transmit and receive frequencies are correctly set.

e Transmit powers are correctly set and transmit mute is turned off.

If frequency and/or power settings are not correct for the application,
interference may be caused to other links in the same geographical area.
If in doubt, check RAC configuration as a priority on initial power-on, and
reconfigure as necessary.
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Signal Measurement

Two receive signal-strength indicators are provided to assist antenna alignment, RSL
in the CT Performance screen, and the RSSI voltage at the BNC connector on the ODU.
Refer to:

e Using RSL Data
< Using the RSSI Voltage at the ODU
¢ RSL Measurement Guidelines

Using RSL Data

As CT is accessed via connection to the INU or IDU, a separate means of
communication such as two-way radio or cell phone is required between the CT
operator and the person at the antenna.

To align using RSL.:

1. Monitor RSL in the CT Performance screen.
2. Setantenna alignment for maximum RSL.
3. Repeat for the far end of the link.
4

Compare actual RSLs with the expected RSLs from the link installation datapack.
RSL measurement accuracies for ODU 300ep and ODU 300ep are:

+ 2 dB for levels -40 to -70 dBm, over a temperature range of O to +35°C.
+ 4 dB for levels -25 to -85 dBm, over an extended -33 to +55°C range.

Using the RSSI Voltage at the ODU

A voltmeter, such as a multimeter, is used to measure RSSI voltage at the BNC
connector on the ODU. A suitable BNC to banana-plug connecting cable is available as
an optional ODU accessory.

To align using the RSSI voltage at the ODU:

1. Connect the voltmeter to the BNC connector. Center pin is positive. Use a low
voltage range for best resolution, nominally 2.5 Vdc FSD.

Adjust antenna alignment until the voltmeter reading is at minimum value.
Repeat for the far end of the link.
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4. Check and record the peak voltage at each end. The RSSI voltage provides a direct
relationship with RSL. An RSSI of 0.25 Vdc = -10 dBm RSL, and each additional
0.25 Vdc RSSI increase thereafter corresponds to a 10 dBm decrease in RSL, as
follows:

Units Measurement

BNC (vdc) | 0.2 0.5 0.7 1.0 1.2 1.5 1.7 2.0 2.2 2.5
5 5 5 5 5

RSL (dBm) | -10 | -20 | -30 | -40 | -50 | -60 | -70 | -80 | -90 | -10
0

5. Compare actual RSLs to the expected RSLs from the link installation datapack.
Refer to RSL Measurement Guidelines.

6. Replace the BNC weatherproofing cap.

VAN

Failure to replace the RSSI BNC weatherproof cap may result in
damage to the ODU.

RSL Measurement Guidelines

Interference

The RSSI filter has a nominal 56 MHz bandwidth, which means that depending on the
channel bandwidth used, multiple adjacent channels will be included within the filter
passbandl. Normally this will not cause a problem as antenna discrimination
(beamwidth) and good frequency planning should exclude adjacent channel
interferers. However at sites where this is not the case, ATPC should not be enabled.

e ATPC operates on the RSL. Any interferer that affects the RSL will adversely affect
ATPC operation.

« Check for interference by muting the Tx at the far end and checking RSSI/RSL at the
local end.

VAN

For co-channel XPIC operation and where there is a measurable
adjacent channel RSL, do not use ATPC.

1

RSSI filter bandwidth is not a function of, nor does it affect receiver adjacent channel C/I performance. 9500 MXC
complies with relevant ETSI and FCC co and adjacent channel requirements.
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RSSI/RSL Accuracy

When checking RSSI/RSL against the predicted link values ensure appropriate
allowances are made for Tx power-setting accuracy, path-loss calculation accuracy, and
RSSI/RSL measurement accuracy.

« For a worst-case the overall accuracy is the sum of the individual accuracy limits,
which for an ODU 300 link would be + 4 dB of the predicted value (+ 2 dB for
transmit, 2 dB for receive, 0 to 35C), aside from the path-loss calculation accuracy,
which should be within limits of £3 dB.

» Typically, where the measured RSSI/RSL is more than 4 dB lower than the expected
receive level you should check the path survey results, path calculations and antenna
alignment.

When checking RSSI/RSL ensure the measurement is made under
normal, unfaded and interference-free path conditions.

« Adiscrepancy of 20 dB or greater between the measured and calculated RSSI/RSLs
suggests an antenna is aligned on a side lobe, or there is a polarization mismatch.

Aligning the Antenna

Antenna alignment involves adjusting the direction of each antenna until the received
signal strength reaches its maximum level at each end of the link.

Fine adjustment for azimuth (horizontal angle) and elevation (vertical angle) is built
into each antenna mount. Adjustment procedures will be provided with each antenna.

If the horizontal adjuster does not provide sufficient range to locate the main beam, the
antenna mounting brackets will need to be loosened and the antenna swivelled on its
pole mount to locate the beam. Before doing this ensure the horizontal adjuster is set
for mid-travel. Some mounts for larger antennas have a separately clamped swivel base
to allow the loosened antenna to swivel on it without fear of slippage down the pole.
Where such a mount is not provided a temporary swivel clamp can often be provided
using a pair of pipe brackets bolted together immediately below the antenna mount.

Refer to:

e Standard Alignment Procedure

< Additional Procedures for a Protected Link
< Additional Procedures for CCDP XPIC links
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Ensure antennas are aligned on the main beam, and not a side lobe. For
guidance, refer to the sections Locating the Main Beam on page 5-16 and
Tracking Path Error on page 5-17.

Ensure ATPC is turned off during the alignment procedure.

Standard Alignment Procedure
To align an antenna:

1. Loosen the azimuth adjuster on the antenna mount (horizontal angle) and adjust
azimuth position for maximum signal strength.

2. Tighten the azimuth securing mechanism. Ensure signal strength does not drop as
it is tightened.

3. Loosen the elevation adjuster (vertical angle) and adjust for maximum signal
strength.

4. Tighten the elevation securing mechanism. Ensure signal strength does not drop as
itis tightened.

The terminal is now aligned and ready to carry operational traffic.

5. Record RSL and/or RSSI voltage in the commissioning log.

Additional Procedures for a Protected Link

e Forahotstandby link, one RAC/ODU is transmitting, and at the receive end both are
receiving. The ODUs at each end are hormally coupled to a common antenna using
an equal or unequal loss coupler.

< For aspace diversity link, one RAC/0ODU is transmitting, and at the receive end both
are receiving. Each ODU has its own antenna. Normally the top antenna is assigned
as primary, and the lower as secondary.

« With frequency diversity, the two links operate independently from a radio-path
perspective, and the ODUs at each end are normally coupled to a common antenna
using an equal loss coupler.

