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Preface
About This Guide
Each Advanced Configuration Guide is organized alphabetically and provides feature and configuration
explanations, CLI descriptions, and overall solutions. The Advanced Configuration Guide chapters are
written for and based on several Releases, up to 25.7.R2. The Applicability section in each chapter
specifies on which release the configuration is based.
The Advanced Configuration Guides supplement the user configuration guides listed in the 7450 ESS,
7750 SR, and 7950 XRS Guide to Documentation.
Audience
This manual is intended for network administrators who are responsible for configuring the routers. It is
assumed that the network administrators have a detailed understanding of networking principles and
configurations.
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Automatic Bandwidth Adjustment in P2P LSPs

This chapter provides information about automatic bandwidth adjustment in P2P LSPs.
Topics in this chapter include:

* Applicability

*  Overview

» Configuration

« Conclusion

Applicability

Automatic bandwidth adjustment was first introduced in SR OS Release 8.0.R4. Overflow triggers are
supported from SR OS Release 8.0.R4 onward; underflow triggers from SR OS Release 12.0.R1 onward.
From SR OS Release 12.0.R4 onward, auto-bandwidth adjustment is also supported on LSPs that have
secondary paths.

Initially, this chapter was written for SR OS Release 13.0.R2, but the CLI in the current edition corresponds
to SR OS Release 23.10.R2.

Overview

Automatic bandwidth adjustment refers to the capability of an ingress Label Edge Router (iLER) to
dynamically adjust the bandwidth of a Resource Reservation Protocol (RSVP) Label Switched Path (LSP)
tunnel based on active measurement of the traffic rate into the tunnel. The bandwidth assigned to an RSVP
LSP tunnel is taken into account by the control plane, to verify that sufficient bandwidth is available for a
new LSP or for an increase or decrease in bandwidth for an existing LSP. The actual bandwidth in the data
plane is not capped by this setting. QoS mechanisms can be set up to filter and police the traffic in the data
plane, but that is beyond the scope of this chapter.

Auto-bandwidth adjustment uses the existing LSP egress statistics feature to track the bandwidth on a
specific LSP. When egress statistics are enabled, the Control Processing Module (CPM) collects statistics
from all IOMs forwarding traffic belonging to the LSP (whether the traffic is currently leaving the ingress
LER via the primary path, a secondary path, or an FRR detour/bypass path). The egress statistics have
counts for the number of packets and bytes forwarded per LSP on a per-forwarding class, per priority (in-
profile versus out-of-profile) basis.

For the actual bandwidth adjustment, Make-Before-Break (MBB) is used. No traffic interruption is noticed.
If an auto-bandwidth attempt fails, there are 5 retries and, if they all fail, the bandwidth remains unchanged.
The next attempt may occur with the next trigger.

Retries follow the retry-limit (5 in this case), retry-timer (by default 30s), and exponential back-off timer, if
enabled in MPLS.

Auto-bandwidth adjustment can be triggered in four different ways:

3HE 20797 AAAE TQZZA © 2025 Nokia. 14
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1. Periodic trigger

The iLER determines at the end of each adjust-interval whether to attempt an auto-bandwidth
adjustment.

2. Overflow or underflow trigger

The measured bandwidth of an LSP has increased or decreased significantly since the start of the
current adjust-interval. It may be preferable to adjust the bandwidth of the LSP after a number of
overflow/underflow samples, rather than wait for the adjust-interval to end (default: 24 h).

3. Manual trigger
An operator launches a tools command to trigger an auto-bandwidth adjustment.
4. Active path change

The LSP has a primary and one or more secondary paths. When there is a change from the primary
path to a secondary path without the LSP going down, an auto-bandwidth MBB is triggered. When the
primary path becomes active again, another auto-bandwidth MBB is triggered.

Periodic Trigger

Figure 1: Auto-Bandwidth Adjustment Implementation shows the different time intervals and bandwidths
defined in the auto-bandwidth adjustment implementation. In this example, there is an auto-bandwidth
attempt when the adjust-interval elapses (periodic trigger). If the auto-bandwidth algorithm is met, the
current bandwidth is increased. The parameters are explained after the figure.

Figure 1: Auto-Bandwidth Adjustment Implementation

(M/O -1) 2 up% AND (M - O) = up
therefore re-signal LSP with BW = M

Rate (Mbps) T
-] e ! /\\ - max-bandwidth
, \v 7 V2 uIA
current/operational I / ' \/
bandwidth i 4 I
rerdnendd [ - R RS : .............. R IS S SR S min-bandwidth
_
Collection interval (5 minutes) Time
. . L average data rate during sample interval (S)
Sample interval = sample-multiplier * collection interval . X .
max average data rate during adjust interval (M)
L = current/operational bandwidth during adjust interval (D)

-~
Adjust interval = adjust-multiplier * collection interval
al-0798b

The time intervals are:

» Collection interval in minutes. This is a global parameter to be set in an accounting policy. Range: 5 to
120 minutes. Default: 5 minutes.
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For this kind of record type, the minimum interval is 5 minutes. For policies using a record type of SAA
or PM, the minimum is 1 minute.

# On PE-1:
configure {
log accounting-policy 10 collection-interval ?

collection-interval <number>
<number> - <1..120> - minutes
Dynamic Default - 5

Accounting collection interval

configure {
log accounting-policy 10 collection-interval 1
MINOR: LOG #12: configure log accounting-policy 10 collection-interval
- Inconsistent Value error
- minimum value is 5 minutes for this record type.

— Sample interval: sample-multiplier * collection interval

— Sample-multiplier is configurable globally in the mpls context or per LSP. Default value: 1. In Figure
1: Auto-Bandwidth Adjustment Implementation, the sample multiplier equals 2 for a sample interval
of 2 * 5 minutes = 10 minutes.

» Adjust-interval: adjust-multiplier * collection interval
— Nokia recommends that the adjust-multiplier is an integer multiple of the sample-multiplier.

— Adjust-multiplier is configurable globally in the mpls context or per LSP. Default value: 288 (288 * 5
minutes = 1440 minutes = 24 h). In Figure 1: Auto-Bandwidth Adjustment Implementation, the adjust
multiplier equals 10 for an adjust-interval of 10 * 5 minutes = 50 minutes.

# On PE-1:
configure {
router "Base" mpls auto-bandwidth-multipliers ?

auto-bandwidth-multipliers

adjust-multiplier - Collection intervals in a sample interval
sample-multiplier - Collection intervals in a sample interval

configure {
router "Base" mpls auto-bandwidth-multipliers adjust-multiplier ?

adjust-multiplier <number>
<number> - <1..16383>
Default - 288

Collection intervals in a sample interval

configure {
router "Base" mpls auto-bandwidth-multipliers sample-multiplier ?

sample-multiplier <number>
<number> - <1..511>
Default - 1

© 2025 Nokia.
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Collection intervals in a sample interval

# On PE-1:
configure {

router "Base" mpls lsp "LSP-PE-1-PE-2" auto-bandwidth multipliers ?

multipliers
adjust-multiplier - Number of collection intervals in the adjust interval
sample-multiplier - Multiplier for collection intervals in a sample interval

configure {
router "Base" mpls lsp "LSP-PE-1-PE-2" auto-bandwidth multipliers adjust-multiplier ?

adjust-multiplier <number>
<number> - <1..16383>

Number of collection intervals in the adjust interval

configure {
router "Base" mpls lsp "LSP-PE-1-PE-2" auto-bandwidth multipliers sample-multiplier ?

sample-multiplier <number>
<number> - <1..511>

Multiplier for collection intervals in a sample interval

The different bandwidths are:

*  Minimum bandwidth: configured minimum bandwidth in Mbps that the auto-bandwidth adjustment can
signal for the LSP. Granularity: 1 Mbps. Default: 0 Mbps.

# 0On PE-1:
configure {

router "Base" mpls lsp "LSP-PE-1-PE-2" auto-bandwidth min-bandwidth ?

min-bandwidth <number>
<number> - <0..6400000> - megabps
Default - 0

Minimum bandwidth of auto-bandwidth to request for the LSP

* Maximum bandwidth: configured maximum bandwidth in Mbps that the auto-bandwidth adjustment can
signal for the LSP. Granularity: 1 Mbps. Default: 100 Mbps.

# On PE-1:
configure {

router "Base" mpls lsp "LSP-PE-1-PE-2" auto-bandwidth max-bandwidth ?

max-bandwidth <number>
<number> - <0..6400000> - megabps
Default - 100000

Maximum bandwidth of auto-bandwidth to request for LSP

* Current bandwidth or operational bandwidth (O): currently reserved bandwidth in Mbps for the LSP in
the control plane. This is the operational bandwidth that is maintained in the Management Information
Base (MIB) and is the bandwidth that is auto-adjusted. Granularity: 1 Mbps.

3HE 20797 AAAE TQZZA © 2025 Nokia.
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+ Sampled bandwidth (S): average data rate for the last sample interval.

* Measured bandwidth (M): maximum averaged (per sample interval) data rate in the current adjust-
interval. The SR OS keeps track of the maximum average data rate of each LSP since the last reset of
the adjust-count.

+ Signaled bandwidth: bandwidth in Mbps that is provided to the CSPF algorithm and signaled in the
RSVP SENDER_TSPEC and FLOWSPEC objects, when an auto-bandwidth adjustment is attempted.
Granularity: 1 Mbps.

The other auto-bandwidth parameters for periodically triggered auto-bandwidth adjustment are:

*  Up% (adjust-up in percent): minimum increase in bandwidth from current to measured bandwidth,
expressed as a percentage of the current bandwidth. Default: 5%.

* Up (adjust-up bw): minimum increase in bandwidth as absolute bandwidth in Mbps. Up = measuredBW
— currentBW. Granularity: 1 Mbps. Default: 0 Mbps.

# On PE-1:
configure {
router "Base" mpls lsp "LSP-PE-1-PE-2" auto-bandwidth adjust-up ?

adjust-up
bw - Minimum difference in absolute bandwidth
percent - Minimum difference in percent

configure {
router "Base" mpls lsp "LSP-PE-1-PE-2" auto-bandwidth adjust-up bw ?

bw <number>
<number> - <0..6400000> - megabps
Default - 0

Minimum difference in absolute bandwidth

configure {
router "Base" mpls lsp "LSP-PE-1-PE-2" auto-bandwidth adjust-up percent ?

percent <number>
<number> - <0..100> - percent
Default - 5

Minimum difference in percent
* Down% (adjust-down in percent): minimum decrease in bandwidth from current to measured bandwidth,
expressed as a percentage of the current bandwidth. Default: 5%.

» Down (adjust-down bw): minimum decrease in bandwidth as absolute bandwidth in Mbps. Down =
currentBW — measuredBW. Granularity: 1 Mbps. Default: 0 Mbps.

# On PE-1:
configure {
router "Base" mpls lsp "LSP-PE-1-PE-2" auto-bandwidth adjust-down ?

adjust-down

bw - Minimum difference in absolute bandwidth
percent - Minimum difference in percent
3HE 20797 AAAE TQZZA ©2025 Nokia. 18
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configure {
router "Base" mpls lsp "LSP-PE-1-PE-2" auto-bandwidth adjust-down bw ?

bw <number>
<number> - <0..6400000> - megabps
Default - 0

Minimum difference in absolute bandwidth

configure {
router "Base" mpls lsp "LSP-PE-1-PE-2" auto-bandwidth adjust-down percent ?

percent <number>
<number> - <0..100> - percent
Default - 5

Minimum difference in percent

In Figure 1: Auto-Bandwidth Adjustment Implementation, the minimum and maximum bandwidths mark
the bandwidth range where auto-bandwidth adjustments are allowed. The sample interval is two collection
intervals long (2 * 5 minutes = 10 minutes). The adjust-interval is 10 collection intervals long (10 * 5
minutes = 50 minutes). Initially, the current bandwidth (O) equals the configured bandwidth for the primary
path. It is good practice to give that same value to the minimum bandwidth for auto-bandwidth. The system
doesn’t confirm this and these bandwidths are independent from each other.

In this example, the sampled bandwidth exceeds the current bit rate in most of the sample intervals. The
maximum sampled bandwidth in the current adjust-interval corresponds to the measured bandwidth (M).
When auto-bandwidth adjustment is triggered at the end of the adjust-interval, this measured bandwidth
is signaled and, after a successful adjustment, is the new current bandwidth. After the auto-bandwidth
adjustment, a new adjust-interval starts and the measured bandwidth is reset to 0. As long as the first
sample interval of the new adjust-interval is not finished, the measured bandwidth equals 0 and auto-
adjustment is impossible even when triggered manually.

The auto-bandwidth attempt follows these rules:
*  When measuredBW = currentBW

— if {(measuredBW / currentBW — 1) = up%} &&{(measuredBW — currentBW) = up then signaledBW =
max{(min(measuredBW, maxBW)), minBW}

*  When measuredBW < currentBW

— if {(1 — measuredBW / currentBW) = down%]} && {(currentBW — measuredBW) = down} then
signaledBW = min{(max(measuredBW, minBW)), maxBW}

CLI configured bandwidths have a granularity of 1 Mbps, while the threshold calculations with measured
bandwidth are performed at full precision. This means that the signaled bandwidth in the RSVP message is
rounded up to the nearest integer multiple of 1 Mbps.

Overflow/Underflow Trigger

Auto-bandwidth adjustment can also be triggered by overflow or underflow. When the bandwidth changes
drastically, the bandwidth can be auto-adjusted after a number of consecutive overflow/underflow samples.
In this case, there is no need to wait for the adjust-interval to end (by default: 24 h).

The parameters used in case of overflow are:
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» Overflow sample: a sample interval counts as an overflow sample if the sampled bandwidth is higher
than the current bandwidth by at least the configured overflow thresholds.

» Overflow-limit/overflow-count: an auto-bandwidth adjustment occurs after this number of consecutive
overflow samples.

* Threshold%: minimum difference between sampled bandwidth and current bandwidth, expressed as a
percentage of the current bandwidth.

» Threshold bw: minimum difference between sampled bandwidth and current bandwidth in Mbps. Default
value: 0.

# On PE-1:
configure {
router "Base" mpls lsp "LSP-PE-1-PE-2" auto-bandwidth overflow-limit ?

overflow-limit

bw - Minimum difference in absolute bandwidth

number ”~ Number of overflow samples to trigger an overflow auto-
bandwidth adjustment attempt

threshold - Minimum difference in percent between the LSP bandwidth and

the sampled data rate

configure {
router "Base" mpls lsp "LSP-PE-1-PE-2" auto-bandwidth overflow-limit bw ?

bw <number>
<number> - <1..6400000> - megabps

Minimum difference in absolute bandwidth

configure {
router "Base" mpls lsp "LSP-PE-1-PE-2" auto-bandwidth overflow-limit number ?

number <number>
<number> - <1..10>

'number' is: mandatory

Number of overflow samples to trigger an overflow auto-bandwidth adjustment attempt

configure {
router "Base" mpls lsp "LSP-PE-1-PE-2" auto-bandwidth overflow-limit threshold ?

threshold <number>
<number> - <0..100> - percent
Default - 0

Minimum difference in percent between the LSP bandwidth and the sampled data rate

The rules for overflow-triggered auto-bandwidth adjustment are as follows:

* Overflow sample: {(sampledBW / currentBW — 1) = threshold%} && {(sampledBW — currentBW) =
thresholdBW}

* The signaled bandwidth is:
— if (measuredBW = maxBW) then signaledBW = maxBW
— if (measuredBW < minBW) then signaledBW = minBW

© 2025 Nokia.
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— else signaledBW = measuredBW
The parameters used in case of underflow are:

» Underflow sample: a sample interval counts as an underflow sample if the sampled bandwidth is lower
than the current bandwidth by at least the configured underflow thresholds.