< With ring protection, each link in the ring normally operates as 1+0, though can be
1+1 protected. 1+1 protection of ring links is employed where path protection
(diversity) is required, for which space diversity or frequency can be installed.

« Both receivers of a hot-standby or diversity link can be accessed to provide RSL/RSSI
data regardless of which RAC is Rx online. (Rx online defines which RAC is passing
traffic to the backplane bus).

Hot Standby

This procedure details the additional steps required to ensure that no Tx protection
switching occurs during the alignment procedure, which may confuse results. It
assumes a common antenna at each end of the link.

For all RACs the online Rx manages Rx protection-switch management and drives

data to the backplane bus. This online function is not affected (no switch will occur)
under no-signal conditions, so it is not necessary to lock an Rx online.
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For IDU 1550 and IDU 20x the primary designated IDU is default online
for Tx and Rx. No Rx switch will occur under no-signal conditions, so it is
not essential to lock its Rx online.

At each end check the type of coupler installed; equal or unequal split.

2. For an unequal-loss coupler, check which RAC/IDU is connected to the
low-loss side, as this is the RAC/IDU which must be locked as Tx online at both
ends to assist signal acquisition.

e Default CT assignments for RACs have the primary RAC as online Tx and the
secondary RAC as online Rx. Assuming defaults have been retained, the
primary-designated RAC should have been assigned to the low-loss side (check)
and therefore the primary RAC must be locked as Tx online.

e For all RACs, Rx online may be left as Auto/Lock Off.

e For all IDUs the IDU assigned to the low-loss side should be locked online for Tx
and Rx. This should be the primary designated IDU (check).

e For an equal-loss coupler it does not matter which RAC/0ODU is Tx/Rx locked
online at each end.

Use the CT > Diagnostics > System/Controls screen to check and set online locks.

Use the Standard Alignment Procedure on page 5-5 to align the antennas, but
where unequal-loss couplers are installed always select the RAC/IDU connected to
the low-loss side to measure RSSI/RSL (default the primary RAC/IDU).

5. Return the Protected Link controls to Auto/Lock Off on completion.

Space Diversity

This procedure details the additional steps required to ensure that all four antennas are
in correct alignment and that during the alignment process no unwanted Tx switching
occurs.

1. Within the CT > Diagnostics > System/Controls screen check which RAC/IDU? is
Tx online, and which is Rx online.

e For RACs the default status has the primary RAC as Tx online, and the secondary
RAC as Rx online.

e For IDU 1550 and IDU 20x the default status has the primary IDU as Tx and Rx
online.

2. Use the Protected Link controls to lock the primary RAC/1DU as Tx online at both
ends of the link. Rx online may be left as Auto/Lock Off.

3. Use the Standard Alignment Procedure on page 5-5 to align each Rx antenna. If
RSL is to be used for alignment purposes, go to the Diagnostics > Performance
screen:

e For RACs, select the required Link from the Plug-ins menu.

< For IDUs display (side-by-side) the Diagnostics > Performance screen for both
IDUs.

The IDU 1550 and IDU 20x can be installed for space diversity.

2 Rx online defines which receiver is passing traffic to the backplane bus/tributaries, but from a signal strength
viewpoint both receivers can be accessed to provide RSL/RSSI data.
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4. Return the Protected Link controls to Auto/Lock Off on completion.

Frequency Diversity

This procedure assumes a common antenna at each end of the link and an equal loss
coupler.

1. Select one (any) RAC/ODU for RSSI/RSL measurement and use the Standard
Alignment Procedure on page 5-5 above to align each antenna. Providing each link
is operating normally there is no need to use the System/Controls > Protected Link
locks to lock a RAC to Tx or Rx online?.

Ring

Follow the Standard Alignment Procedure on page 5-5.

Additional Procedures for CCDP XPIC links

Procedures are provided for the alignment of dual polarized antennas,
and for protected XPIC links.

For CCDP (Co-channel Dual Polarized) XPIC (Cross Polarized Interference
Cancellation) links it is important that antenna feeds are correctly aligned to achieve
optimum XPIC performance.

While a dual-feed antenna may be specified with a cross polarization discrimination of
30 dB, unless the antenna-to-antenna alignment over a link is correct, the effective
discrimination can be significantly less.

< The horizontal-to-vertical receive signal discrimination for satisfactory XPIC
operation must not be less than 20 dB, and where possible should be set for optimum
discrimination using this procedure.

« High performance shielded antennas typically exhibit 30 dB cross polarization
discrimination whereas 40 dB is typical for purpose-designed, high polarization
discrimination antennas.

e The received-signal V and H discrimination can be checked using the Diagnostics >
Performance screen. The cross pole discrimination entry measures the V and H
signal discrimination in dB at the input to the RAC 40s (from the antenna feeds). The
improvement in signal discrimination provided by the RAC 40 XPIC function is in
addition to this measurement.

 Alternatively, received-signal V and H discrimination can be checked at the antenna
using the ODU XPD Measurement Mode. This is enabled in CT > System/Controls
for a RAC 40. When selected, the RSSI signal-strength indication at the antenna is
replaced with the XPOL discrimination indication. A 1:20 conversion is used, for
example a voltmeter reading of 1.5V at the RSSI connector indicates an XPOL
discrimination of 30 dB.

4 Although the Diagnostics > System/Controls screen for Frequency Diversity provides locks for Tx and Rx online,

they define only the traffic connections through to the Node backplane bus; they do not affect over-air status as
each link operates as a distinct entity on separate frequency pairings.
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This alignment procedure is intended for dual-polarized antennas, but is
also generally applicable to installations using separate antennas for V
and H planes.

Where protected XPIC links are installed (dual ODUs on a common feed)
an equal-loss coupler must be used

XPIC links must be configured for identical frequency, Tx power and
bandwidth/modulation, and ATPC must not be used.

Procedure for Dual Polarized Antennas

The following alignment procedure details steps required to:
« Check and if necessary set feedhead alignment using a spirit level.

« Align the antennas at each end using just one of the feeds, H or V. (Standard co-plane
antenna alignment).

< Where the V and H waveguide ports on an antenna are not marked they can be
identified by the orientation of the waveguide slots. Refer to Setting the
Polarization in Volume 111, Chapter 2.

* Where a dual-polarized antenna presents the same orientation on both ports, one
should have a straight waveguide feed to the antenna feedhead, the other will
include a 90 degree twist or have a straight waveguide feed but with a polarization
rotator in the feedhead. Generally the polarization rotator will act on the
outer-most waveguide on the feedhead.