» Underflow-limit/underflow-count: an auto-bandwidth adjustment occurs after this number of consecutive
underflow samples.

» Threshold%: minimum difference between current bandwidth and sampled bandwidth, expressed as a
percentage of the current bandwidth.

» Threshold bw: minimum difference between current bandwidth and sampled bandwidth in Mbps. Default
value: 0.

* Maximum underflow bandwidth (MU): maximum sampled bandwidth in the consecutive underflow
samples.

# On PE-1:
configure {
router "Base" mpls lsp "LSP-PE-1-PE-2" auto-bandwidth underflow-limit ?

underflow-limit

bw - Minimum difference in absolute bandwidth

number ”~ Number of overflow samples to trigger an overflow auto-
bandwidth adjustment att

threshold - Minimum difference in percent between the LSP bandwidth and

the sampled data ra
configure {
router "Base" mpls lsp "LSP-PE-1-PE-2" auto-bandwidth underflow-limit bw ?

bw <number>
<number> - <1..6400000> - megabps

Minimum difference in absolute bandwidth
configure {
router "Base" mpls lsp "LSP-PE-1-PE-2" auto-bandwidth underflow-limit number ?

number <number>
<number> - <1..10>

"number' is: mandatory
Number of overflow samples to trigger an overflow auto-bandwidth adjustment attempt
configure {
router "Base" mpls lsp "LSP-PE-1-PE-2" auto-bandwidth underflow-limit threshold ?
threshold <number>
<number> - <0..100> - percent

Default - 0

Minimum difference in percent between the LSP bandwidth and the sampled data rate

© 2025 Nokia.
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Figure 2: Underflow-Triggered Auto-Bandwidth Implementation
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In Figure 2: Underflow-Triggered Auto-Bandwidth Implementation, the adjust-interval is not displayed.

It is assumed to be the default of 288 collection intervals (24 h). The figure only shows five consecutive
underflow samples. The underflow-limit equals 5. In each of the samples, the sample bandwidth is below
the underflow threshold. The maximum sampled bandwidth of these five samples corresponds to the
maximum underflow bandwidth. This bandwidth is signaled when auto-bandwidth adjustment is triggered
because the underflow count is reached.

The rules for underflow-triggered auto-bandwidth adjustment are as follows:
» Underflow sample:
— {(1 - sampledBW / currentBW) = threshold%} && {(currentBW — sampledBW) = thresholdBW}

* Underflow count/underflow limit: after that many consecutive underflow samples, an auto-bandwidth
adjustment is triggered.

» The signaled bandwidth is:
— if (maxUnderflowBW = maxBW) then signaledBW = maxBW
— if (maxUnderflowBW < minBW) then signaledBW = minBW
— else signaledBW = maxUnderflowBW

If the adjustment is successful, the sample counter within the adjust-interval is reset, along with other
parameters, such as the maximum underflow bandwidth, the measured bandwidth, and the underflow
count. The next adjust-interval will elapse in 24 h.

If the adjustment fails, there are 5 retries. If they all fail, only the underflow count and the maximum
underflow bandwidth are reset. The current adjust-interval continues.
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Manual Trigger

Besides the periodic trigger and the overflow/underflow trigger, an operator can launch a tools command
to trigger an auto-bandwidth adjustment.

# On PE-1:
tools perform router "Base" mpls adjust-autobandwidth ?

adjust-autobandwidth [lsp <string>]
adjust-autobandwidth lsp <string> [force]
adjust-autobandwidth lsp <string> force [bandwidth <number>]

lsp - string '<l..64 characters>'

# On PE-1:
tools perform router "Base" mpls adjust-autobandwidth

This tools command can be launched with or without explicit LSP name. In the latter case, all active LSPs
are attempted for auto-bandwidth.

# On PE-1:
tools perform router "Base" mpls adjust-autobandwidth lsp "LSP-PE-1-PE-2" ?

adjust-autobandwidth [lsp <string>]
adjust-autobandwidth lsp <string> [force]
adjust-autobandwidth lsp <string> force [bandwidth <number>]

force - keyword

# On PE-1:
tools perform router "Base" mpls adjust-autobandwidth lsp "LSP-PE-1-PE-2" force ?

adjust-autobandwidth lsp <string> [force]
adjust-autobandwidth lsp <string> force [bandwidth <number>]

bandwidth - rate-in-mbps

# On PE-1:
tools perform router "Base" mpls adjust-autobandwidth lsp "LSP-PE-1-PE-2" force bandwidth ?

bandwidth (<number> | <expression>)
<expression> - range ([])
[0..6400000]

# On PE-1:
tools perform router "Base" mpls adjust-autobandwidth lsp "LSP-PE-1-PE-2"

This command (without the keyword force) triggers a new auto-bandwidth calculation according to the
rules of periodic triggered type. If the LSP already has the correct reserved bandwidth, the following
message is returned.

# On PE-1:
tools perform router "Base" mpls adjust-autobandwidth lsp "LSP-PE-1-PE-2"
MINOR: CLI #2005: Error while processing command
- lsp LSP-PE-1-PE-2 active path is already at the requested value 10 Mbps.
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If the keyword force is added without a specific value for the bandwidth, there is no threshold checking.
The bandwidth can also be adjusted if the difference in bandwidth is below the thresholds. The granularity
remains 1 Mbps.

# On PE-1:
tools perform router "Base" mpls adjust-autobandwidth lsp "LSP-PE-1-PE-2" force

The rules for the signaled bandwidth are unchanged:

» if (measuredBW = maxBW) then signaledBW = maxBW

+ if (measurealedBdBW < minBW) then signaledBW = minBW

» else signaledBW = measuredBW

If the keyword force with bandwidth (in Mbps) option is given, the signaled bandwidth is set to this

configured bandwidth, even if it is a value below the minimum or higher than the maximum bandwidth.

# On PE-1:
tools perform router "Base" mpls adjust-autobandwidth lsp "LSP-PE-1-PE-2" force bandwidth 30

After a manually triggered auto-bandwidth MBB, no counters are reset. The ongoing adjust-interval is not
aborted.

A clear command resets all counters and timers associated with auto-bandwidth adjustment on a specified
LSP.

# On PE-1:
clear router "Base" mpls lsp-autobandwidth "LSP-PE-1-PE-2"

Passive Monitoring

The system offers the option to measure the bandwidth of an LSP without taking any action to adjust the
bandwidth reservation.

# On PE-1:
configure {
router "Base" mpls 1lsp "LSP-PE-1-PE-2" auto-bandwidth monitor-bandwidth

Auto-Bandwidth Based on Forwarding Class

From SR OS Release 11.0.R4 onward, the bandwidth can be calculated as a weighted sum of all the traffic
in the eight forwarding classes. By default, all forwarding classes have the same weight: 100%, but that
sampling weight is configurable.

# On PE-1:
configure {
router "Base" mpls 1lsp "LSP-PE-1-PE-2" auto-bandwidth fc ?

[fc-name] (<keyword> | <expression>)
<keyword> - (be|l2|af|11|h2|ef|h1l]|nc)
<expression> - wildcard (*), regular expression (') or range ([])

Forwarding class name for LSP

© 2025 Nokia.
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configure {
router "Base" mpls lsp "LSP-PE-1-PE-2" auto-bandwidth fc fc-name ?

[fc-name] (<keyword> | <expression>)

<keyword> - (be|12|af|1l1|h2|ef|h1l|nc)

<expression> - wildcard (*), regular expression (') or range ([])
Forwarding class name for LSP

configure {
router "Base" mpls lsp "LSP-PE-1-PE-2" auto-bandwidth fc fc-name be ?

fc

apply-groups - Apply a configuration group at this level
apply-groups-exclude - Exclude a configuration group at this level
sampling-weight - Forwarding class weight for LSP

configure {
router "Base" mpls lsp "LSP-PE-1-PE-2" auto-bandwidth fc fc-name be sampling-weight ?

sampling-weight <number>
<number> - <0..100> - percent
Default - 100

Forwarding class weight for LSP

Active Path Change

Auto-bandwidth adjustment is also supported on LSPs that have secondary paths. If the secondary

path is standby, an auto-bandwidth MBB can be triggered when the active path changes from primary

to secondary. The secondary/standby path is only initialized at its configured bandwidth when it is
established, and the bandwidth is adjusted only when it becomes active. This happens when the primary
path goes down or becomes degraded. When another path becomes active, the bandwidth used to signal
the auto-bandwidth MBB is the operational bandwidth of the previous path.

The definition for current bandwidth is modified for this feature:

» Current bandwidth: last known reserved bandwidth for the LSP. This may be for a different path than the
active one.

Auto-bandwidth adjustment will only take place on the active path. When the active path changes, the
current bandwidth is updated to the operational bandwidth of the new active path.

» For a secondary path that is signaled as standby, if the active path for an LSP changes without the LSP
going down, an auto-bandwidth MBB is triggered on the new active path. The signaled bandwidth is
the operational bandwidth of the previous path. The reserved bandwidth of the new active path is its
configured bandwidth until the MBB succeeds.

» For a secondary path where the active path goes down, the LSP will go down temporarily until the
secondary path is set up. When the LSP goes down, all statistics and counters are cleared, so the
previous path operational bandwidth is lost. There is no immediate bandwidth adjustment on the
secondary path.

The following rules apply to determine the signaled bandwidth of the new active path.
» For a path that is operationally down, signaledBW = configuredBW.
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» For the first 5 MBB attempts on the path that just became active,
signaledBW = currentBW (operational bandwidth of the previous path).
For the remaining MBB attempts, signaledBW = operationalBW.
* For all MBBs other than auto-bandwidth MBB on the active path,
MBB signaledBW = operationalBW.
» For an MBB on the inactive (standby) path, MBB signaledBW = configuredBW.

When the system reverts from a secondary standby path to the primary path, a Delayed Retry MBB is
attempted to bring the bandwidth on the standby path back to the configured bandwidth. MBB is attempted
once, and if it fails, the standby is torn down. A Delayed Retry MBB has the highest priority among MBBs,
so it will take precedence over any other MBB in progress on the standby path, such as configuration
change or pre-emption.

Configuration

Figure 3: Example Setup for Auto-Bandwidth Point-to-Point LSPs shows the example setup. The focus is
on the RSVP LSP from PE-1 to PE-2.

Figure 3: Example Setup for Auto-Bandwidth Point-to-Point LSPs
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Base Configuration

The cards, MDAs and ports need to be configured.

Configure the interfaces on all nodes.

# On PE-1:
configure {
router "Base" {
interface "int-PE-1-PE-2" {
port 1/1/cl/1
ipv4d {
primary {
address 192.168.12.1
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prefix-length 30

}

}

interface "int-PE-1-PE-3" {
port 1/1/c2/1

ipvd {
primary {
address 192.168.13.1
prefix-length 30
}
}
}
interface "system" {
ipvd {
primary {
address 192.0.2.1
prefix-length 32
}
}
}
}
}
As an IGP, OSPF or IS-IS can be used. In this example, OSPF is configured. Traffic engineering should be
enabled.
# On PE-1:

configure {
router "Base" {
ospf 0 {

admin-state enable

traffic-engineering true

area 0.0.0.0 {
interface "int-PE-1-PE-2" {

interface-type point-to-point

}

interface "int-PE-1-PE-3" {
interface-type point-to-point
}

interface "system" { }

}

Optionally, enable LDP on all interfaces. Link-layer LDP is not a prerequisite for using auto-bandwidth
RSVP LSPs. In this example, the SDP from PE-2 to PE-1 uses an LDP LSP, but it could have been an
RSVP-TE LSP instead.

# On PE-1:
configure {
router "Base" {
ldp {
interface-parameters {
interface "int-PE-1-PE-2" {
ipva { }

)
interface "int-PE-1-PE-3" {
ipvd { }
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}

Enable MPLS and RSVP on all nodes and add all interfaces to the mpls context. They will automatically be

added to the rsvp context.

# On PE-1:
configure {
router "Base" {
mpls {
admin-state enable
interface "int-PE-1-PE-2"
interface "int-PE-1-PE-3"

}

rsvp {
admin-state enable
interface "int-PE-1-PE-2"
interface "int-PE-1-PE-3"

}

}

Configure a path with no explicitly defined hops and LSP LSP-PE-1-PE-2 on PE-1:

# On PE-1:
configure {
router "Base" {
mpls {
path "loose" {
admin-state enable
}

lsp "LSP-PE-1-PE-2" {
admin-state enable

type p2p-rsvp
to 192.0.2.2
primary "loose" { }

}

In the example, traffic needs to be injected into the LSP tunnel. For that, a VPLS service is created. On
PE-1, an SDP using the RSVP LSP to PE-2 is created.

# On PE-1:
configure {
service {
sdp 212 {
admin-state enable
description "SDP-PE-1-PE-2-overRSVP-TE"
delivery-type mpls
far-end {
ip-address 192.0.2.2
}
lsp "LSP-PE-1-PE-2" { }
}
}
}
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On PE-2, an SDP using LDP is created toward PE-1.

# On PE-2:
configure {
service {
sdp 121 {
admin-state enable
description "SDP-PE-2-PE-1-overLDP"
delivery-type mpls
ldp true
far-end {
ip-address 192.0.2.1
}
}
}
}

On PE-1 and PE-2, a VPLS is created.

# On PE-1:
configure {
service {
vpls "VPLS 100" {

admin-state enable
service-id 100
customer "1"
spoke-sdp 212:100 { }
sap 1/1/c3/1 { }

}

The configuration on PE-2 is similar.

Pre-requisites for Auto-Bandwidth LSP Configuration

Enable Constrained Shortest Path First (CSPF) on the LSP by adding path-computation-method local-

cspf.

# On PE-1:
configure {
router "Base" {
mpls {
lsp "LSP-PE-1-PE-2" {

}

path-computation-method local-cspf

}

The bandwidth of the LSP is adjusted in a Make-Before-Break (MBB) manner. Enable MBB on the LSP by

adding adaptive true to the primary path.

# On PE-1:
configure {
router "Base" {
mpls {
lsp "LSP-PE-1-PE-2" {
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primary "loose" {
adaptive true
}

}

Enter a value for the bandwidth in Mbps for the primary path. It is good practice to configure the same
value as for the minimum bandwidth in the auto-bandwidth settings.

# On PE-1:
configure {
router "Base" {
mpls {
lsp "LSP-PE-1-PE-2" {
primary "loose" {
bandwidth 2

)

Auto-Bandwidth LSP Configuration

MPLS auto-bandwidth adjustment allows the ingress LER to dynamically adjust the bandwidth of an RSVP
tunnel based on active measurements of the traffic rate into the tunnel. Therefore, LSP egress statistics
need to be enabled on the iLER.

Auto-bandwidth adjustment requires an accounting policy to be defined and operational. The accounting
policy specifies the collection interval for LSP statistics collection, which is fundamental to the auto-
bandwidth algorithm. The minimum interval for this type of collection is 5 minutes, which is the default

value.
# 0On PE-1:
configure {
log {
accounting-policy 10 {
admin-state enable
record combined-mpls-1lsp-egress
destination {
null
}
collection-interval 5 ## default (in minutes)
}
}
}

An accounting policy of record type combined-mpls-Isp-egress doesn’t need a reference to a specific file
ID.

From the moment auto-bandwidth is enabled within an Isp context, the record combined-mpls-Isp-egress
inside the accounting policy will also take bandwidth measurements.

# On PE-1:
configure {
log {
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accounting-policy 10 {
destination {
null
}

}

When the destination { null } is configured, no LSP statistics are stored anymore. The MPLS auto-
bandwidth feature retrieves its LSP statistics information directly from the statistics module.