< For convention, if ports are not marked for V and H, it is recommended that the
port that has the straight waveguide feed or is connected to the inner-most
waveguide at the feedhead is selected as the horizontal antenna feed port. The
following graphic of an antenna feedhead assembly illustrates this. The top port is
connected to the inner feed on the feedhead, and with the port orientation shown
provides a horizontally polarized feed. The lower port has a rotator included in the
feedhead to provide a vertical feed.

Polarization Rotator within Feedhead

il

- )
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e Ensure the same port is selected for vertical at both ends.

Where possible, the same ‘above and below’ relationship of the feed ports should
be used at both ends. For example, if at one end the horizontal feed port is located
above the vertical port, as in the example above, then the same relationship
should be used at the other end.

» Check cross pole discrimination (XPD).

« Optimize alignment of the feed-heads to achieve maximum cross polarization
discrimination.

o

This procedure assumes that the antennas used at each end of the link
do comply with their cross-polarization discrimination specification. If in
doubt, refer to the antenna supplier.

Procedure:
1. Static Feedhead Alignment

This procedure would normally be completed in conjunction with antenna
alignment, step 2, to ensure no misalignment of skew angle is introduced during
the pan and tilt process.

It should be completed before any feedhead weatherproofing is applied, so that a
spirit level can be used against the flange to check and set precise physical vertical
/ horizontal alignment of the feeds:

» Do not rely on antenna markings as these will not be accurate where a mount is
not perfectly level.

« Setthe spiritlevel against the flange of the feedhead. Take care that only the flange
of the feedhead is measured, so that no error is introduced by any minor
misalignment of the mating flexible waveguide flange. See Figure 5-1.

Figure 5-1. Checking Feedhead Flange with a Spirit Level

« If not exactly vertical or horizontal, adjust the feedhead skew angle (rotate the
feedhead) until correct (spirit level bubble is precisely centered). For a typical
feedhead check both flanges for level, using an end point half way between the
level points of the two flanges should there be any discrepancy between the two.
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2. Align Antennas

Align the antennas at both ends using the standard (co-plane) alignment
procedure, but using just one of the feeds, V or H. Refer to Standard Alignment
Procedure on page 5-5.

If major adjustment to the pointing of the antenna is made during this process,
recheck the feedhead skew angle.

When correct, proceed to step 3.
3. Check RAC 40 Operation and End-End Feedhead Alignment

Power-up both V and H RAC 40 links and check they are operating normally and
are alarm-free. Use the Performance screens to check that:

* Tx power measurements are within 1 dB (typically) on all RACs. If not check Tx
power settings.

¢ RSL measurements are within 2 dB an all RAC 40s. See Using RSL Data on
page 5-2 for guidance on measurement accuracy.

e Links are operating error-free.

Where there is potential for interference from other links in the same
geographical area, check by turning the far end transmitter(s) off and
measuring the local end RSL on both V and H feeds.

4. Use the cross pole discrimination (XPD) measurement provided in the
Performance screen for RAC 40s to measure the actual V and H signal
discrimination from each antenna.

< Where measured XPDs are better than 25 dB no further adjustment is needed.
« Where less than 25 dB proceed to the next step.

The alignment procedures listed under steps 1 and 2 should result in a
discrimination of better than 25dB, as measured in the Diagnostics >
Performance screen for each RAC 40, which is comfortably within the
operating limits of XPIC. However, for best results and greater operating
margins during fading, feedhead alignment should be optimized using
the following procedure.

5. Optimize End-End Feedhead Alignment

This procedure corrects for any minor rotational alignment between antennas at
each end.

One antenna is the reference antenna and its feed-head assembly is not adjusted
during this procedure.
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Only check/adjust skew angles on one antenna. If both antennas are
adjusted and re-adjusted there is potential for progressive misalignment
to occur. Select one antenna as the reference antenna.

On long hops and where fading is prevalent there is potential for the V
and H plane paths to be affected differently and to therefore exhibit
variable cross-polarization discrimination. This alignment procedure
must be conducted during periods of known, stable path conditions.

6. Determine which end of the link is to provide the reference antenna, and at the
opposite end open windows to the CT performance screens for the Vand H RAC
40s. Adjust screen sizes and position so that you can see the Cross Pole
Discrimination measurements from both RACs®.

7. Adjust the feedhead skew angle of the antenna for maximum XPD on both Vand H
RAC 40s. If the maximums for each are at (slightly) different angles, adjust for a
mid-point.

Ensure that as you adjust the skew angle, the physical antenna
alignment does not shift, which would make it necessary to repeat step
2. Check that antenna mounting bolts and azimuth and elevation
adjuster locks have been correctly tightened.

The maximum points may be quite sharp, rotate the feedhead slowly to
ensure they are not missed. Data in the performance screen is updated
at 1.5 second intervals.

8. Check the XPD on the RAC 40s at the reference end of the link, which should be
within 1 to 2 dB of the measurements at the adjusted end.

9. Oncompletion ensure feedhead bolts are correctly tightened - check that XPDs do
not change during tightening.

10. Retain feed-head adjustment data for the commissioning records.

Procedure for Protected XPIC Links
When XPIC links are protected, both V and H links must be protected.

« If just one of the co-channel links is 1+1 protected, a failure of XPIC cross-connect
between the 1+0 RAC 40 and its 1+1 XPIC partner may cause both V and H receive
streams to error as the discrimination provided under XPIC would be lost. An
unlikely double-failure event would be needed to cause the same error if both
co-channel links are 1+1 protected.

For 1+1 hot-standby protection of XPIC links a single dual polarized antenna is
normally used at each end, and remote-mounted equal-loss combiners used to mount
the ODUs.

5 Up to four CT screens can be displayed at once. These may be from the same INU (same IP address) or from

different INUs (or IDUs).
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For space diversity XPIC links, separate dual-polarized antennas are installed.

For information on the operation of hot-standby and space diversity protection of
XPIC links, refer to Co-channel Operation, Volume 11, Chapter 3.

Hot Standby Protection

Use the alignment procedure for dual polarized antennas, though first ensure the links
are Tx locked to prevent 1+1 switching.

The Rx function does not need to be locked, as the RSSI/RSL indication used for
antenna alignment is available from each RAC/ODU.

Procedure
e Use the CT > Diagnostics > System/Controls screen to check and set online Tx locks.

< With an equal-loss combiner either Tx can be locked as the online Tx (The
primary designated Tx is the default online Tx).

« Follow the Procedure for Dual Polarized Antennas on page 5-8.
» Return the Protected Link controls to Auto/Lock Off on completion.

« To check protected operation on each link, refer to Protection Switching, Volume V,
Chapter 1. Bear in mind the remote Tx mute conditions detailed in Remote Tx Mute,
Volume II, Chapter 3.