However, the accounting policy can reference a file and, therefore, a CF card. An additional CF card may
be required in each node as a storage location.

# On PE-1:
configure {
log {
file "77" {
rollover 15
retention 1
compact-flash-location {
primary cfl

}

}
accounting-policy 77 {
admin-state enable
record combined-mpls-1lsp-egress
destination {
file "77"
}

}

In the remainder of the example, the accounting policy will reference to destination { null }.

After the accounting policy has been created, egress statistics can be enabled on the LSP.

# On PE-1:
configure {
router "Base" {
mpls {
lsp "LSP-PE-1-PE-2" {
egress-statistics {

admin-state enable
collect-stats true
accounting-policy 10

}

The system does not verify whether egress statistics have been enabled on the LSP. When a user
configures auto-bandwidth adjustment, but without enabling egress statistics, no auto-bandwidth
measurements and adjustments are performed. The operational state of auto-bandwidth (AB OpState) is

down.
Enable auto-bandwidth with default settings by adding the keyword auto-bandwidth to the LSP.

# On PE-1:

3HE 20797 AAAE TQZZA © 2025 Nokia.

Use subject to Terms available at: www.nokia.com/terms.

31



MPLS Advanced Configuration Guide for MD CLI
Releases up to 25.7.R2

Automatic Bandwidth Adjustment in P2P LSPs

configure {
router "Base" mpls lsp "LSP-PE-1-PE-2" auto-bandwidth

The actual values are shown in the following output. They are explained after the output.

[/1]
A:admin@PE-1# show router mpls lsp "LSP-PE-1-PE-2" auto-bandwidth

MPLS LSP (Auto Bandwidth)

Legend :
+ - Inherited

LSP Name : LSP-PE-1-PE-2

Auto BW : Enabled AB OpState : Up

Auto BW Min : 0 Mbps Auto BW Max : 100000 Mbps
AB Up Thresh : 5 percent AB Down Thresh : 5 percent
AB Up BW : 0 Mbps AB Down BW : 0 Mbps

AB Curr BwW : 2 Mbps AB Samp Intv : 5 Mins

AB Adj Mul 1 288+ AB Samp Mul : 1+

AB Adj Time : 1440 Mins AB Samp Time : 5 Mins

AB Adj Cnt 1 0 AB Samp Cnt : 0

AB Last Adj i n/a AB Next Adj : 1440 Mins
ABMaxAvgRt : 0 Mbps AB Lst AvgRt : 0 Mbps

AB Ovfl Lmt 0 AB Ovfl Cnt : 0
ABOvflThres : 0 percent AB Ovfl BW : 0 Mbps

AB UndflLmt 1 0 AB Undrfl Cnt : 0
ABUNndflThrs : 0 percent AB Undrfl BW : 0 Mbps
ABMaxUndf1BW : 0 Mbps

AB Adj Cause I none AB Monitor BW : False

Be Weight : 100 percent Af Weight : 100 percent
L1 Weight : 100 percent L2 Weight : 100 percent
Nc Weight : 100 percent Ef Weight : 100 percent
H1 Weight : 100 percent H2 Weight : 100 percent

Use Last Adj BW : Disabled

The plus sign (+) indicates that the value is inherited from the global MPLS settings (AB Adj Mul: 288+
and AB Samp Mul: 1+). The sample-multiplier and the adjust-multiplier can both be configured globally in
the mpls context or overruled by the settings per LSP. In this example, nothing has been configured in the
mpls context or in the LSP. Therefore, the default values as defined in the mpls context are applicable.

Auto-Bandwidth — Periodic Trigger (Normal)

The default collection interval is 5 minutes. The sample-multiplier is 1, by default. The sample interval
equals 1 * 5 minutes = 5 minutes, by default. The adjust-multiplier is 288, by default. The adjustment
interval equals 288 * 5 minutes = 1440 minutes (24 hours), by default.

The auto-bandwidth settings for the LSP are modified as follows:

# On PE-1:
configure {
router "Base" {
mpls {
1sp "LSP-PE-1-PE-2" {
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auto-bandwidth {
max-bandwidth 20
min-bandwidth 2

adjust-up {
percent 10
bw 1

}

adjust-down {
percent 5 # default
bw 0 # default

}

multipliers {
sample-multiplier 1
adjust-multiplier 3

}

In the example, the bandwidth of the LSP can be auto-adjusted every 15 minutes (after 3 intervals of 5
minutes). For a decrease in bandwidth, the default settings apply and no explicit command is required in
this example. That means that the current bandwidth is only reduced when the difference in bandwidth is
at least 5%. There is no absolute decrease (in Mbps) defined. For an increase in bandwidth, there is only
an adjustment when the increase is at least 10% and at least 1 Mbps. The minimum bandwidth is 2 Mbps.
This equals the bandwidth set in the path in the LSP (recommended). The maximum bandwidth equals 20
Mbps. The system will not compare the minimum or maximum bandwidth to the configured bandwidth for
the path.

Display the actual auto-bandwidth data after 5, 10, and 15 minutes.
There are different bandwidths displayed:

+ The AB Curr BW is the operational bandwidth during the adjustment interval. It is initially the configured
bandwidth of the path in the LSP, but it can be auto-adjusted. This bandwidth is taken into account in
the control plane when an LSP is set up or modified in case of MBB. The real data rate in the data plane
may exceed this operational bandwidth.

+ The ABMaxAvgRt is the measured bandwidth, meaning the maximum averaged bandwidth (calculated
every sample interval of 5 minutes) in the adjustment interval of 15 minutes (AB Adj Time: 15 Min).

+ The AB Lst AvgRt is the sampled bandwidth, averaged over the latest sample interval of 5 minutes
(AB Samp Intv: 5 Mins).

After 5 minutes, one collection interval has elapsed within the adjust-interval (AB Adj Cnt = 1) and the next
adjustment time is in 10 minutes (AB Next Adj = 10 Min). The current bandwidth equals 2 Mbps, while the
measured and the sampled bandwidths are much higher: 10 Mbps.

[/1]
A:admin@PE-1# show router mpls lsp "LSP-PE-1-PE-2" auto-bandwidth

MPLS LSP (Auto Bandwidth)

Legend :
+ - Inherited
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LSP Name
Auto BW
Auto BW Min
AB Up Thresh
AB Up BW

AB Curr BW
AB Adj Mul
AB Adj Time
AB Adj Cnt
AB Last Adj
ABMaxAvgRt
AB Ovfl Lmt
ABOvflThres
AB UndflLmt
ABUNndflThrs
ABMaxUndf1BW
AB Adj Cause
Be Weight

L1 Weight

Nc Weight

H1 Weight

Use Last Adj BW :

1
: n/a
1 0
: 0 percent
1 0

: 0 percent
: 0 Mbps

1 none

LSP-PE-1-PE-2
: Enabled
: 2 Mbps

10 percent
1 Mbps

. 2 Mbps
: 3

15 Mins

10 Mbps

100 percent
100 percent
100 percent
100 percent
Disabled

AB

OpState

Auto BW Max

AB
AB
AB
AB
AB
AB
AB
AB
AB
AB
AB
AB

AB
Af
L2
Ef
H2

Down Thresh
Down BW
Samp Intv
Samp Mul
Samp Time
Samp Cnt
Next Adj
Lst AvgRt
Ovfl Cnt
ovfl BW
Undrfl Cnt
Undrfl BW

Monitor BW
Weight
Weight
Weight
Weight

: 0
: 0 Mbps
: 0

: 0 Mbps

: Up

: 20 Mbps

: 5 percent
: 0 Mbps

: 5 Mins

1

: 5 Mins
: 0

10 Mins
10 Mbps

False

100 percent
100 percent
100 percent
100 percent

After 10 minutes, another collection interval has elapsed in the adjust-interval (AB Adj Cnt = 2) and the
next adjustment time is in 5 minutes (AB Next Adj = 5 Min).

[/1

A:admin@PE-1# show router mpls lsp "LSP-PE-1-PE-2" auto-bandwidth

MPLS LSP (Auto Bandwidth)

Legend :

+ - Inherited

LSP Name LSP-PE-1-PE-2
Auto BW : Enabled AB OpState : Up
Auto BW Min : 2 Mbps Auto BW Max : 20 Mbps
AB Up Thresh : 10 percent AB Down Thresh 5 percent
AB Up BW : 1 Mbps AB Down BW 0 Mbps
AB Curr BwW : 2 Mbps AB Samp Intv 5 Mins
AB Adj Mul 3 AB Samp Mul 1
AB Adj Time : 15 Mins AB Samp Time 5 Mins
AB Adj Cnt r 2 AB Samp Cnt : 0
AB Last Adj i n/a AB Next Adj : 5 Mins
ABMaxAvgRt : 10 Mbps AB Lst AvgRt : 10 Mbps
AB Ovfl Lmt 1 0 AB Ovfl Cnt 0
ABOvflThres : 0 percent AB Ovfl BW 0 Mbps
AB UndflLmt 1 0 AB Undrfl Cnt 0
ABUNndflThrs : 0 percent AB Undrfl BW 0 Mbps
ABMaxUndf1BW : 0 Mbps
AB Adj Cause I none AB Monitor BW False
Be Weight 100 percent Af Weight 100 percent
L1 Weight 100 percent L2 Weight 100 percent
Nc Weight 100 percent Ef Weight 100 percent
H1 Weight : 100 percent H2 Weight 100 percent
Use Last Adj BW : Disabled
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After 15 minutes, auto-bandwidth adjustment occurs. AB Adj Cause is normal for periodically triggered
adjustments. The next adjustment interval will elapse in 15 minutes. The measured bandwidth

ABMaxAvgRt is reset to 0 after a successful adjustment.

[/1]

A:admin@PE-1# show router mpls 1lsp "LSP-PE-1-PE-2" auto-bandwidth

MPLS LSP (Auto Bandwidth)

Legend :

+ - Inherited

: LSP-P

LSP Name
Auto BW
Auto BW Min
AB Up Thresh
AB Up BW

AB Curr Bw
AB Adj Mul
AB Adj Time
AB Adj Cnt
AB Last Adj
ABMaxAvgRt
AB Ovfl Lmt
ABOvVflThres
AB UndflLmt
ABUNndflThrs
ABMaxUndf1BW
AB Adj Cause
Be Weight

L1 Weight

Nc Weight

H1 Weight
Use Last Adj

E-1-PE-2

: Enabled

: 2 Mbps

: 10 percent
: 1 Mbps

: 10 Mbps

: 3

: 15 Mins

1 0

1 03/19/2024 21:08:58
: 0 Mbps

1 0

: 0 percent

1 0

: 0 percent

: 0 Mbps

: normal

: 100 percent
: 100 percent
: 100 percent
: 100 percent

BW :

Disabled

AB OpState
Auto BW Max

AB Down Thresh

AB Down BW
AB Samp Intv
AB Samp Mul
AB Samp Time
AB Samp Cnt
AB Next Adj
AB Lst AvgRt
AB Ovfl Cnt
AB Ovfl BW

AB Undrfl Cnt
AB Undrfl BW

AB Monitor BW

Af Weight
L2 Weight
Ef Weight
H2 Weight

: 20 Mbps
: 5 percent

Mbps
Mins

Mins

: False

: 100 percent
: 100 percent
: 100 percent
: 100 percent

The periodic trigger type rules for auto-bandwidth are:
*  When measuredBW = currentBW
— if {(measuredBW / currentBW — 1) = up%} &&{(measuredBW — currentBW) = up

then signaledBW = max{(min(measuredBW, maxBW)), minBW}

In this case, the measuredBW (10 Mbps) is greater than the currentBW (2 Mbps). The increase is at least
10% (up%) and at least 1 Mbps (up). The bandwidth is adjusted. The new bandwidth that is signaled is

calculated as follows:

signaledBW
signaledBW
signaledBW
signaledBW

ma
10

x {10 Mbps, 2 Mbps}
Mbps

max{(min(measuredBW, maxBW)), minBW}
max {(min (10 Mbps, 20 Mbps)), 2 Mbps}

Whenever an auto-bandwidth adjustment is performed, a message is stored in log 99.

[/1]

A:admin@PE-1# show log log-id 99 application "mpls"
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Event Log 99 log-n

ame 99

Description : Defa
Memory Log content

ult System Log

s [size=500 next event=197 (not wrapped)]

196 2024/03/19 21:08:57.987 UTC WARNING: MPLS #2014 Base VR 1:
"LSP path LSP-PE-1-PE-2::loose resignaled as a result of autoBandwidth MBB"

When the maximum bandwidth is modified to a value that is lower than the current bandwidth, an

adjustment occurs at the end of the adjustment interval.

# On PE-1:
configure {

router "Base" mpls lsp "LSP-PE-1-PE-2" auto-bandwidth max-bandwidth 9

The current bandwidth is reduced to 9 Mbps (for a measured bandwidth of 10 Mbps).

[/1]

A:admin@PE-1# show router mpls 1lsp "LSP-PE-1-PE-2" auto-bandwidth

MPLS LSP (Auto Ban

dwidth)

Legend :
+ - Inherited

LSP Name : LSP-PE-1-PE-2
Auto BW : Enabled AB OpState : Up
Auto BW Min : 2 Mbps Auto BW Max : 9 Mbps
AB Up Thresh : 10 percent AB Down Thresh : 5 percent
AB Up BW : 1 Mbps AB Down BW : 0 Mbps
AB Curr BW : 9 Mbps AB Samp Intv : 5 Mins
AB Adj Mul ;3 AB Samp Mul 11
AB Adj Time : 15 Mins AB Samp Time : 5 Mins
AB Adj Cnt i1 AB Samp Cnt : 0
AB Last Adj 1 03/19/2024 21:23:58 AB Next Adj : 10 Mins
ABMaxAvgRt : 10 Mbps AB Lst AvgRt : 10 Mbps
AB Ovfl Lmt : 0 AB Ovfl Cnt 1 0
ABOvVflThres : 0 percent AB Ovfl BW : 0 Mbps
AB UndflLmt : 0 AB Undrfl Cnt 10
ABUNndflThrs : 0 percent AB Undrfl BW : 0 Mbps
ABMaxUndf1BW : 0 Mbps
AB Adj Cause : normal AB Monitor BW : False
Be Weight : 100 percent Af Weight : 100 percent
L1 Weight : 100 percent L2 Weight : 100 percent
Nc Weight : 100 percent Ef Weight : 100 percent
H1 Weight : 100 percent H2 Weight : 100 percent
Use Last Adj BW : Disabled
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Auto-Bandwidth - Passive Monitoring

When passive monitoring is enabled, no automatic bandwidth adjustments occurs. When the maximum
bandwidth is again raised to 20 Mbps, the bandwidth will not be auto-adjusted even if the measured

bandwidth is high enough.

# 0On PE-1:
configure {

router "Base" {

mpls {

lsp "LSP-PE-1-PE-2" {

}

The system monitors the bandwidth, but without taking action at the end of the adjust-interval.