Space Diversity Protection

This alignment procedure summarizes the steps required to ensure all four antennas
are in correct alignment for pan and tilt, and skew angle. It combines elements of the
procedures for Cross Polarized Antennas, and for Space Diversity Antennas.

The top antenna should be connected to the primary V and H RACs; the lower antenna
to the secondary V and H RACs. Figure 5-2 illustrates a CCDP space diversity
configuration.

Procedure:
1. Static feedhead skew-angle alignment.

Align all four antennas using the static feedhead alignment procedure described
under Procedure for Dual Polarized Antennas on page 5-8. This step would
normally be completed in conjunction with antenna pan and tilt.

2. Antenna pan and tilt alignment

Use the CT > System Controls screen to lock the transmitters at both ends to
primary.

Each each end of the link align both top and bottom antennas using the standard
(co-plane) alignment procedure. Use just one of the links for this purpose,
normally the V link. Refer to Standard Alignment Procedure on page 5-5.

When correct, proceed to step 3.
3. Check RAC 40 Operation and End-End Feedhead Alignment

Check that both V and H links are operating normally and are alarm-free. Use the
Performance screens to check that:

e Tx power measurements are within 1 dB (typically) on all RACs. If not check Tx
power settings.
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* RSL measurements are within 2 dB an all RACs. See Using RSL Data on page 5-2
for guidance on measurement accuracy.

e Links are operating error-free.

Where there is potential for interference from other links in the same
geographical area, check by turning the far end transmitter(s) off and
measuring the local end RSL on both V and H feeds.

4. Use the cross pole discrimination (XPD) measurement provided in the
Performance screen for RACs to measure the actual V and H signal discrimination
from each antenna.

« Where measured XPDs are better than 25 dB no further adjustment is needed.
e Where less than 25 dB proceed to the next step.

The alignment procedures listed under steps 1 and 2 should result in a
discrimination of better than 25dB, as measured in the Diagnostics >
Performance screen for each RAC 40, which is comfortably within the
operating limits of XPIC. However, for best results and greater operating
margins during fading, feedhead alignment should be optimized using
the following procedure.

5. Optimize Feedhead Skew-angle Alignment

This procedure corrects for any minor rotational alignment between antennas at
each end.

One antenna is the reference antenna and its feed-head assembly is not adjusted
during this procedure.

If all antennas are adjusted and re-adjusted there is potential for
progressive misalignment to occur. Select one antenna as the reference
antenna.

On long hops and where fading is prevalent there is potential for the V
and H plane paths to be affected differently and to therefore exhibit
variable cross-polarization discrimination. This alignment procedure
must be conducted during periods of known, stable path conditions.

6. Lock all transmitters to primary. The receivers can be left as Auto/Lock Offb.

7. Determine which end of the link is to provide the reference antenna, and at the
opposite end open windows to the CT performance screens for all four RACs.

6 Regardless of which RAC is online (primary or secondary) all RACs can be accessed to provide RSL/RSSI/XPD data.
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Adjust the screen size and position of each so that you can see the Cross Pole
Discrimination measurement from all RACs’.

For example, in Figure 5-2, if antenna 1 is the reference antenna, open windows to
the performance screens for the primary RACs connected to Antenna 3, and to the
secondary RACs connected to antenna 4.

8. Adjust the feedhead skew angle of the primary antenna for maximum XPD on both
primary V and H RACs. If the maximums for each are at (slightly) different angles,
adjust for a mid-point.

9. Adjust the feedhead skew angle of the secondary antenna for maximum XPD on
both secondary V and H RACs. If the maximums for each are at (slightly) different
angles, adjust for a mid-point.

Ensure that as you adjust the skew angle, the physical antenna
alignment does not shift, which would make it necessary to repeat step
2. Check that antenna mounting bolts and azimuth and elevation
adjuster locks have been correctly tightened.

The maximum points may be quite sharp, rotate the feedhead slowly to
ensure they are not missed. Data in the performance screen is updated
at 1.5 second intervals.

10. Check the spread of XPD measurements. All four RACs should be within a 2 dB of
each other, providing RAC RSLs are within 2 dB. If higher, recheck the Tx power
settings and RSLs. In some instances it may be necessary to re-optimize feedhead
alignment to achieve best balance across all RACs.

Where results are not as expected, also check for:
e Bent antenna feeds.
< Feeds not centered or not correctly supported, such as missing support wires.
« Radome or shroud damaged, or sections of the shroud missing.
* Warped or bent reflector.

« Feed frequency range. The entire Tx/Rx range (frequency boundaries of the Tx
and Rx bandwidths) must be within the antenna feed frequency range.

11. At the reference-end of the link, view the RAC performance screens for all four
RACs and adjust the feedhead skew angle of the secondary antenna for maximum
XPD on both secondary V and H RACs. If the maximums for each are at (slightly)
different angles, adjust for a mid-point. Do not adjust the feedhead skew angle on
the primary, reference antenna.

12. As for the remote end, check the spread of XPD measurements. All four RACs
should be within a 2 dB of each other.

« If higher, recheck the Tx power settings and RSLs. In some instances it may be
necessary to re-optimize feedhead alignment to achieve best balance across all
RACs

e The XPD spread between the reference and remote end RACs should also be
within 2 dB of each other.

7

Up to four CT screens can be displayed at once. These may be from the same INU (same IP address) or from

different INUs (or IDUs).
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13. Switch all transmitters to secondary and lock-on.

14. View the XPDs on all RACs at both ends of the link to confirm that the spread of
XPDs is similar to that confirmed using the primary transmitters.

« If any fine tuning of feedhead alignment is done with the transmitters locked to
secondary, go back and recheck with the transmitters locked to primary.

¢ Never adjust the feedhead skew angle of the primary reference antenna.

15. On completion ensure feedhead bolts are correctly tightened - check that XPDs do
not change during tightening.

16. Retain feed-head adjustment data for the commissioning records.
Example Link

An example CCDP space diversity link is illustrated in Figure 5-2.
Site X shows the physical interconnections of XPIC and ODU cables.

Ifantenna 1 is nominated as the reference antenna for feedhead skew-angle alignment,
the feedhead alignment process can be summarized as:

< With all transmitters locked to primary, adjust the feedhead alignments on antennas
3 and 4 for maximum RAC XPDs. Where necessary optimize to provide best
(minimal) XPD spread. The spread should be within 2 dB providing RSLs are within
1to 2 dB.

« Adjust the feedhead alignments on antenna 2 for maximum secondary RAC XPDs,
and check against the RAC XPDs for antenna 1. Where necessary optimize the
feedhead of antenna 2 only to provide best (minimal) XPD spread at site X. (Never
adjust the feedhead alignment of the reference antenna, antenna 1).

« Check the spread of XPDs is similar between both ends of the link, sites X and Y.