[/1

A:admin@PE-1# show router mpls lsp "LSP-PE-1-PE-2" auto-bandwidth

auto-bandwidth {

max-bandwidth 20

monitor-bandwidth true

MPLS LSP (Auto Bandwidth)

Legend :

+ - Inherited

LSP Name : LSP-PE-1-PE-2
Auto BW : Enabled
Auto BW Min : 2 Mbps

AB Up Thresh : 10 percent
AB Up BW : 1 Mbps

AB Curr Bw : 9 Mbps

AB Adj Mul : 3

AB Adj Time : 15 Mins

AB Adj Cnt H

AB Last Adj : 03/19/2024 21:23:58
ABMaxAvgRt : 10 Mbps

AB Ovfl Lmt 1 0
ABOvflThres : 0 percent
AB UndflLmt 1 0
ABUNndflThrs : 0 percent
ABMaxUndf1BW : 0 Mbps

AB Adj Cause : normal

Be Weight : 100 percent
L1 Weight : 100 percent
Nc Weight : 100 percent
H1 Weight : 100 percent

Use Last Adj BW :

Disabled

AB

OpState

Auto BW Max

AB
AB
AB
AB
AB
AB
AB
AB
AB
AB
AB
AB

AB
Af
L2
Ef
H2

Down Thresh
Down BW
Samp Intv
Samp Mul
Samp Time
Samp Cnt
Next Adj
Lst AvgRt
Ovfl Cnt
Ovfl BW
Undrfl Cnt
Undrfl BW

Monitor BW
Weight
Weight
Weight
Weight

1
5
0
: 5
: 10 Mbps
0
0
0
0

: 20 Mbps

: 5 percent
: 0 Mbps

: 5 Mins

Mins

Mins

Mbps

Mbps

: True

: 100 percent
: 100 percent
: 100 percent
: 100 percent

The value for the parameter AB Monitor BW is True
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For the remainder of the chapter, there is no passive monitoring. The settings are restored to normal:

# On PE-1:
configure {
router "Base" {
mpls {
lsp "LSP-PE-1-PE-2" {
auto-bandwidth {
delete monitor-bandwidth
)

Auto-Bandwidth — Overflow and Underflow Trigger Type

With default settings, the adjustment interval is 24 hours. If the bandwidth changes significantly since the
start of the current adjust-interval, overflow and underflow triggers can be used. This will speed up the
auto-bandwidth adjustment.

Stop auto-bandwidth in order to force an MBB attempt toward the configured primary path bandwidth (2
Mbps in this example).

# On PE-1:
configure {
router "Base" {
mpls {
lsp "LSP-PE-1-PE-2" {
delete auto-bandwidth
}

}

Check the operational bandwidth of the LSP.

[/]
A:admin@PE-1# show router mpls lsp "LSP-PE-1-PE-2" detail

MPLS LSPs (Originating) (Detail)

Legend :
+ - Inherited

LSP Name : LSP-PE-1-PE-2
LSP Type : RegularLsp LSP Tunnel ID 11
LSP Index 1 TTM Tunnel Id 11
From : 192.0.2.1
To 1 192.0.2.2
Adm State : Up Oper State : Up
---snip---
Primary(a) : loose
3HE 20797 AAAE TQZZA © 2025 Nokia. 38

Use subject to Terms available at: www.nokia.com/terms.



MPLS Advanced Configuration Guide for MD CLI Automatic Bandwidth Adjustment in P2P LSPs
Releases up to 25.7.R2

Up Time : 0d 01:15:19
Bandwidth : 2 Mbps

* indicates that the corresponding row element may have been truncated.

Enable auto-bandwidth with similar settings as before and add overflow and underflow triggers. The

multipliers are default. Therefore, a periodically triggered auto-adjustment will only take place once every
24 hours.

# On PE-1:
configure {
router "Base" {
mpls {
lsp "LSP-PE-1-PE-2" {
auto-bandwidth {
max-bandwidth 20
min-bandwidth 2
adjust-up {
percent 10
bw 1

multipliers {
sample-multiplier 1
adjust-multiplier 288

overflow-limit {
threshold 10
bw 2
number 1

underflow-limit {
threshold 10
bw 2
number 3

}

The overflow count indicates the number of consecutive times that the overflow condition is detected at
the end of a sample interval. Auto-bandwidth adjustment occurs after that number of overflow samples
is reached, in this case, after the first overflow sample (overflow-limit = 1). The conditions for an overflow
sample are:

{(sampledBW / currentBW — 1) = threshold%} && {(sampledBW — currentBW) = thresholdBW}
{(7 Mbps / 2 Mbps — 1) =2 0,1} && {(7 Mbps — 2 Mbps) = 2 Mbps}
The signaled bandwidth is:
+ if (measuredBW = maxBW) then signaledBW = maxBW
» if (measuredBW < minBW) then signaledBW = minBW
else signaledBW = measuredBW
» if (7 Mbps = 20 Mbps) then signaledBW = 20 Mbps;
» if (7 Mbps < 2 Mbps) then signaledBW = 2 Mbps;
else signaledBW =7 Mbps
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Display the auto-bandwidth data. The AB Adj Cause is now overflow. The overflow limit is the configured
value of 1 (AB Ovfl Lmt). The overflow count has been reset (AB Ovfl Cnt = 0) after the auto-bandwidth
was adjusted, along with the ABMaxAvgRt. This is the start of a new adjust-interval of 24 hours.

[/]
A:admin@PE-1# show router mpls 1lsp "LSP-PE-1-PE-2" auto-bandwidth

MPLS LSP (Auto Bandwidth)

Legend :
+ - Inherited

LSP Name : LSP-PE-1-PE-2

Auto BW : Enabled AB OpState : Up

Auto BW Min : 2 Mbps Auto BW Max : 20 Mbps

AB Up Thresh : 10 percent AB Down Thresh : 5 percent
AB Up BW : 1 Mbps AB Down BW : 0 Mbps

AB Curr BW : 7 Mbps AB Samp Intv : 5 Mins

AB Adj Mul : 288 AB Samp Mul 11

AB Adj Time : 1440 Mins AB Samp Time : 5 Mins

AB Adj Cnt : 0 AB Samp Cnt : 0

AB Last Adj 1 03/19/2024 22:03:58 AB Next Adj : 1440 Mins
ABMaxAvgRt : 0 Mbps AB Lst AvgRt : 7 Mbps

AB Ovfl Lmt 01 AB Ovfl Cnt 10
ABOvVflThres : 10 percent AB Ovfl BW : 2 Mbps

AB UndflLmt : 3 AB Undrfl Cnt 1 0
ABUNndflThrs : 10 percent AB Undrfl BW : 2 Mbps
ABMaxUndf1BW : 0 Mbps

AB Adj Cause : overflow AB Monitor BW : False

Be Weight : 100 percent Af Weight : 100 percent
L1 Weight : 100 percent L2 Weight : 100 percent
Nc Weight : 100 percent Ef Weight : 100 percent
H1 Weight : 100 percent H2 Weight : 100 percent

Use Last Adj BW :

Disabled

In the following example, the current bandwidth is 7 Mbps, but the bandwidth dropped to 4 Mbps and the
conditions for underflow are met. At the end of a sample interval, the sampled bandwidth is reduced by at
least 10% and at least 2 Mbps, and this becomes an underflow sample. The conditions for an underflow
sample are:

{(1 - sampledBW / currentBW) = threshold%} && {(currentBW — sampledBW) = thresholdBW}
{(1 -4 Mbps /7 Mbps) = 0,1} && {(7 Mbps — 4 Mbps) = 2 Mbps}

The underflow limit equals 3, so an auto-bandwidth adjustment can only take place after the third
consecutive underflow sample. The new bandwidth will equal the maximum sampled underflow
bandwidth (ABMaxUndfIBW). This is the maximum sampled bandwidth in the three consecutive
underflow samples.

The signaled bandwidth is:

+ if (maxUnderflowBW = maxBW) then signaledBW = maxBW

+ if (maxUnderflowBW < minBW) then signaledBW = minBW
else signaledBW = maxUnderflowBW

+ if (4 Mbps = 20 Mbps) then signaledBW = 20 Mbps;
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» if (4 Mbps < 2 Mbps) then signaledBW = 2 Mbps;
else signaledBW = 4 Mbps

The following output shows the auto-bandwidth data after two consecutive underflow samples (AB Underfl
Cnt: 2). The maximum sampled underflow bandwidth equals 4 Mbps. No bandwidth adaptation can take
place until there are three consecutive underflow samples (AB UndflLmt: 3).

[/1]
A:admin@PE-1# show router mpls lsp "LSP-PE-1-PE-2" auto-bandwidth

MPLS LSP (Auto Bandwidth)

Legend :
+ - Inherited

LSP Name : LSP-PE-1-PE-2

Auto BW : Enabled AB OpState : Up

Auto BW Min : 2 Mbps Auto BW Max : 20 Mbps

AB Up Thresh : 10 percent AB Down Thresh : 5 percent
AB Up BW : 1 Mbps AB Down BW 0 Mbps

AB Curr BW : 7 Mbps AB Samp Intv : 5 Mins

AB Adj Mul 1 288 AB Samp Mul 11

AB Adj Time : 1440 Mins AB Samp Time 5 Mins

AB Adj Cnt : 3 AB Samp Cnt : 0

AB Last Adj 1 03/19/2024 22:03:58 AB Next Adj : 1425 Mins
ABMaxAvgRt : 7 Mbps AB Lst AvgRt : 4 Mbps

AB Ovfl Lmt 1 AB Ovfl Cnt : 0
ABOvflThres : 10 percent AB Ovfl BW : 2 Mbps

AB UndflLmt : 3 AB Undrfl Cnt 2
ABUNndflThrs : 10 percent AB Undrfl BW : 2 Mbps
ABMaxUnd f1BW : 4 Mbps

AB Adj Cause : overflow AB Monitor BW : False

Be Weight : 100 percent Af Weight : 100 percent
L1 Weight : 100 percent L2 Weight : 100 percent
Nc Weight : 100 percent Ef Weight : 100 percent
H1 Weight : 100 percent H2 Weight : 100 percent

Use Last Adj BW :

Disabled

After a successful auto-bandwidth adjustment, the ABMaxUndfIBW is reset, along with the AB Adj Cnt,
AB Underfl Cnt, and ABMaxAvgRt.

[/]
A:admin@PE-1# show router mpls 1lsp "LSP-PE-1-PE-2" auto-bandwidth

MPLS LSP (Auto Bandwidth)

Legend :
+ - Inherited

LSP Name : LSP-PE-1-PE-2
Auto BW : Enabled AB OpState : Up
Auto BW Min : 2 Mbps Auto BW Max : 20 Mbps

AB Up Thresh : 10 percent AB Down Thresh : 5 percent
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AB Up BW

AB Curr BW
AB Adj Mul
AB Adj Time
AB Adj Cnt
AB Last Adj
ABMaxAvgRt
AB Ovfl Lmt
ABOvflThres
AB UndflLmt
ABUndflThrs
ABMaxUndf1BW
AB Adj Cause
Be Weight

L1 Weight

Nc Weight

H1 Weight

Use Last Adj BW :

: 1 Mbps
: 4 Mbps
: 288
: 1440 Mins
1 0
: 03/19/2024 22:23:58
: 0 Mbps
1

: 10 percent
: 3

: 10 percent
: 0 Mbps

: underflow

: 100 percent
: 100 percent
: 100 percent
: 100 percent
Disabled

AB Down BW
AB Samp Intv
AB Samp Mul
AB Samp Time
AB Samp Cnt
AB Next Adj
AB Lst AvgRt
AB Ovfl Cnt
AB Ovfl BW
AB Undrfl Cnt
AB Undrfl BW

AB Monitor BW
Af Weight
L2 Weight
Ef Weight
H2 Weight

: 0 Mbps
: 5 Mins
1

: 5 Mins
: 0

: 1440 Mins
: 4 Mbps
: 0

: 2 Mbps
: 0

: 2 Mbps

: False

: 100 percent
: 100 percent
: 100 percent
: 100 percent

If the overload or underload trigger condition is met at the end of an adjust-interval, the auto-bandwidth
adjustment is normal, based on the periodic trigger. Overflow and underflow auto-bandwidth adjustments
only take place when the adjust-interval is not yet completed.

Auto-Bandwidth — Manual Trigger Type

As before, auto-bandwidth adjustment is disabled to revert to a bandwidth of 2 Mbps, as follows:

# On PE-1:
configure {

router "Base" {

mpls {
lsp

}

}

Afterward, auto-bandwidth adjustment is configured on PE-1, as follows:

# 0On PE-1:
configure {

"LSP-PE-1-PE-2" {
delete auto-bandwidth

router "Base" {

mpls {
lsp
}
}
3HE 20797 AAAE TQZZA

"LSP-PE-1-PE-2" {

auto-bandwidth {
max-bandwidth 20
min-bandwidth 2

adjust-up {
percent 10
bw 1

}

multipliers {
sample-multiplier 1

adjust-multiplier 288
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}

The auto-bandwidth adjustment can be triggered manually at all times by the following command (with or
without the keyword force).

# On PE-1:

tools perform router "Base" mpls adjust-autobandwidth

tools perform router "Base" mpls adjust-autobandwidth lsp "LSP-PE-1-PE-2"

tools perform router "Base" mpls adjust-autobandwidth lsp "LSP-PE-1-PE-2" force

When no specific LSP is referred to, auto-bandwidth is attempted on all LSPs. If the LSP already has the
requested bandwidth, the following output is returned.

# On PE-1:
tools perform router "Base" mpls adjust-autobandwidth lsp "LSP-PE-1-PE-2"
MINOR: CLI #2005: Error while processing command

- No Thresholds crossed for lsp LSP-PE-1-PE-2 .

By adding the keyword force, there is no check whether the thresholds are crossed. However, the
granularity is 1 Mbps. In this case, it is not possible to signal a bandwidth that is at least 1 Mbps different,
so the following error message is returned.

# On PE-1:
tools perform router "Base" mpls adjust-autobandwidth lsp "LSP-PE-1-PE-2" force
MINOR: CLI #2005: Error while processing command
- lsp LSP-PE-1-PE-2 active path is already at the requested value 10 Mbps.

If the first sample interval has not yet expired, the following error message is returned.

# On PE-1:
tools perform router "Base" mpls adjust-autobandwidth lsp "LSP-PE-1-PE-2"
MINOR: CLI #2005: Error while processing command

- No Autobandwidth Averages computed for lsp LSP-PE-1-PE-2.

If the tools command is launched after the first sample interval has expired (ABMaxAvgRt is filled in), the
bandwidth can be adjusted. The AB Adj Cause is manual.

[/]
A:admin@PE-1# show router mpls 1lsp "LSP-PE-1-PE-2" auto-bandwidth

MPLS LSP (Auto Bandwidth)

Legend :
+ - Inherited

LSP Name : LSP-PE-1-PE-2
Auto BW : Enabled AB OpState : Up
Auto BW Min : 2 Mbps Auto BW Max : 20 Mbps
AB Up Thresh : 10 percent AB Down Thresh : 5 percent
AB Up BW : 1 Mbps AB Down BW : 0 Mbps
AB Curr BW : 10 Mbps AB Samp Intv : 5 Mins
AB Adj Mul : 288 AB Samp Mul 11
AB Adj Time : 1440 Mins AB Samp Time : 5 Mins
AB Adj Cnt : 1 AB Samp Cnt 0
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AB Last Adj
ABMaxAvgRt
AB Ovfl Lmt
ABOvflThres
AB UndflLmt
ABUndflThrs
ABMaxUndf1BW
AB Adj Cause
Be Weight

L1 Weight

Nc Weight

H1 Weight
Use Last Adj BW :

1 03/19/2024 22:46:43
: 10 Mbps

: 0

: 0 percent

: 0

: 0 percent

: 0 Mbps

: manual

: 100 percent
: 100 percent
: 100 percent
: 100 percent

Disabled

AB Next Adj
AB Lst AvgRt
AB Ovfl Cnt
AB Ovfl BW
AB Undrfl Cnt
AB Undrfl BW

AB Monitor BW
Af Weight
L2 Weight
Ef Weight
H2 Weight

: 1435 Mins
: 10 Mbps

: 0

: 0 Mbps

: 0

: 0 Mbps

: False

: 100 percent
: 100 percent
: 100 percent
: 100 percent

The counters are not reset after a manually triggered auto-bandwidth adjustment. The adjust-interval is
not interrupted, the measured bandwidth and the maximum underflow bandwidth are not reset, and the

overflow and underflow count are not reset.