« Lock all transmitters to secondary and check that all RAC XPDs are similar
(nominally with 2 dB) to the XPDs obtained under primary Tx operation.

Figure 5-2. CCDP Space Diversity Link Antenna Alignment
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Main Beams and Side Lobes

This section describes how to locate the main beam, and typical tracking path errors.
Refer to:

e Locating the Main Beam
e Tracking Path Error

Locating the Main Beam

Ensure the antennas are aligned on the main beam, and not a side lobe.

Once a measurable signal is observed, very small alignment adjustments are required
to locate the main beam. For instance, a 1.2m antenna at 23 GHz typically has 0.9° of
adjustment from center of main beam to the first null (0.4° to the -3 dB point). Antenna
movement across the main beam will result in a rapid rise and fall of signal level. As a
guide, 1 degree of beam width is equivalent to moving approximately 1.0 mm around a
standard 114 mm (4.5 in.) diameter O/D pipe.

Antennas can be verified as being on main beam (as opposed to a side lobe) by
comparing measured receive signal level with the calculated level.

Signal strength readings are usually measurable when at least a main beam at one end
and first side lobes at the other are aligned.

The strongest signal occurs at the center of the main beam. The highest first lobe signal
is typically 20—25 dB less than the main beam signal. When both antennas are aligned
for maximum main beam signal strength, the receive signal level should be within 2 dB
of the calculated level for the path. This calculated level should be included in the
installation datapack for the link.

Figure 5-3 on page 5-16 is an example of a head-on, conceptual view of the beam
signal strength, with concentric rings of side lobe peaks and troughs radiating outward
from the main beam.

Figure 5-3. Indicative head-on signal pattern for a parabolic antenna

Head-on View Center of main beam provides
maximum signal level

Outer edge of main beam, 3-10 dB
below main beam

Trough between main beam and first
side lobe, 30 dB below main peak

Peak of 1st side lobe, 20-25 dB
below main peak

Trough between first and second side
lobes, 30 dB or more below main peak

Subsequent side lobe peaks and troughs
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Tracking Path Error

Side lobe signal readings can be confused with main beam readings. This is particularly
true for the first side lobe as the signal level at its center is greater than the signal level
at the edges of the main beam, and if tracking on an incorrect elevation (or azimuth) a
false impression of main beam reception can be obtained. Figure 5-4 shows an example
of this with a simplified head-on view of an antenna radiation pattern, and tracking
paths for three elevation settings.

Figure 5-4. Example Tracking Path Signals

Head-on View of Azimuth Tracking Signal Levels for Each Track
Paths for Different Elevations

Line AA represents the azimuth tracking path of a properly aligned antenna. The main
beam is at point 2, and the first side lobes at points 1 and 3.

Line BB represents the azimuth tracking path with the antenna tilted down slightly.
Signal strength readings show only the first side lobe peaks, 4 and 5. In some
instances the side lobe peaks are unequal due to antenna characteristics, which can
lead to the larger peak being mistaken for the main beam. The correct method for
locating the main beam in this case is to set the azimuth position midway between the
first side lobe peaks, and then adjust the elevation for maximum signal.

Line CC represents an azimuth tracking path with the antenna tilted down further
still. The first side lobe signal peaks (6 and 7) appear as one peak, leading to a
mistaken interpretation of a main beam. The correct method for locating the main
beam is to set the azimuth at mid peak, between 6 and 7, and then adjust elevation for
maximum signal.

This first side lobe peaking is probably the most frequent cause of misalignment in both
azimuth and elevation, especially so if one side lobe peaks higher than the other, as
shown in Figure 5-5. Acommon error is to move the antenna left to right along line DD,
or top to bottom along line EE, always ending up with the maximum signal at
position 1.
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Figure 5-5. Example Tracking Path Signals Centered on the First Side Lobe

Head-on View of Azimuth and Elevation Signal Levels for Each Track
Tracking Paths Centered on the First Side Lobe
E
1 2
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Chapter 1. 9500 MXC CT
Introduction

This chapter introduces 9500 MXC CT features and functions.
The main topics are:

9500 MXC CT Screens on page 1-1

9500 MXC CT Symbols on page 1-3

9500 MXC CT Naming Conventions on page 1-6

9500 MXC CT Auto Version on page 1-6

Online Help on page 1-8

9500 MXC CT Screens

All 9500 MXC CT (CT) screens have the look and feel of a Windows environment. For
an example screen.

Access to on-screen features and commands is provided by mouse click and/or
quick-access key commands.

The Tool Bar, Menu Bar, and Status Bar are present on all screens.

With few exceptions a configuration change made in one screen will immediately
reflect through to all other affected screens - it is not necessary to click Send to confirm
a change made in one screen to see its affect in a related screen or screens.

Each CT screen is read from the radio, with the read action on a per-screen-opened
basis. During an opening (read) or sending (write) action a progress indicator shows
the read/write status as shown in Figure 1-1. Once a screen is opened it stays open and
is immediately readable for the duration of the CT session.
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Chapter 1. 9500 MXC CT Introduction

Figure 1-1. Example 9500 MXC CT Screen
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User Hints

Selected screen. ldentifies the IP address for the terminal and the
opened screen. In this example it is the System Summary screen, which
is a Diagnostics screen.

Menu bar. Provides direct navigation to main areas of user interest.
Clicking on a Menu brings up a sub-menu that provides direct access to
relevant screens and commands.

Tool bar. Provides quick access to common actions. It includes direct
access to the System Summary screen, which provides an overview of
the configured terminal and its status. The System Summary screen is
the CT opening screen.

Status bar. Shows the site name, terminal name and its IP address, plus
problem graphics and a system alarm/severity icon, which provides an
overall status summary for the terminal.

For an Ethernet connection, the IP address displayed is the Ethernet
address of the Node/Terminal. For a V.24 connection, the IP address is
the default connection address.

Data that you can change is lettered in solid color. Non-configurable data is greyed

out.

Many on-screen items (attributes/labels/features) are supported by ToolTips. A
ToolTip can be viewed by slowly moving the mouse pointer over an item.

Use the maximize button in the top right corner of a window to go to a full screen.
Click again to restore down. Or resize by clicking and dragging a corner of the
window.

A CT screen, or screens, can be re-positioned by clicking and dragging.
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< CT memorizes the most recent screen size/position settings for future use. Two size/
position situations are memorized:

« Single screen. Applies to all CT sessions except for a protected IDU terminal.

< Protected IDU screens. For protected 1DUs two screens should be launched, one
for the primary IDU and one for secondary, and the two screens positioned to sit
side-by-side or above-and-below. CT memorizes the size/position for primary

and secondary.