Launch the tools command with the keyword force and a bandwidth value. This will set the current
bandwidth to this value, even if the value is not within the allowed range between the minimum and

maximum bandwidth

# On PE-1:

tools perform router "Base" mpls adjust-autobandwidth lsp "LSP-PE-1-PE-2" force bandwidth 30

[/1

A:admin@PE-1# show router mpls 1lsp "LSP-PE-1-PE-2" auto-bandwidth

MPLS LSP (Auto Ban

dwidth)

Legend :
+ - Inherited

LSP Name : LSP-PE-1-PE-2
Auto BW : Enabled AB OpState : Up
Auto BW Min : 2 Mbps Auto BW Max : 20 Mbps
AB Up Thresh : 10 percent AB Down Thresh : 5 percent
AB Up BW : 1 Mbps AB Down BW 0 Mbps
AB Curr BW : 30 Mbps AB Samp Intv : 5 Mins
AB Adj Mul 1 288 AB Samp Mul 2 4
AB Adj Time : 1440 Mins AB Samp Time : 5 Mins
AB Adj Cnt : 0 AB Samp Cnt : 0
AB Last Adj 1 03/19/2024 22:52:49 AB Next Adj : 1440 Mins
ABMaxAvgRt : 0 Mbps AB Lst AvgRt : 0 Mbps
AB Ovfl Lmt : 0 AB Ovfl Cnt I C)
ABOvVflThres : 0 percent AB Ovfl BW : 0 Mbps
AB UndflLmt : 0 AB Undrfl Cnt 1 0
ABUndflThrs : 0 percent AB Undrfl BW : 0 Mbps
ABMaxUndf1BW : 0 Mbps
AB Adj Cause : manual AB Monitor BW : False
Be Weight : 100 percent Af Weight : 100 percent
L1 Weight : 100 percent L2 Weight : 100 percent
Nc Weight : 100 percent Ef Weight : 100 percent
H1 Weight : 100 percent H2 Weight : 100 percent
Use Last Adj BW : Disabled
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Manually triggered auto-bandwidth adjustments are also performed using MBB procedures.

Auto-Bandwidth Adjustment Based on Forwarding Class Subset

With the configuration applied so far, there is no distinction between traffic from different forwarding
classes (FCs). The average data rate is the sum of the traffic from all eight FCs. From SR OS Release
11.0.R4 onward, it is possible to provide a sampling weight for each Forwarding Class (FC) for each auto-
bandwidth LSP. The average data rate is now the weighted sum of the traffic from all FCs.

# 0On PE-1:
configure {
router "
mpls

[/1]

A:admin@PE-1# show router mpls 1lsp "LSP-PE-1-PE-2" auto-bandwidth

Base" {
{
lsp "LSP-PE-1-PE-2" {
auto-bandwidth {
fc be {
sampling-weight 50

}

fc af {
sampling-weight 80

}

MPLS LSP (Au

to Bandwidth)

Legend :
+ - Inherited

Type : Originating

LSP Name : LSP-PE-1-PE-2

Auto BW : Enabled AB OpState U

Auto BW Min : 2 Mbps Auto BW Max 20 Mbps

AB Up Thresh : 10 percent AB Down Thresh : 5 percent

AB Up BW : 1 Mbps AB Down BW : 0 Mbps

AB Curr BW : 30 Mbps AB Samp Intv : 5 Mins

AB Adj Mul : 288 AB Samp Mul 1

AB Adj Time : 1440 Mins AB Samp Time 5 Mins

AB Adj Cnt : 0 AB Samp Cnt : 0

AB Last Adj 1 03/19/2024 22:52:49 AB Next Adj : 1440 Mins

ABMaxAvgRt : 0 Mbps AB Lst AvgRt : 0 Mbps

AB Ovfl Lmt : 0 AB Ovfl Cnt 1 0

ABOvVflThres : 0 percent AB Ovfl BW : 0 Mbps

AB UndflLmt : 0 AB Undrfl Cnt 1 0

ABUNndflThrs : 0 percent AB Undrfl BW : 0 Mbps

ABMaxUndf1BW : 0 Mbps

AB Adj Cause : manual AB Monitor BW : False

Be Weight : 50 percent Af Weight : 80 percent

L1 Weight : 100 percent L2 Weight : 100 percent

Nc Weight : 100 percent Ef Weight : 100 percent

H1 Weight : 100 percent H2 Weight : 100 percent
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Use Last Adj BW : Disabled

The sampling-weight values can be changed while auto-bandwidth is enabled. The auto-bandwidth
algorithm is reset on the LSP at the end of the current collection interval. At that time, the current
bandwidth will not be adjusted and the following counters are reset to 0: sample count, adjust count,
overflow count, underflow count, max average data rate, and max average underflow data rate.

Auto-Bandwidth on LSPs with Secondary Paths

When the active path goes down or becomes degraded, the bandwidth used to signal the auto-bandwidth
MBB is the operational bandwidth of the previous active path. The parameter current-bandwidth requires a
modified definition:

current-bandwidth — The last known reserved bandwidth for the LSP (this may be for a different path
than the active one).

When the active path changes, the current bandwidth is updated to the operational bandwidth of the new
active path. While the auto-bandwidth MBB on the active path is in progress, a statistics sample might

be triggered because the intervals aren’t reset when the active path changes. It is possible that an auto-
adjustment is needed. The in-progress auto-bandwidth MBB is restarted with retry attempts to 0 and
signaled bandwidth equal to the new measured bandwidth. If after five attempts, auto-bandwidth MBB fails,
the current bandwidth and secondary oper-bw remain unchanged.

For a secondary/standby path, if the active path changes without the LSP going down, an auto-bandwidth
MBB is triggered for the new active path. The bandwidth used to signal the MBB is the operational
bandwidth of the previous active path (current bandwidth).

If the primary path is not currently active, but it has not gone down, then any MBB should use the
configured bandwidth for the primary path.

Create two new strict paths and assign them to the LSP. The primary path is the direct strict path from PE-1
to PE-2. There are two secondary paths: path-PE-1-PE-3-PE-2 and loose. The first one is standby, the
latter is not.

# On PE-1:
configure {
router "Base" {
mpls {
path "path-PE-1-PE-2" {
admin-state enable
hop 10 {
ip-address 192.0.2.2
type strict
)
}
path "path-PE-1-PE-3-PE-2" {
admin-state enable
hop 10 {
ip-address 192.0.2.3
type strict

}

hop 20 {
ip-address 192.0.2.2
type strict

}
lsp "LSP-PE-1-PE-2" {
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admin-state enable

to 192.0.2.2

path-computation-method local-cspf

fast-reroute {
frr-method facility
delete node-protect

}

primary "loose" {
admin-state disable

}

delete primary "loose"

primary "path-PE-1-PE-2" {
adaptive true
bandwidth 2

}

secondary "path-PE-1-PE-3-PE-2" {
adaptive true
bandwidth 2
standby

}

secondary "loose" {
adaptive true
bandwidth 2

}

Stop the auto-bandwidth MBB to have the current bandwidth equal to the bandwidth configured for the
primary path (2 Mbps).

# On PE-1:
configure {
router "Base" {
mpls {
lsp "LSP-PE-1-PE-2" {
delete auto-bandwidth
}

}
Configure auto-bandwidth with the following settings:

# On PE-1:
configure {
router "Base" {
mpls {
lsp "LSP-PE-1-PE-2" {
auto-bandwidth {
max-bandwidth 20
min-bandwidth 2
fc be {
sampling-weight 50
}

fc af {
sampling-weight 80
}

adjust-up {
percent 10
bw 1
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multipliers {
sample-multiplier 1
adjust-multiplier 288

}

overflow-limit {
threshold 10
number 2

underflow-limit {

threshold 10
number 3

}

Initially, the current bandwidth is the configured bandwidth of the primary path: 2 Mbps, but in case of
overflow, it is increased after two overflow samples (10 minutes).

[/1]
A:admin@PE-1# show router mpls lsp "LSP-PE-1-PE-2" auto-bandwidth

MPLS LSP (Auto Bandwidth)

Legend :
+ - Inherited

LSP Name : LSP-PE-1-PE-2

Auto BW : Enabled AB OpState : Up

Auto BW Min : 2 Mbps Auto BW Max : 20 Mbps

AB Up Thresh : 10 percent AB Down Thresh : 5 percent
AB Up BW : 1 Mbps AB Down BW : 0 Mbps

AB Curr BwW : 5 Mbps AB Samp Intv : 5 Mins

AB Adj Mul 1 288 AB Samp Mul 11

AB Adj Time : 1440 Mins AB Samp Time : 5 Mins

AB Adj Cnt 1 0 AB Samp Cnt : 0

AB Last Adj 1 03/19/2024 23:08:58 AB Next Adj : 1440 Mins
ABMaxAvgRt : 0 Mbps AB Lst AvgRt : 5 Mbps

AB Ovfl Lmt r 2 AB Ovfl Cnt : 0
ABOvflThres : 10 percent AB Ovfl BW : 0 Mbps

AB UndflLmt : 3 AB Undrfl Cnt : 0
ABUNndflThrs : 10 percent AB Undrfl BW : 0 Mbps
ABMaxUndf1BW : 0 Mbps

AB Adj Cause : overflow AB Monitor BW : False

Be Weight : 50 percent Af Weight : 80 percent
L1 Weight : 100 percent L2 Weight : 100 percent
Nc Weight : 100 percent Ef Weight : 100 percent
H1 Weight : 100 percent H2 Weight : 100 percent

Use Last Adj BW : Disabled

Disable port 1/1/c1/1 on PE-1 to initiate a failure on the primary path.

# On PE-1:
configure {
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}

port 1/1/cl/1 {
admin-state disable
}

Verify that the secondary/standby path is now active.

[/1

A:admin@PE-1# show router mpls lsp "LSP-PE-1-PE-2" activepath

MPLS LSP: LSP-PE-1-PE-2 (active paths)

Legend :

# - Manually switched path
#F - Manually forced switched path

LSP Name : LSP-PE-1-PE-2

LSP Id : 10790

Path Name : path-PE-1-PE-3-PE-2
Active Path : Standby

To 1 192.0.2.2

LSP Type : dynamic

Check the auto-bandwidth data on the LSP. The current bandwidth for the LSP is the same as it used to be
for the primary path. AB Adj Cause = activePathChange.

[/1]

A:admin@PE-1# show router mpls 1lsp "LSP-PE-1-PE-2" auto-bandwidth

MPLS LSP (Auto Ban

dwidth)

Legend :
+ - Inherited

LSP Name : LSP-PE-1-PE-2

Auto BW : Enabled

Auto BW Min : 2 Mbps

AB Up Thresh : 10 percent

AB Up BW : 1 Mbps

AB Curr BW : 5 Mbps

AB Adj Mul : 288

AB Adj Time : 1440 Mins

AB Adj Cnt 10

AB Last Adj 1 03/19/2024 23:09:25

ABMaxAvgRt : 0 Mbps

AB Ovfl Lmt 1 2

ABOvVflThres : 10 percent

AB UndflLmt : 3

ABUNndflThrs : 10 percent

ABMaxUndf1BW : 0 Mbps

AB Adj Cause : activePathChange

Be Weight : 50 percent

L1 Weight : 100 percent

Nc Weight : 100 percent

H1 Weight : 100 percent
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AB OpState
Auto BW Max
AB Down Thresh
AB Down BW
AB Samp Intv
AB Samp Mul
AB Samp Time
AB Samp Cnt
AB Next Adj
AB Lst AvgRt
AB Ovfl Cnt
AB Ovfl BW
AB Undrfl Cnt
AB Undrfl BW

AB Monitor BW
Af Weight
L2 Weight
Ef Weight
H2 Weight

© 2025 Nokia.

0
: 5
1
: 5
0

: 20 Mbps
: 5 percent

Mbps
Mins

Mins

: 1440 Mins
: 5 Mbps

: 0

: 0 Mbps

: 0

: 0 Mbps

: False

: 80 percent
: 100 percent
: 100 percent
: 100 percent
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Use Last Adj BW :

Disabled

The original situation is restored.

# On PE-1:
configure {

}

port 1/1/cl/1 {
admin-state enable
)

The primary path comes up again.

[/1]

A:admin@PE-1# show router mpls 1lsp "LSP-PE-1-PE-2" activepath

MPLS LSP: LSP-PE-1-PE-2 (active paths)

Legend :

# - Manually switched path
#F - Manually forced switched path

LSP Name : LSP-PE-1-PE-2
LSP Id : 10794

Path Name : path-PE-1-PE-2
Active Path : Primary

To 1 192.0.2.2

LSP Type : dynamic

The auto-bandwidth data again shows AB Adj Cause: activePathChange, but with a different timestamp.

[/]

A:admin@PE-1# show router mpls lsp "LSP-PE-1-PE-2" auto-bandwidth

MPLS LSP (Auto Bandwidth)

Legend :

+ - Inherited

LSP Name : LSP-PE-1-PE-2

Auto BW : Enabled

Auto BW Min : 2 Mbps

AB Up Thresh : 10 percent

AB Up BW : 1 Mbps

AB Curr BwW : 5 Mbps

AB Adj Mul 1 288

AB Adj Time : 1440 Mins

AB Adj Cnt : 0

AB Last Adj 1 03/19/2024 23:12:25

ABMaxAvgRt : 0 Mbps

AB Ovfl Lmt H

ABOvflThres : 10 percent

AB UndflLmt : 3

ABUNndflThrs : 10 percent
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AB

OpState

Auto BW Max

AB
AB
AB
AB
AB
AB
AB
AB
AB
AB
AB
AB

Down Thresh
Down BW
Samp Intv
Samp Mul
Samp Time
Samp Cnt
Next Adj
Lst AvgRt
Ovfl Cnt
ovfl BW
Undrfl Cnt
Undrfl BW
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0
: 5
1
: 5
0

: 20 Mbps
: 5 percent

Mbps
Mins

Mins

: 1440 Mins
: 5 Mbps

: 0

: 0 Mbps

: 0

: 0 Mbps
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ABMaxUndf1BW : 0 Mbps

AB Adj Cause : activePathChange AB Monitor BW : False

Be Weight : 50 percent Af Weight : 80 percent
L1 Weight : 100 percent L2 Weight : 100 percent
Nc Weight : 100 percent Ef Weight : 100 percent
H1 Weight : 100 percent H2 Weight : 100 percent

Use Last Adj BW : Disabled

Conclusion

Auto-bandwidth adjustment can be enabled on point-to-point LSPs in order to make a realistic bandwidth
reservation, based on active iLER traffic monitoring. A user has control over how the bytes count for the
different FCs by providing a sampling-weight factor. This can influence the average data rate over the
sample interval.

The bandwidth is taken into account in the control plane when LSPs are established or when they change
their bandwidth using MBB. The bandwidth in the data plane is not restricted by this setting.

Auto-bandwidth adjustment can be triggered in different ways: periodically, in case of overflow/underflow,
manually, and in case of an active path change. It is also possible to have passive monitoring where no
adjustment is done.
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Automatic Creation of RSVP-TE LSPs

This chapter provides information about automatic creation of Resource Reservation Protocol with Traffic
Engineering (RSVP-TE) Label Switched Paths (LSPs).

Topics in this chapter include:
* Applicability

*  Overview

» Configuration

« Conclusion

Applicability

This feature is applicable to SR OS with no hardware constraints because this is a control-plane feature
only.

This chapter was originally written for SR OS Release 11.0.R6, but the configuration in this edition
corresponds to MD-CLI in SR OS Release 21.2.R1.