9500 MXC CT Symboils

9500 MXC CT Logos

Throughout CT, standard logos are used to assist 9500 MXC module identification.

Refer to Figure 1-2.

Figure 1-2. Standardized 9500 MXC Logos
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9500 MXC CT Icons

Figure 1-3 shows the system severity icons.
Figure 1-3. System Alarm lIcons

Warning

2  Minor

3 Major
Critical

@ NoAlarms

Figure 1-4 shows problem icons used within CT and their meanings.

Figure 1-4. Problem Icons
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Plug-in needs replacing

Diagnostic or test mode is active

Plug-in missing or not the expected type

Problem detected in the transport system

Failure in the transport system

Radio path is down

Module not licensed or has exceeded its license
Module is incompatible with the backplane configuration
Invalid plug-in type

Checking the plug-in (may take up to two minutes)

Ring wrapped
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9500 MXC Node Slot Numbering Conventions

The 9500 MXC Node INU and INUe icons and slot numbering conventions are detailed

in Table 1-1.

Table 1-1. 9500 MXC INU and INUe Icon and Slot Numbering Conventions

Icon and Slot Numbering

Conventions

INU

Slot 1

Slot 2

Slot 3

NCC

Slot4

uey

INUe

Slot 1

Slot 2

Slot 3

Slot 4

Slot 5

Slot 6

uey

Slot 7

Slot 8

Slot 9

Slot 10

ueg

Slot Terminology

The INU slot numbering conventions are as follows:

1, 2, 3 are universal slots for any RAC, DAC, or AUX.

4 is a universal slot for RAC, DAC, AUX, or NPC. The
NPC can only be installed in slot 4.

NCC and FAN slots are dedicated.

For protected operation, RAC and DAC 1550M plug-ins
can be installed in any of the universal slots.

The INUe slot numbering conventions are as follows:

1, 2, 3, 4, 5, 6 are universal slots for any RAC, DAC or
AUX.

7, 8, 9 are restricted. Backplane access to NMS is not
supported on these slots, meaning they may be used
for all DACs and AUX except where they are to be used
to transport NMS. This restriction will only apply to
DAC 1550M and AUX (Other DACs do not support an
NMS transport option).

= DAC 1550M and AUX must only be installed in slots
1 to 6 where NMS access is required.

10 is for NPC only.
NCC and FAN slots are dedicated.

For protected operation RAC or RAC/DAC1550M
pairings must be in slots 1 and 4, and/or 2 and 5, and/
or 3 and 6.

< Universal plug-ins are identified with their slot number. For example, a DAC plugged

into slot 3 would be identified in the Plug-in screens as DAC 3

¢ NCC and FAN are identified with a slot letter; C and F respectively.

3DB 23063 AEAA - Rev 005 June 2008
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9500 MXC CT Naming Conventions

Within CT screens, the naming of traffic-carrying plug-ins/modules and their
associated icons have the following meanings.

Table 1-2. 9500 MXC Naming Conventions

Plug-in/ | Convention

Module

RAC Refers to a single RAC plug-in for the Node, and to the radio function
for a Terminal.

Link Refers to the link-end, un-protected or protected, for a RAC and ODU
combination.
= Where a path is not protected, Link is associated with one RAC/

ODU.
= Where a path is hot-standby or diversity protected, Link is
associated with two RACs/ODUs.

= Where ring protection is used, Ring replaces use of Link.

DAC Refers to a DAC plug-in for the Node, and to the tributary function for
a Terminal.

Data Refers to a DAC function, unprotected or protected.
= Where DACs are protected, Data is associated with two DACs.

Ring Refers to a ring-protected configuration. Ring is associated with two
RACs.

AUX Refers to a single AUX plug-in for the Node, and to the auxiliary
function in a Terminal.

NPC Node protection card. This Node option provides redundancy for the
NCC TDM bus clock, and NCC power supply functions.

9500 MXC CT Auto Version

The auto version feature within CT ensures the CT software version running on your PC
automatically matches the version of embedded (system) software installed on 9500
MXC. This avoids the need to hold multiple versions of on your PC, and to select from
them when connecting to a 9500 MXC radio.

Version matching is achieved through the use of difference (diff) files, each containing
the difference between the CT software version files. The diff files needed to match CT
to the version of 9500 MXC embedded software, are held within the embedded
software set. This means that:

e For anew 9500 MXC installation the version of CT supplied in the Setup CD will
always match the embedded software of the equipment being installed.
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In other situations, the auto version feature delivers transparent version matching to
ensure the version of CT used is always compatible with 9500 MXC software.

The process used by CT to determine the version needed to communicate with 9500
MXC is as follows:

When a CT start-up is executed (refer to Starting 9500 MXC CT on page 2-19) the
highest version of CT installed on your PC is used.

Initial communication with 9500 MXC identifies the version of CT needed.

Where an earlier version of CT is required, CT selects the correct version and restarts
itself.

Where a later version of CT is needed (not on your PC), CT downloads the updating
difference files from 9500 MXC. During this process the CT Start Up screen will
indicate a later version of 9500 MXC CT is being downloaded. On completion of the
download, 9500 MXC CT will automatically complete the start up process. The next
time you connect to this 9500 MXC there will be no download, as the updating files
are now held on your PC.

The download time required to update to a later version depends on the number/size
of the diff files needed, and whether your PC connection to 9500 MXC is by V.24 or
Ethernet. Ethernet is much faster. When downloading is initiated, an on screen
message provides an estimation of the time needed.

An alternative to CT updating using 9500 MXC CT Auto Version, is to update from
the 9500 MXC Setup CD supplied with the Node/Terminal. Refer to Procedure for
Installing 9500 MXC CT on page 2-2. Compared to a V.24 connection, this may
provide a quicker update.

When new 9500 MXC software is loaded into a Node/Terminal, you must
re-start CT to trigger auto version matching.

3DB 23063 AEAA - Rev 005 June 2008 Vol. 1V-1-7
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Online Help

MXC 9500 Online Help is a web-based (html) helpset for the MXC 9500 User Manual.
Itis installed on your CT PC, and is launched when prompted from CT.

This section provides information on:

« Installing Online Help
¢ Using Online Help

Installing Online Help

MXC 9500 Online helpis installed from a Alcatel-Lucent MXC 9500 installation file on
the MXC 9500 SW Setup CD. The Installer installs both MXC 9500 Online Help and
CT application software.

1. Two installation files are provided on the CD, one for non-Vista PCs, and one for
PCs running Vista. Click one of the files to begin the install:

Inskall 9500
M=C CT 4.

2. Confirm acceptance of the License Agreement:

© Alcatel-Lucent 9500 MXC CT Setup

License Agreement
Alcatel-Lucent @ Please review the license terms before instaling Alcatel-Lucent
Q500 MAC CT.

Press Page Down to see the rest of the agreement.

Aleate]l mthorizes use of this software solely in accordance with the license granted to your
company. Ho other use of the softarare provided hereunder is anthorized. 41 rights reserved
Copyright Aleatel.

If you accept the terms of the agreement, click I Agree to continue, You must accept the
agreement to install Alcatel-Lucent 9500 MXC CT,

[ 1 Agree ] [ Cancel ]

A Components screen allows selection of CT and/or Online Help files.
If CT has been previously loaded, you can elect to only load the Help file, as CT

Vol. 1V-1-8 Alcatel-Lucent
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auto-versioning will automatically capture CT updates from the radio.

# Alcatel-Lucent 9500 MXC Setup (=3

Choose Components
Alcatel-Lucent @ Choose which Features of Alcatel-Lucent 9500 MRC you wank ko
install,

Check the components you want to install and uncheck the components you don't want to
install, Click Mext to continue.

Select components ko install: =-[v] El CT
[=-|+| Shortouts
Deskkop
Quick Launch

04.03.26 Help

[ < Back ” [ext = ] [ Cancel ]

5. Click next to select a destination folder. C:\Program Files\Alcatel-Lucent 9500
MXC CT is the default folder.

# Alcatel-Lucent 9500 MXC CT Setup (=3

Choose Install Location
Alcatel-Lucent @ Choose the folder in which to install Alcatel-Lucent 9500 MXC CT,

Choose a directory to install in ko:

Destination Folder

_:\Program Filestalcatel-Lucent 9500 T Browse, ..

[ < Back ” Install ] [ Cancel ]

6. Click Install to begin the installation. A progress bar shows installation progress.
Click Close on completion.

7. ACT shortcut is placed on your Desktop. Click to open:

< When subsequent versions (releases) of MXC 9500 online help are installed, they are
retained along with the previous versions. There is no automatic replacement of old
by new. This helps to ensure that in networks where not all radios are installed with
the latest MXC 9500 software, the most relevant version of online help is used with
aradio. See Using Online Help.

< Ade-installer is provided in the folder holding the online help files. It is used to
de-install all online files - it cannot be used to provide a selective de-install.
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Using Online Help

MXC 9500 Online Help provides access to the MXC 9500 User Manual for general and
context-sensitive viewing.

It displays using the default Web browser on your PC, and is accessed from CT to
provide general or context sensitive help.

Version matching is used to ensure that the version of CT being used to communicate
with the radio is matched to the relevant version of Online Help.

e Where there is an exact match, Online Help will open directly. There is a small delay
when opening, which is supported by a progress window.

< Where there is not an exact match, a warning window opens to advise:

A Help System @
Help version warning:

Help is notinstalled for version 04.04.02. Using substitute version 04.03.26.

Flease install help from the 9500 WMXC 04.04.02 Setup CD.

uE Ijgo not show help version warnings

 Click OK to launch the best-matched version of Help.

« Where Online Help is not installed, the warning window advises the version
needed.

Online Help for the following options can be accessed from CT screens:

e MXC 9500 Manual and CT Manual. The online help for these manuals is
launched by clicking Help in the CT menu bar and selecting MXC 9500 Manual, or
CT Manual. The CT Manual is a sub-section of the MXC 9500 Manual.

< Context sensitive help. This is launched by clicking F1 or Help in the CT toolbar,
or by selecting Context Help, under Help in the menu bar.

« Context sensitive help for alarm or informational events. This is launched
by clicking the relevant tab in the Diagnostics > Event Browser, or Diagnostics >
Alarms screens. Refer to Help for Event and Help for Alarm Tabs.

Once you have opened Help using a context-sensitive prompt, you have full freedom to
navigate to any other page in MXC 9500 Online Help. To view the Help table of
contents, click the top left tab of the help screen.

For more information on context sensitive help, refer to Diagnostics, 9500 MXC Online
Help.

NOTE: Ifyou are using Internet Explorer version 6, the following information bar may
appear at the top of your browser screen. Click on the bar and select ‘Allow Blocked
Content’ to secure full access to the Help screen. This bar will appear for all new Help
screens prompted from CT. To avoid this action, use a different web browser, such as
Firefox, or use a later version of Internet Explorer.

'\Q To help protect your security, Internet Explorer has restricked this file from showing active content that could access your computer, Click here For options., ..
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MXC 9500 Online Help displays in your default web (HTML) browser.
You do not need a link to the Internet to use MXC 9500 Online Help and

its features.

Each topic in the online help has its location listed at the top of the page to help you to
identify related topic areas.

Contents | Index H Search ‘ 2 <[> (=]
\[19500 MXC System Qwerview A ~

({09500 MXC Platforms
@ 5500 MXC Terminal
@ 5500 MXC Node
[2] 9500 MxC 0DUS
2] Craft Terminal Configuration and Diagnestis
[2) Antennas
2] Power Supply
{9500 MXC Terminals
i®: 9500 MXC Nodes
i®: Outdoor Units
M Configuration and Diagnostics
@ 5500 MxC CT
l(33500 MXC Performance and Diagnostic Feature
@ 5500 MXC Node
([ 9500 MXC Terminal
[£) oous
[3) Inter-operation
[3) Terminal Auxiliary Data and Alarm /0

@ Operation
& Niannnc tinc

Acatel-ocent ()

9500 MXC CT - Node and Terminal Plug-ins - Link Configuration - Configuring a Link/Ring

Link/Ring Configuration Procedure
This procedure applies to non-protected, hot-standby, diversity, and ring links.

* A typical Node non-protected plug-ins screen for a 16xE1, 16 QAM configuration is shown in Figure: Example Link Plug-Ins
Screen for a Non-Protected Link .

# A typical hot standby link plug-ins screen is shown in Figure: Example Plug-ins Screen for a Protected Hot Standby Link .
Apart from the Protection Setting advice, the same screen is typical of a space diversity link.

* A typical ring protection plug-ins screen is shown in Figure: Example Plug-ins Screen for a Ring Protected Link . Apart from the
Protection Setting advice, the same screen is typical of a frequency diversity link.

* A typical co-channel protected plug-ins screen is shown in Figure: Example Plug-ing Screen for a Co-Channel Hot-standby
Link

Additional information on protected operation is provided at:

Navigation:
To navigate the online help, use the tabs at the top of the left of the Help screen:

* Contents - Enables you to view the information headings organized by subject.
Expand the top-level headings to view the subtopics.

« Index - The index is used to find important terms and to display the related
topic.

e Search - Enables you to search for any character string in the help set.