Overview

Automatic creation of RSVP-TE LSPs enables the automated creation of point-to-point RSVP-TE LSPs
within a single Interior Gateway Protocol (IGP) Intermediate System to Intermediate System (IS-IS) level
or Open Shortest Path First (OSPF) area that can subsequently be used by services and/or IGP shortcuts.
The feature is divided into two components: creation of an RSVP-TE LSP mesh, and creation of single-hop
RSVP-TE LSPs. Although both can be used simultaneously, it is likely that one or the other is used.

When creating an RSVP-TE LSP mesh, the mesh can be full or partial, the extent of which is governed by
a prefix list containing the system addresses of all nodes that should form part of the mesh. When using
single-hop RSVP-TE LSPs, point-to-point LSPs are established to all directly connected neighbors. The
purpose of these single-hop LSPs is to allow for Equal Cost Multi-Path (ECMP) load balancing of traffic
using LDP over RSVP, which is not possible using native RSVP LSPs.

The use of automatically created RSVP-TE LSPs avoids manual configuration of RSVP-TE LSP meshes.
Even when provisioning tools—such as 5620 SAM—are used to automatically provision these LSPs, auto-
mesh still provides a benefit by avoiding increased configuration file sizes.

The use of automatically created Targeted Label Distribution Protocol (T-LDP) sessions is also described
when using the automatically created RSVP LSPs for Layer 2 services.
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Configuration

Example Topology

The example topology is shown in Figure 4: Example Topology. All routers participate in a single 1S-IS
Level 2 area that has traffic engineering enabled. Multi-Protocol Label Switching (MPLS) and RSVP are
enabled on every interface, but no LSPs are initially provisioned. All routers are Border Gateway Protocol
(BGP) speakers and form part of Autonomous System (AS) 64496. PE-5 is a Route Reflector and the
remaining routers are IBGP clients for the IPv4, VPN-IPv4, and L2-VPN address families. The objective
of this example is to demonstrate how to automatically create transport LSPs using RSVP or LDP over
RSVP, and then create services that utilize those LSPs. The exchange of BGP routes is needed for those
services.

Figure 4: Example Topology
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Automatic Creation of an RSVP-TE LSP Mesh

To start the process of automatically creating an RSVP-TE LSP mesh, the user must create a route policy
referencing a prefix-list. This prefix-list contains the system addresses of all nodes that are required to be
in the mesh, and can be entered as a series of /32 addresses, or simply as a range as follows. This range
encompasses all of the system addresses of the nodes in the example topology because the requirement
is to make a full mesh.

configure {
policy-options {
prefix-list "System-Addresses" {
prefix 192.0.2.0/24 type range {
start-length 32

© 2025 Nokia.
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end-length 32

}
}
policy-statement "Remote-PEs-policy" {
entry 10 {
from {
prefix-list ["System-Addresses"]
}
action {
action-type accept
}
}
}

i3

After the route policy is created, the user must create an LSP template containing the common parameters
which are used to establish all point-to-point LSPs within the mesh. For an RSVP-TE LSP mesh, the
Isp-template must be configured with type p2p-rsvp-mesh. Upon creation of the template, CSPF is
automatically enabled (and cannot be disabled), and the template must reference a default-path before

it can be enabled. In the example contained in the following output, the template refers to a path named
“loose-path” that has no strict or loose hops defined, meaning the system will dynamically calculate the
path while considering other specified constraints. The LSP template in this output also stipulates frr-
method facility bypass protection. The default behavior is no node-protect, so this configuration requests
link protection only. FRR one-to-one protection is not supported for automatically created RSVP-TE LSPs;
so facility bypass is the only form of protection supported.

Next, the user must associate the LSP template with the previously defined route policy, and this is
accomplished using the auto-lsp command. In this example, the LSP template “Full-Mesh-template” is
associated with the policy “Remote-PEs-policy” that in turn references a prefix-list containing all system
addresses in the example topology. Up to five policies can be associated with an LSP template at the
same time. If a policy associated with an LSP template is modified in order to add or remove prefixes, the
system immediately re-evaluates the policy and the prefix-list to determine if one or more LSPs need to be
established, or one or more LSPs need to be torn down.

configure {
router "Base" {
mpls {
admin-state enable
path "loose-path" {
admin-state enable
}

lsp-template "Full-Mesh-template" {
admin-state enable
type p2p-rsvp-mesh
default-path "loose-path"
path-computation-method local-cspf
fast-reroute {

frr-method facility

}

}

auto-1lsp "Full-Mesh-template" {
policy ["Remote-PEs-policy"]

}

When the auto-lsp command is entered, the system commences the process of establishing the point-
to-point LSPs. The prefixes defined in the prefix list are checked, and if a prefix corresponds to a router
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ID that is present in the Traffic Engineering Database (TED), the system instantiates a CSPF computed
primary path to that prefix using the parameters specified in the LSP template. With the previously defined
configuration applied on PE-6, the existence of point-to-point RSVP LSPs to every node in the example
topology can be verified as shown in the following output. The LSP name is automatically constructed

as TemplateName-DestIPv4Address-Tunnelld. The LSP name signaled in the Session Attribute object
concatenates the LSP name with the path name (for example Full-Mesh-template-192.0.2.1-61441::loose-
path).

[/]
A:admin@PE-6# show router mpls 1lsp

MPLS LSPs (Originating)

LSP Name Tun Fastfail Adm Opr
To Id Config

Full-Mesh-template-192.0.2.1-61441 61441 Yes Up Up
192.0.2.1

Full-Mesh-template-192.0.2.2-61442 61442  Yes Up Up
192.0.2.2

Full-Mesh-template-192.0.2.3-61443 61443  Yes Up Up
192.0.2.3

Full-Mesh-template-192.0.2.4-61444 61444  Yes Up Up
192.0.2.4

Full-Mesh-template-192.0.2.5-61445 61445  Yes Up Up
192.0.2.5

LSPs : 5

The following output on PE-6 shows that the auto-created LSP to PE-1 has primary path “loose-path” and
is operationally up:

[/1]
A:admin@PE-6# show router mpls lsp "Full-Mesh-template-192.0.2.1-61441" path detail | match
"LSP Name" post-lines 5

LSP Name : Full-Mesh-template-192.0.2.1-61441

From 1 192.0.2.6

To : 192.0.2.1

Admin State : Up Oper State : Up

Path Name : loose-path

Path LSP ID : 60928 Path Type : Primary

The LSP template requests FRR link protection. On PE-6, this protection can be verified by querying each
primary LSP. In the following output, the primary LSP to PE-1 (Full-Mesh-template-192.0.2.1-61441) is
signaled through PE-5 (192.0.2.5) and PE-3 (192.0.2.3), and the presence of the @ indicator after each
hop denotes that link protection is available to the primary path.

[/]
A:admin@PE-6# show router mpls lsp "Full-Mesh-template-192.0.2.1-61441" path detail | match
"Actual Hops" post-lines 4
Actual Hops :
192.168.56.2(192.

0.2.6) @ Record Label : N/A
-> 192.168.56.1(192.0.2.5) @ Record Label : 524270
-> 192.168.35.1(192.0.2.3) @ Record Label 1 524274
-> 192.168.13.1(192.0.2.1) Record Label . 524275
© 2025 Nokia.
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Finally, it can be verified that the signaled LSPs are placed in the tunnel table and made available to the
tunnel table manager so they can be used by applications and services.

[/1]
A:admin@PE-6# show router tunnel-table

IPv4 Tunnel Table (Router: Base)

Destination Owner Encap Tunnelld Pref Nexthop Metric
Color

192.0.2.1/32 [B] rsvp MPLS 61441 7 192.168.56.1 30
192.0.2.2/32 [B] rsvp MPLS 61442 7 192.168.46.1 20
192.0.2.3/32 [B] rsvp MPLS 61443 7 192.168.56.1 20
192.0.2.4/32 [B] rsvp MPLS 61444 7 192.168.46.1 10
192.0.2.5/32 [B] rsvp MPLS 61445 7 192.168.56.1 10
Flags: B = BGP or MPLS backup hop available

L = Loop-Free Alternate (LFA) hop available

E = Inactive best-external BGP route

k = RIB-API or Forwarding Policy backup hop

When the LSP template is in use and LSPs are instantiated, it is necessary to disable the template to

change any parameters that cannot be handled as a Make-Before-Break (MBB). This essentially includes
all LSP parameters with the exception of bandwidth and FRR without node-protection. Modification of any
other parameters requires disabling the LSP template and a re-signal of the LSP once the LSP template is
re-enabled. MBB is supported for timer-based and manual re-signaling of the automatically created LSPs.

Service and Application Verification

With the RSVP-TE LSP mesh in place, it is now possible to create services and applications to utilize
those LSPs. These applications and services include Layer 2 and Layer 3 VPNs, resolution of BGP labeled
routes and resolution of BGP, IGP, and static routes. However, the automatically created LSPs are not
available for explicit binding in a statically provisioned service destination point (SDP).

IGP Shortcuts

Figure 5: IGP Shortcuts with RSVP-TE Auto-Mesh demonstrates the use of IGP shortcuts. Prefix
172.16.32.0/20 is advertised to PE-1 from an external peer in AS 64510, which PE-1 subsequently
advertises into IBGP, imposing Next-Hop-Self in the process. For more details on IGP shortcuts, see the
IGP Shortcuts chapter.
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Figure 5: IGP Shortcuts with RSVP-TE Auto-Mesh

PE-3 PE-5
192.0.2.3 192.0.2.5
° L]
A
192.168.56.0/30
External Peer PE-1 -
(AS 64510) 192.021  .-° B 2
° ° . —
’ 172.16.32.0/20 PE-6
T ' Next-Hop PE-1 AS 64496 192.0.2.6
el 2
172.16.32.0/20
————————— >
192.168.46.0/30
[ ] [ ]
A
PE-2 PE-4
192.0.2.2 192.0.2.4

The objective is for PE-6 to use the automatically created LSP to PE-1 as an IGP shortcut (typically
implemented in order to maintain a "BGP-free” core). IGP shortcuts for BGP are enabled under the main
bgp context using the command next-hop-resolution shortcut-tunnel with options for rsvp, Idp, or bgp.
Because the example topology only has (automatically created) RSVP-TE LSPs, this option is selected.
Besides rsvp, Idp, and bgp, there are other options,but these are beyond the scope of this chapter.

[/1

A:admin@PE-6# configure {

router "Base" {
bgp {

next-hop-resolution {
shortcut-tunnel {
family ipv4 {

resolution-filter

bgp

1ldp
mpls-fwd-policy
rib-api

rsvp

sr-isis

sr-ospf
sr-ospf3
sr-policy

sr-te

On PE-6, the following BGP next -hop resolution configuration defines that IGP shortcuts are resolved

using RSVP:

[/]

A:admin@PE-6# configure {

3HE 20797 AAAE TQZZA

resolution-filter ?

Use BGP tunneling for next-hop resolution
Use LDP tunneling for next-hop resolution
Use MPLS forwarding policy for next-hop resolution
Use RIB API gRPC service for next-hop resolution

Use RSVP tunneling for next-hop resolution
Use IS-IS SR tunneling for next-hop resolution
Use OSPF SR tunneling for next-hop resolution

Use OSPFv3 SR tunneling for next-hop resolution
Use SR policies for next-hop resolution

Use SR-TE
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router "Base" {
bgp {
next-hop-resolution {
shortcut-tunnel {
family ipv4 {
resolution filter
resolution-filter {
rsvp true

}

}

When the shortcuts are enabled, the route-table (and FIB) can be validated to ensure that the programmed
next hop is the advertising BGP speaker (as opposed to the IGP next hop), and that traffic is tunneled to
that next hop through an RSVP LSP. In this case, the RSVP LSP is the LSP with tunnel ID 61441, which is
the LSP to PE-1.

[/1]
A:admin@PE-6# show router route-table 172.16.32.0/20

Route Table (Router: Base)

Dest Prefix[Flags] Type Proto Age Pref
Next Hop[Interface Name] Metric
172.16.32.0/20 Remote BGP 00h01mlls 170

192.0.2.1 (tunneled:RSVP:61441) 30

No. of Routes: 1

Flags: n = Number of times nexthop is repeated
B = BGP backup route available
L = LFA nexthop available
S = Sticky ECMP requested
Layer 3 VPN

Layer 3 VPNSs can utilize the automatically created LSPs by using the auto-bind-tunnel feature configured
with the rsvp option (possibly in combination with LDP). A Virtual Private Routed Network (VPRN) is
configured on PE-1 and PE-6. PE-1 is configured with a loopback address of 172.16.1.1/24 and advertises
the VPN-IPv4 prefix 172.16.1.0/24 into IBGP, while PE-6 is configured with a loopback address of
172.16.6.1/24 and advertises the VPN-IPv4 prefix 172.16.6.0/24 into IBGP. The VPRN configuration on
PE-6 is as follows. The only difference on PE-1 is the IP address assigned to the loopback interface.

[/]
A:admin@PE-6# configure {
service {
vprn "“VPRN1"
admin-state enable
service-id 1
customer "1"
bgp-ipvpn {
mpls {
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admin-state enable
route-distinguisher "64496:1"
vrf-target {

community target:64496:1
}
auto-bind-tunnel {

resolution filter

resolution-filter {

rsvp true

}

}

}

interface "loopback" {
admin-state enable
loopback true

ipv4
primary {
address 172.16.6.1
prefix-length 24
}
}

}

Before a VPN-IPv4 prefix is considered valid, the receiving SR OS PE router must be able to resolve the
BGP next hop to an LSP in the tunnel table (if not, the prefix is held in Routing Information Base RIB-IN
and flagged as invalid). On PE-6, it is possible to verify that the VPN-IPv4 prefix 172.16.1.0/24 received
from PE-1 is correctly resolved by looking at the VPRN-specific route table. In the following output, the
VPN-IPv4 prefix 172.16.1.0/24 with a next hop of PE-1 (192.0.2.1) is correctly resolved to an RSVP LSP
with a tunnel ID of 61441.

[/1]
A:admin@PE-6# show router 1 route-table 172.16.1.0/24

Route Table (Service: 1)

Dest Prefix[Flags] Type Proto Age Pref
Next Hop[Interface Name] Metric
172.16.1.0/24 Remote BGP VPN  00h01mlls 170

192.0.2.1 (tunneled:RSVP:61441) 30

No. of Routes: 1

Flags: n = Number of times nexthop is repeated
B = BGP backup route available
L = LFA nexthop available
S = Sticky ECMP requested
Layer 2 VPN

As previously described, automatically created RSVP LSPs cannot be referenced by statically provisioned
SDPs. Without the ability for SDPs to explicitly reference automatically created RSVP LSPs, there is little
value in manually defining SDPs within Layer 2 service constructs (there is little point in referring to an
SDP that cannot bind to the underlying RSVP mesh). So, in order to deliver Layer 2 services, there is a
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requirement to adopt a model within the service construct that permits automatic creation of SDP bindings,
and this is achieved using a pseudowire template dictating the characteristics of the SDP. The secondary
effect of using pseudowire templates to dynamically create SDPs is that these automatically created SDPs
can currently only use LDP or BGP as a transport tunnel, not RSVP. The solution is to enable LDP over
RSVP.

This can be implemented using static provisioning of peers as shown in the next output, or it can be done
using automatic creation of T-LDP sessions. Regardless of the method, a reciprocal configuration must
exist at both peer endpoints. The static per-peer configuration is applied in the targeted-session context
specifying the remote peer system IP address, and the keyword tunneling, which enables tunneling of
LDP FECs over RSVP LSPs with a far-end address matching that of the T-LDP peer. At a global level, the
prefer-tunnel-in-tunnel false command is shown, but is only required when a next hop router advertises
a FEC over link-level LDP and T-LDP. In this case, by default, the system would prefer the link-level LDP
tunnel, so the prefer-tunnel-in-tunnel false instructs the system to prefer an LDP over RSVP tunnel if

it is available. Although link-layer LDP is not present in the example topology, the command is included
because the presence of link-layer LDP is common.

[/]
A:admin@PE-6# configure {
router "Base" {
ldp {
prefer-tunnel-in-tunnel false
targeted-session {
peer 192.0.2.1 {
tunneling
}

}

The following output provides an example demonstrating the automatic creation of T-LDP sessions.

No explicit reference is made to specific peers, but rather a peer-template is configured containing

the parameters which apply to all T-LDP sessions spawned by this template. In this example, only the
tunneling command is required. A peer-template-map is then used to create a mapping between the
peer-template (TLDP-Mesh-template) and a policy defining the IP addresses of remote nodes to which T-
LDP sessions should be established. In this example, the policy “Remote-PEs-policy” is the same policy
previously used by the auto-created RSVP LSP mesh.

[/]
A:admin@PE-6# configure {
router "Base" {
ldp {
prefer-tunnel-in-tunnel false
targeted-session {
peer-template "TLDP-Mesh-template" {
admin-state enable
tunneling true
}
peer-template-map "TLDP-Mesh-template" {
policy-map ["Remote-PEs-policy"]
}

}
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Regardless of whether T-LDP sessions are explicitly provisioned, or dynamically created using a peer-
template, the result is that a targeted LDP session is established which can be used for advertising
address and service FECs, and which is capable of tunneling LDP over RSVP.

[/]
A:admin@PE-6# show router ldp targ-peer 192.0.2.1 detail

LDP IPv4 Targeted Peers

192.0.2.1

Admin State : Up Oper State : Up

Last Oper Chg : 0d 00:01:11

Hold Time : 45 Hello Factor : 3

Oper Hold Time : 45

Hello Reduction : Disabled Hello Reduction Fctr : 3
Keepalive Timeout : 40 Keepalive Factor H)

Active Adjacencies : 1 Last Modified : Never
Auto Created : Yes

Creator : template Template Name : TLDP-Mesh-template
Tunneling : Enabled

Lsp Name : None

Mcast-Tunneling : Disabled

Lsp Name : None

Local LSR : None 32-BitLocallsr : Disabled
Local-LSR ID adv. : Disabled

Community :

BFD Status : Disabled

No. of IPv4 Targeted Peers: 1

To create VPLS services using dynamically-created SDPs, BGP Auto-Discovery (BGP-AD) must be used
together with LDP (or BGP) pseudowire signaling, for more details see the "LDP VPLS Using BGP-Auto
Discovery" chapter in the 7450 ESS, 7750 SR, 7950 XRS, and VSR Layer 2 Services and EVPN Advanced
Configuration Guide for MD CLI.

In the following output, PE-6 uses BGP-AD and LDP signaling. The same configuration is applied on
PE-1. The vpls-id is configured in the bgp-ad context. The vpls-id is a network-wide identifier assigned
to all VPLS Switch Instances (VSls) belonging to the same VPLS, and is carried in VPLS Network
Layer Reachability Information (NLRI) as an extended community attribute. A second parameter used
for BGP-AD and carried in the VPLS NLRI is the VSI-ID, which uniquely identifies each VSI. The VSI-
ID is automatically derived from the global ASN, the VPLS service ID, and the system IP address. To
automatically create SDPs, the bgp context of the VPLS service refers to a pw-template defining the
parameters of the pseudowire. In this example, the use of the hash (entropy) label is enabled in the
pseudowire template, and a split-horizon-group, SHG, is applied.

[/]
A:admin@PE-6# configure {
service {
pw-template "PW2-template" {
pw-template-id 2
hash-label {
}
split-horizon-group {
name "SHG"
}
}
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vpls "VPLS-2" {

admin-state enable

service-id 2

customer "1"

bgp 1 {
pw-template-binding "PW2-template" {
}

}

bgp-ad {
admin-state enable
vpls-id "64496:2"

}
sap 1/1/4:2 {
}

}

The following output shows the BGP operational parameters for vpls 2:

[/1]
A:admin@PE-6# show service id 2 bgp

BGP Information

Bgp Instance 3 ik

Vsi-Import : None

Vsi-Export : None

Route Dist : None

Oper Route Dist 1 64496:2

Oper RD Type : derivedVpls

Rte-Target Import : None Rte-Target Export:
Oper RT Imp Origin : derivedVpls Oper RT Import
Oper RT Exp Origin : derivedVpls Oper RT Export
PW-Template Id 12 PW-Template SHG
Oper Group : None

Mon Oper Group : None

BFD Template : None

BFD-Enabled : no BFD-Encap
Import Rte-Tgt : None

None

1 64496:2
1 64496:2

: None

The BGP-AD operational parameters for VPLS 2 are as follows:

[/]
A:admin@PE-6# show service id 2 bgp-ad

Admin State : Up
Vpls Id 1 64496:2
Prefix : 192.0.2.6

The following shows that an SDP with ID 32767:4294967295 of type BgpAd has been automatically

created. Both the SDP and the SAP are operationally up.

[/]
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A:admin@PE-6# show service id 2 base | match "Service Access" post-lines 10
Service Access & Destination Points

Identifier Type AdmMTU OprMTU Adm Opr
sap:1/1/4:2 q-tag 1518 1518 Up Up
sdp:32767:4294967295 SB(192.0.2.1) BgpAd 0 1548 Up Up

* indicates that the corresponding row element may have been truncated.

To create Epipe services using dynamically created SDPs, two options exist. Either LDP FEC 129 signaling
can be used, which in turn dictates the presence of pseudowire routing information, or BGP-VPWS

based signaling can be used, for more details, see the "BGP Virtual Private Wire Services" chapter in the
7450 ESS, 7750 SR, 7950 XRS, and VSR Layer 2 Services and EVPN Advanced Configuration Guide

for Classic CLI. This example illustrates the use of BGP VPWS, but in either case, only single-segment
pseudowires are supported. The following output shows the configuration requirements for a basic BGP-
based Epipe service on PE-6. Once again, a pw-template is used to define the characteristics of the
pseudowire, and this template is referenced in the bgp context of the Epipe service. The bgp context

is also where the route-distinguisher and route-target values are configured, which are carried in the
VPWS NLRI and extended communities respectively. The ve-name, ve-id, and remote-ve-name are

all configured in the bgp-vpws context. The ve-id is carried in the VPWS NLRI, and when a PE router
receives a VPWS NLRI to try to establish an Epipe service, the ve-id from the NLRI is validated against the
ve-id configured in the remote-ve-name. These must match before the Epipe becomes operational.

[/1]
A:admin@PE-6# configure {
service {
pw-template "PW3-template" {
pw-template-id 3
hash-label {
}
}
epipe "Epipe-3" {
admin-state enable
service-id 3
customer "1*"
bgp 1 {
route-distinguisher "64496:3"
route-target {
export "target:64496:3"
import "target:64496:3"
)
pw-template-binding "PW3-template" {
)
}
bgp-vpws {
admin-state enable
local-ve {
name "PE-6"
id 6
)
remote-ve "PE-1" {
id 1
)
}
sap 1/1/4:3 {
}
}
)
)
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The basic service information is truncated to show only the relevant information in order to verify that the
service is operational. SDP (32766:4294967294) has been automatically created and is of type BgpVpws.
Both the SDP and the SAP are operationally up.

[/1]
A:admin@PE-6# show service id 3 base | match "Service Access" post-lines 10
Service Access & Destination Points

Identifier Type AdmMTU OprMTU Adm Opr
sap:1/1/4:3 q-tag 1518 1518 Up Up
sdp:32766:4294967294 SB(192.0.2.1) BgpVpws 0 1548 Up Up

Automatic Creation of RSVP Single-Hop LSPs

As previously discussed, the purpose of a single-hop LSP mesh is to allow for ECMP load balancing of
traffic using LDP over RSVP. ECMP load balancing could be implemented using LDP over a partial or full
mesh of RSVP-TE LSPs, but the use of single-hop LSPs additionally allows for load balancing across a
number of parallel RSVP LSPs between nodes. To illustrate ECMP load balancing over multiple parallel
RSVP LSPs, the example topology of Figure 4: Example Topology is modified to include a parallel link
between PE-6 and PE-5 as shown in Figure 6: Example Topology for Single-Hop LDP over RSVP with
ECMP. In addition, all routers are enabled for ECMP=2, as follows.

[/]
configure {
router "Base" {
ecmp 2
)

Figure 6: Example Topology for Single-Hop LDP over RSVP with ECMP
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Unlike the automatically created RSVP-TE LSP mesh previously described, the automatically created
single-hop RSVP-TE LSPs have no requirement for a prefix-list to be referenced containing the prefixes of
the remote nodes that form part of the mesh. In the case of automatically created single-hop LSPs, the TE
database keeps track of each TE link which comes up to a directly connected IGP neighbor. The system
then establishes a single-hop LSP with a destination address matching the router ID of the neighbor and
with a strict hop consisting of the address of the interface used by the TE link.

The first requirement is to create an LSP template containing the common parameters used to establish
each single-hop LSP. For a single-hop LSP mesh, the Isp-template must be configured with type p2p-one-
hop. Upon creation of the template, cspf is automatically enabled (and cannot be disabled), and the hop-
limit is set to a value of 2. The hop limit defines the number of nodes the LSP may traverse, and, because
these are single-hop LSPs to adjacent neighbors, a limit of 2 is sufficient. The template must also reference
a default-path before it can be enabled. The following example references a path named “loose-path”

that has no strict or loose hops defined. When the RSVP PATH message is actually generated to create
the one-hop LSP, it contains one strict-hop to the interface address of the neighbor; and as destination the
system address of the adjacent node.

The next requirement is to trigger the creation of single-hop LSPs, and this is achieved using the auto-
Isp command. In this example, the LSP template “Single-Hop-template” is referenced, and the command
is completed with the keyword one-hop to indicate the creation of single-hop LSPs. Unlike an RSVP-

TE mesh, there is no requirement to reference a route policy. In the example, the auto-Isp “Full-Mesh-
template” and LSP template “Full-Mesh-template” are removed on all PEs.

[/1]
A:admin@<a PE># configure {
router "Base" {
mpls {
delete auto-lsp "Full-Mesh-template"
delete lsp-template "Full-Mesh-template"

}
The following one-hop LSP template is created on all nodes:

[/1]
A:admin@<a PE># configure {
router "Base" {
mpls {
admin-state enable
path "loose-path" {
admin-state enable

}

lsp-template "Single-Hop-template" {
admin-state enable
type p2p-rsvp-one-hop
default-path "loose-path"
hop-limit 2
path-computation-method local-cspf

}

auto-1lsp "Single-Hop-template" {
one-hop true

}
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When the auto-lsp command is entered, the system starts the process of establishing the single-hop
LSPs. A check is made of the TE database for every TE link to a directly connected IGP neighbor, and a
single-hop LSP is established across each TE link. The following output is taken from PE-6 and shows the
automatically created single-hop LSPs. The LSP names are automatically constructed as TemplateName-
DestIPv4Address-Tunnelld. The LSP name signaled in the session attribute object concatenates the LSP
name with the path name (for example Single-Hop-template-192.0.2.4-61449::loose-path). Recall from
Figure 6: Example Topology for Single-Hop LDP over RSVP with ECMP that PE-6 has a single TE-enabled
link to PE-4, and two TE-enabled links to PE-5, so with ECMP=2, there is one LSP to PE-4 (192.0.2.4) and
two LSPs to PE-5 (192.0.2.5). However, if ECMP=1, only one single-hop LSP would be signaled to PE-5.

[/]
A:admin@PE-6# show router mpls 1lsp

MPLS LSPs (Originating)

LSP Name Tun Fastfail Adm Opr
To Id Config

Single-Hop-template-192.0.2.4-61448 61448 No Up Up
192.0.2.4

Single-Hop-template-192.0.2.5-61449 61449 No Up Up
192.0.2.5

Single-Hop-template-192.0.2.5-61450 61450 No Up Up
192.0.2.5

LSPs : 3

The purpose of single-hop LSPs is to enable ECMP load balancing using LDP over RSVP, so there is a
requirement to configure T-LDP sessions between RSVP LSP endpoints. This can be implemented using
static peer provisioning, or it can be done using automatic creation of T-LDP sessions, both of which have
been previously described and they are therefore not repeated. In this example, the automatic creation of
T-LDP sessions approach is used, and T-LDP sessions are created to adjacent neighbors that are capable
of tunneling inside RSVP.

[/1]
A:admin@PE-6# show router ldp session family ipv4

LDP IPv4 Sessions

Peer LDP Id Adj Type State Msg Sent Msg Recv Up Time
192.0.2.4:0 Targeted Established 42 43 0d 00:02:55
192.0.2.5:0 Targeted Established 43 45 0d 00:03:04

No. of IPv4 Sessions: 2

To validate the ECMP load balancing capability, PE-5 is configured to advertise prefix 172.16.5.0/24 to
PE-6. In turn, PE-6 is configured for ibgp-multipath to enable load balancing over IGP links to the BGP
next hop address, next-hop-resolution shortcut-tunnel resolution-filter Idp to enable tunneling of traffic
destined toward the BGP next hop in MPLS, and ecmp 2. For more information about BGP multipath, see
the "BGP Multipath" chapter in the 7450 ESS, 7750 SR, 7950 XRS, and VSR Unicast Routing Protocols
Advanced Configuration Guide for MD CLI.

[/1
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A:admin@PE-6# configure {
router "Base" {
bgp {
ibgp-multipath true
next-hop-resolution {
shortcut-tunnel {
family ipv4 {
resolution filter
resolution-filter {
ldp true
delete rsvp

}

The prefix 172.16.5.0/24 advertised by PE-5 is learned on PE-6 and installed in the RIB/FIB with PE-5's
system address (192.0.2.5) as next hop.

[/]
A:admin@PE-6# show router bgp routes 172.16.5.0/24

BGP Router ID:192.0.2.6 AS:64496 Local AS:64496
Legend -
Status codes u - used, s - suppressed, h - history, d - decayed, * - valid
1 - leaked, x - stale, > - best, b - backup, p - purge

Origin codes : i - IGP, e - EGP, ? - incomplete

BGP IPv4 Routes

Flag Network LocalPref  MED
Nexthop (Router) Path-Id IGP Cost
As-Path Label

u*>i 172.16.5.0/24 100 None
192.0.2.5 None 10
No As-Path -

Routes : 1

Checking the FIB for the next hop address 192.0.2.5, it can be verified that both links are installed as next
hop addresses, meaning that ECMP load balancing is active.

[/]
A:admin@PE-6# show router fib 1 ip-prefix-prefix-length 192.0.2.5/32

FIB Display

Prefix [Flags] Protocol
NextHop
192.0.2.5/32 ISIS

192.168.56.1 (int-PE-6-PE-5)
192.168.156.1 (int-PE-6-PE-5-2nd)
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Total Entries : 1

Conclusion

Automatic creation of RSVP-TE LSPs provides a good solution for reducing the amount of provisioning
activity required when configuring RSVP LSPs. However, there are some constraints with regard to the
way that services are deployed on top of those LSPs. SDPs cannot explicitly reference automatically-
created RSVP LSPs, which means that automatically created SDPs need to be used for Layer 2 services.
In turn, automatically-created SDPs can only use LDP or BGP as a transport tunnel (not RSVP), so, to use
the automatically created RSVP mesh, LDP over RSVP must be used. These restrictions need to be fully
understood before considering deployment of automatically created RSVP-TE LSPs.
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BFD for RSVP-TE and LDP LSPs

This chapter provides information about BFD for RSVP-TE LSPs and LDP LSPs.
Topics in this chapter include:

* Applicability

*  Overview

» Configuration

« Conclusion

Applicability

This chapter was initially written based on SR OS Release 15.0.R7, but the MD-CLI in the current edition
corresponds to SR OS Release 23.3.R3.