8. Asearch result lists all the topics that contain the search string, with a % ranking
showing how well the topic matches the search. If you have Internet Explorer
installed as your default Internet browser, all occurrences of the search string are

highlighted in the help topic (highlighting will not be present with Firefox set as
your default browser).

‘ Contents H Index m 2|(<][> (5
Online Help

Alcatel-Lucent @
Rank Title 9500 MXC CT - 9500 MXC CT Introduction - [N IR Jorline}Heip}

100. Using Gnline Help

96. 9500 MXC Online Help

64, Installing Online Help

52. Online Help

47. Welcome to 9500 MXC Online Help For
SW Release 4.3

[l online]Help

MXC 9500 provides access to the MXC 9500 User Manual for general and context-sensitive viewing.

It displays using the default Web browser on your PC, and is accessed from CT to provide general or context sensitive [

26, Alarms Screen Navigation
26, Event Browser Navigation

15. Diagnostics

. 9500 MXC CT Menus

5. Troubleshooting Basics

5. Using CT Diagnostics Screens
4. CT Alarms

Version matching is used to ensure that the version of CT being used to communicate with the radio is matched to the relevant
version of Helph

* Where there is an exact match, will open directly. There is a small delay when opening, which is supported by a
progress window.

« Where there is not an exact match, a warning window opens to advise:
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OffLine Access to MXC 9500 Online Help

To access the web-based MXC 9500 User Manual when not in CT, navigate to the
Alcatel-Lucent MXC 9500 program folder on your PC (default in your PC Programs
folder) and select the Help folder. Over time there will be multiple Help files in this
folder - each time you install a new MXC 9500 installation file, a newer version of Help
is added to this location. Be sure to select the version most appropriate to your needs -
such as the most recent file.

fili Alcatel-Lucent 9500 @ ssoomxccT

Alcatel-Lucent 9500 MKC CT Y| MG Help 3 | & 04.03.26 Help

{5 Uninstall Alcatel-Lucent 9500 MXC

Printed Copy

If you prefer to have printed versions of the documentation, print them from the PDF
provided on the MXC 9500 Software Setup CD. You can also print individual help
pages from the web browser view.
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CT

This chapter describes how to install 9500 MXC CT and its connection options.

The main topics are:

Installing 9500 MXC CT on Your PC on page 2-1

9500 MXC CT to 9500 MXC Connection Options on page 2-2
Starting 9500 MXC CT on page 2-19

Next Step on page 2-28

Installing 9500 MXC CT on Your PC

This section describes the PC requirements and procedure for installing 9500 MXC CT
onaPC.

PC Requirements

Hardware Requirements

The following are the minimum PC hardware requirements:

IBM compatible

P3 500 MHz

256 MB RAM

80 MB free hard disk space
CD drive

Serial COM port (COM1 or COM2), or USB port plus external USB-to-serial adaptor
for local V.24 connection, or Ethernet 10Base-T LAN port with RJ-45 connector for
Ethernet local connection.

800 x 600 resolution, 256 color display (16-bit color recommended)
SVGA Display Adaptor Card

256 Monitor colors

2 or 3-button Mouse

101-key US keyboard

Software Requirements
To run 9500 MXC CT you must have:

Microsoft® Windows 98, 2000 Pro, XP, or Microsoft Windows NT
TCP/IP installed and configured for LAN operation

3DB 23063 AEAA - Rev 005 June 2008 Vol. 1V-2-1
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Procedure for Installing 9500 MXC CT

9500 MXC CT is delivered with an installer file on a Setup CD, supplied as part of the
9500 MXC Installation Kit.

To install 9500 MXC CT on your PC:

1. Insert the 9500 MXC Setup CD.

2. Double-click the 9500 MXC CT Installer file on the CD.
3. Select the default directories or customize the directories.

The 9500 MXC CT Installation Wizard completes the installation of 9500 MXC CT
and installs a copy of Java Runtime. A 9500 MXC CT shortcut is created on your
PC desktop.

You only need to install 9500 MXC CT once. The 9500 MXC CT Auto
Version feature ensures on-going compatibility between 9500 MXC CT
and 9500 MXC software. Refer to 9500 MXC CT Auto Version on page 1-6.

9500 MXC CT to 9500 MXC Connection
Options

There are two PC-t0-9500 MXC connection options; 10/100Base-T Ethernet or V.24.

An Ethernet connection should always be used as it provides a much
faster connection and running speed, compared to a V.24 connection.
Ethernet must be used for network-wide access.

An Ethernet connection requires a LAN-compatible IP address to be
entered on your CT PC for radios that are not DHCP (Dynamic Host
Communications Protocol) enabled.

Before a LAN compatible IP address can be entered on your PC, the IP
address of the target radio must be known. If the address is not recorded
on or with the radio, it can normally be discovered by the CT IP address
auto-discovery mechanism. If not, a V.24 CT connection must be used to
obtain the IP address. A V.24 cable is provided with all radios.

For radios that are DHCP enabled, a valid CT PC connection is established
automatically, providing your PC is set to obtain an IP address
automatically.

Vol. 1V-2-2
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For information on the 9500 MXC CT (CT) PC connection options refer to Table 2-1. It
provides introductory data on:

< Ethernet connection using a LAN-compatible TCP/IP address on your PC.
« Ethernet connection using DHCP.
* V.24 connection.

CT IP Address Auto-Discovery Mechanism

On connection to the radio NMS interface, CT broadcasts a UDP discovery packet. The
directly connected radio and any other radios on the local LAN respond with their IP
address and radio name. These are listed in the connect-to list in the CT start-up
window, and carry a green tick to confirm detection by CT. This occurs even if your CT
PC and the radio you are connected to, do not have non-overlapping IP addresses and
netmasks.

Note that if your PC is set to obtain an IP address automatically from a DHCP server,
and there is no DHCP server set on the radio you are connected to, or on any other radio
in the local NMS LAN, auto discovery should still work, but only after a few minutes
have elapsed.

e With no DHCP server, the network connection application on you PC will time-out
and display awarning event: “Local Area Connection: This connection has little or no
connectivity. You may not be able to access the Internet or some network resources.”

 Atthis point, CT auto discovery will operate. This is enabled by the PC assigning itself
an automatic private IP address (APIPA) within the network range of 169.254.0.0,
mask 255.255.0.0, which is valid for the auto discovery mechanism.

When a radio from the list is selected, a connection packet is sent from the PC to the
radio, at which point the radio responds with a temporary route to the PC. However,
unless the PC is configured on the same network as the radio, the PC will not be able to
establish communications with the radio. At this point the TCP/IP properties of the PC
must be set so that the PC is seen as a host on the radio LAN. Refer to Setting Up ATCP/
IP Ethernet 9500 MXC CT Connection on page 2