Overview

SR OS supports RFC 5884 and enables LSPs to be monitored between the ingress and egress LERs,
regardless of the number of LSRs that the LSP traverses. For continuity checks in MPLS LSPs, BFD
packets are transmitted using the MPLS encapsulation, so they share fate with the LSP data path. When
enabled, faults to individual LSPs can be detected quickly, so BFD for MPLS LSPs is ideal for monitoring
LSPs carrying high-value services, where detecting forwarding failures in a minimum amount of time is
critical. The LSPs can be established through RSVP-TE or LDP.

Enabling BFD for LSPs avoids manual hop-by-hop troubleshooting of each element along the LSP. BFD
sessions are created and run end-to-end, from ingress to egress, so BFD session state is maintained in
the ingress LER and egress LER, but not in intermediate LSRs. If an LSP BFD session changes state, an
SNMP trap is generated. Because LSPs are unidirectional, a routed return path is used for the BFD control
packets from the egress LER toward the ingress LER.

BFD is only used for fault detection, and will not redirect traffic to an alternate path. On detection of a
failure, BFD informs other software components, which then can redirect traffic to avoid faulty links.

BFD is bootstrapped using an LSP ping. An MPLS echo request packet is transmitted along the LSP path,
including a BFD discriminator TLV containing the head-end BFD discriminator value. The tail end responds
with an echo reply packet, using the IP forwarding path, including the tail-end BFD discriminator value.

Afterward, BFD control packets establish a BFD session between the head end and tail end using the
discriminator values from the bootstrap session. The egress LER will send a BFD control packet upon
receipt. Every 60 s, the head end transmits an LSP ping for control plane verification. The minimum value
for the LSP BFD control transmit interval is 100 ms. Figure 7: MPLS LSP BFD session establishment: BFD
handshake shows the MPLS LSP BFD session establishment with a BFD control transmit interval of 1
second.
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Figure 7: MPLS LSP BFD session establishment: BFD handshake
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An MPLS LSP is created from head-end PE-1 to tail-end PE-2 with BFD enabled. A BFD template is
created with transmit and receive interval each equal to 1000 ms in this example. This BFD template is
applied to the MPLS LSP.

When the MPLS LSP is enabled, an LSP ping is used to bootstrap BFD to LSP with a default ping interval
of 60 s. The BFD discriminators (MD = 0x10 and YD = 0xd) are negotiated using LSP ping, so the BFD
session establishment starts with a message containing both discriminators. The MPLS echo reply is sent
using IP routing instead of using another MPLS LSP.

Each session has its own pair of discriminators, so multiple discriminators are allocated by the system. The
two-way handshake to establish a BFD session between network elements takes a few seconds in this
example: 2.5 s to establish the BFD session after the BFD is bootstrapped. If the LSP BFD control transmit
interval is as low as 100 ms, the handshake takes less than a second.

BFD can be used for RSVP-TE and LDP LSPs. If BFD is applied to RSVP-TE LSPs, it only runs on the
currently active path. It cannot determine if any non-active paths (for example, a secondary path or primary
path during reversion) that the system might switch to are up and forwarding. If BFD is applied to LDP
LSPs, the session runs on the path defined by the underlying IGP.
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BFD for LSPs can be combined with a failure action. For RSVP-TE LSPs, the failure action can be down or
failover; see the BFD for RSVP-TE LSPs with Failure Action chapter for more information. For LDP LSPs,
the failure action can only be down. LSP BFD does not affect the operational state of an LSP, because the
operational state is controlled by the control plane. Therefore, the failure action down will mark the LSP as
unavailable for use by services.

Configuration

BFD for RSVP-TE LSPs
Figure 8: BFD for RSVP-TE LSPs - topology shows the example topology for BFD for RSVP-TE LSPs.

Figure 8: BFD for RSVP-TE LSPs - topology

path-5-1-2-6

PE—S%) LSP-1 —> % PE-6

i | 1 I
path-5-4-3-6
PE-4 PE-3

27613

The initial configuration includes:

» Cards, MDAs, and ports

* Router interfaces

* IS-IS as IGP on all interfaces (alternatively, OSPF can be used), with traffic engineering enabled
* MPLS and RSVP enabled on all interfaces

Base configuration

The example topology from Figure 8: BFD for RSVP-TE LSPs - topology has an LSP defined on PE-5
using two strict paths, where path-5-1-2-6 is taking the upper path and used as the primary path, and
path-5-4-3-6 is the lower path and used as the secondary, as follows:

# on PE-5:
configure {
router "Base" {
mpls {
path "path-5-1-2-6" {
admin-state enable
hop 10 {
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BFD for RSVP-TE LSPs configuration

}

hop

hop

}

ip-address 192.

type strict

20 {

ip-address 192.

type strict

30 {

ip-address 192.

type strict

path "path-5-4-3-6" {
admin-state enable

lsp

hop

}

hop 20 {
ip-address 192.
type strict

}

hop 30 {
ip-address 192.
type strict

}

||'Lsp_1|| {

10 {

ip-address 192.

type strict

admin-state enable
type p2p-rsvp
to 192.0.2.6
path-computation-method local-cspf
primary "path-5-1-2-6" {

}

secondary "path-5-4-3-6" {

}

168.

168.

168.

168.

168.

168.

15.

12.

26.

45.

34.

36.

There are four steps to configure BFD for RSVP-TE LSPs:
1. Configure a BFD template.

2. Enable LSP BFD on the tail node.
3. Apply the BFD template to the LSP or LSP path.
4. Enable BFD on the LSP or LSP path.

Step 1: Configure a BGP template

The BFD template provides the control packet timer values for the BFD session to use at the LSP head

end. The general command to define a BFD template is as follows:

configure {
bfd {

bfd-template <[32 chars max]> {
transmit-interval <[10..100000] milli-seconds>
receive-interval <[10..100000] milli-seconds>
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echo-receive <[100..100000] milli-seconds>
multiplier <[1..20]>
type {cpm-np}

}

. Note:
The minimum transmit and receive interval for MPLS LSPs equals 100 ms. Intervals smaller than
100 ms require BFD type CPM-NP and can be used for SR-TE LSPs, but not for RSVP-TE LSPs.

Network processor BFD is not supported for RSVP-TE LSPs. An error is generated if a user tries to apply a
BFD template of type cpm-np to an LSP, as follows.

# on PE-5:
configure {
bfd {
bfd-template "bfd-cpm-np-Tx100" {
type cpm-np
}

*[ex:/configure router "Base" mpls lsp "lsp-1" bfd]
A:admin@PE-5# bfd-template "bfd-cpm-np-Tx100"

*[ex:/configure router "Base" mpls lsp "lsp-1" bfd]

A:admin@PE-5# commit

MINOR: MGMT CORE #4001: configure router "Base" mpls lsp "lsp-1"

bfd bfd-template - bfd-template type is not valid for this application -
configure bfd bfd-template "bfd-cpm-np-Tx100" type

BFD templates may be used by different BFD applications (for example, LSPs or pseudowires). If the BFD
timer values are changed in a template, the BFD sessions on LSPs or spoke-SDPs to which that template
applies try to renegotiate their timers to the new values. An error will be generated when the user attempts
to commit changes to a BFD template that is already applied to an LSP where the new values are invalid
for LSP BFD.

In this example, the BFD template used is configured as follows:

# on PE-5:
configure {
bfd {
bfd-template "bfdt-1" {
multiplier 5
receive-interval 2000
transmit-interval 2000

Step 2: Enable LSP BFD on the tail node

The BFD state machine at the tail end initially uses system-wide parameters, because an LSP is
unidirectional so no configuration for the LSP exists at the tail end. The head end then attempts to adjust
the control packet timer values when it transitions to the INIT state.

LSP BFD is enabled or disabled on a node-wide basis with the bfd-sessions <maxlimit> command in the
configure router Isp-bfd context. The maxlimit parameter configures the maximum number of LSP BFD
sessions that can be established. This is required at the tail end of the LSP. The BFD state machine at the
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tail end initially uses system-wide parameters, such as the transmit and receive intervals, which are both
1000 ms by default, but the minimum value is 100 ms.

In this example, the tail node is configured as follows:

# on PE-6:
configure {
router "Base" {
lsp-bfd {
bfd-sessions 10 # must be set to non-zero value
# tail-end {
# transmit-interval 1000 # default
# receive-interval 1000 # default
# multiplier 3 # default
#1}

Because BFD resources are shared by different BFD applications, the limit defined here must provide
sufficient resources for other applications.

Steps 3 and 4: Apply the BGP template to the LSP or LSP path and enable BFD

LSP BFD is applicable to configured RSVP LSPs as well as to mesh point-to-point and one-hop point-to-
point auto-created LSPs. It is configured on an RSVP-TE LSP, or on the path of an RSVP-TE LSP, under

the bfd context at the LSP head end.
A BFD template must always be configured first. BFD is then enabled using the bfd-liveness command.
To apply and enable the BFD template at RSVP-TE LSP level, the command is as follows:

configure {
router "Base" {
mpls {
lsp <lsp-name> {
bfd {
bfd-liveness <boolean>
bfd-template <name>

# lsp-ping-interval 60 # default: 60 s
# failure-action none # default: none
# wait-for-up-timer 4 # default: 4 s

When BFD is configured at the LSP level, BFD packets follow the currently active path of the LSP.

To apply and enable the BFD template at primary path level, the command is as follows:

configure {
router "Base" {
mpls {
lsp <lsp-name> {
primary <path-name> {
bfd {
bfd-liveness true
bfd-template <name>

}

It is possible to configure LSP BFD on a secondary path, but the corresponding BFD session will only be
established when the secondary path becomes the active path after failover. It is not possible to configure
LSP BFD on point-to-multipoint LSPs.
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LSP BFD at the LSP level and the path level are mutually exclusive. That is, if LSP BFD is already
configured for the LSP, its configuration for the path is blocked. Likewise, it cannot be configured on the
LSP if it is already configured at the path level.

LSP BFD is supported on auto-created LSPs. In that case, LSP BFD is configured on mesh point-to-point
and one-hop point-to-point auto-created LSPs using the LSP template.

In this example, on the head-end node, the BFD template is applied to the LSP and BFD is enabled, as
follows:

# on PE-5:
configure {
router "Base" {
mpls {
lsp "lsp-1" {
bfd {

bfd-liveness true
bfd-template "bfdt-1"

BFD verification
The details of the MPLS LSP show that BFD is enabled and using BFD template bfdt-1, as follows:

[/1]
A:admin@PE-5# show router mpls lsp detail

MPLS LSPs (Originating) (Detail)

Legend :
+ - Inherited

Use subject to Terms available at: www.nokia.com/terms.

LSP Name : lsp-1
LSP Type : RegularLsp LSP Tunnel ID 11
LSP Index 1 TTM Tunnel Id 11
From 1 192.0.2.5
To : 192.0.2.6
Adm State : Up Oper State : Up
LSP Up Time : 0d 00:26:45 LSP Down Time : 0d 00:00:00
Transitions 1 Path Changes 01
Retry Limit : 0 Retry Timer : 30 sec
Signaling : RSVP Resv. Style : SE
Hop Limit 1 255 Negotiated MTU : 8982
Adaptive : Enabled ClassType : 0
FastReroute : Disabled Oper FR : Disabled
PathCompMethod : local-cspf ADSPEC : Disabled
FallbkPathComp : not-applicable
Metric : N/A Metric Type : igp
Load Bal Wt : N/A ClassForwarding : Disabled
Include Grps Exclude Grps :
None None
Least Fill : Disabled Soft Preemption : Enabled
BFD Template : bfdt-1 BFD Ping Intvl 1 60
BFD Enable : True BFD Failure-action : None
WaitForUpTimer : 4
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---snip---
Primary(a)

Bandwidth
Secondary

Bandwidth

: path-5-1-2-6

: 0 Mbps
: path-5-4-3-6

: 0 Mbps

Up Time

Down Time

: 0d 00:26:45

: 0d 00:26:45

Initially, the BFD session is running over path path-5-1-2-6, as follows:

[/1

A:admin@PE-5# show router bfd session

Legend:

Session Id = Interface Name | LSP Name | Prefix | RSVP Sess Name | Service Id

wp = Working path

pp = Protecting path

BFD Session

Session Id State Tx Pkts Rx Pkts
Rem Addr/Info/SdpId:VcId Multipl Tx Intvl Rx Intvl
Protocols Type LAG Port LAG ID
Loc Addr LAG name

lsp-1::path-5-1-2-6 Up 795 732
192.0.2.6 5 2000 2000
rsvpLsp central N/A N/A
192.0.2.5

No. of BFD sessions: 1

At the head end, the BFD session details are as follows:

[/]

A:admin@PE-5# show router bfd session detail lsp-rsvp head

BFD On LSP Session

Rsvp Session : lsp-1::path-5-1-2-6

Remote Address : 192.0.2.6

Lsp Id 1 52224 Tunnel Id 01

Oper State : Up Protocols : rsvplLsp

Recd Msgs : 786 Sent Msgs : 855

Up Time : 0d 00:25:00 Up Transitions 01

Last Down Time : 0d 00:00:04 Down Transitions : 0

Version Mismatch : 0

Forwarding Information

Local Discr i1 Local State : Up

Local Diag : 0 (None)

Local Mode : Async

Local Min Tx 1 2000 Local Mult : 5

Last Sent : 07/10/2023 09:04:18 Local Min Rx 1 2000

Type : central

Remote Discr H Remote State : Up

Remote Diag : 0 (None) Remote Mode : Async

Remote Min Tx : 1000 Remote Mult : 3
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Remote C-flag

1

Last Recv : 07/10/2023 09:04:18 Remote Min Rx : 1000
At the tail end, the BFD session details are as follows:

[/1]

A:admin@PE-6# show router bfd session detail lsp-rsvp tail

BFD On LSP Session

Rsvp Session : lsp-1::path-5-1-2-6

Remote Address : 192.0.2.5

Lsp Id 1 52224 Tunnel Id 1

Oper State : Up Protocols : rsvplLsp

Up Time : 0d 00:29:55 Up Transitions : 1

Last Down Time : 0d 00:00:04 Down Transitions : 0
Version Mismatch : 0

Forwarding Information

Local Discr 1 Local State : Up

Local Diag : 0 (None)

Local Mode : Async

Local Min Tx : 1000 Local Mult H}

Last Sent (ms) : 1 Local Min Rx : 1000

Type 1 cpm-np

Remote Discr 1 Remote State : Up

Remote Diag : 0 (None) Remote Mode : Async

Remote Min Tx : 2000 Remote Mult : 5

Remote C-flag : O

Last Recv (ms) : 1 Remote Min Rx 1 2000

A failure is emulated by bringing down the link between PE-1 and PE-2. BFD detects the failure in the
upper path quickly, which results in the BFD session being re-established on path-5-4-3-6, as follows:

[/1]

A:admin@PE-5# show router bfd session

Legend:

Session Id = Interface Name | LSP Name | Prefix | RSVP Sess Name | Service Id

wp = Working path

pp = Protecting path

BFD Session

Session Id State Tx Pkts Rx Pkts
Rem Addr/Info/SdpId:VcId Multipl Tx Intvl Rx Intvl
Protocols Type LAG Port LAG ID
Loc Addr LAG name

lsp-1::path-5-4-3-6 Up 6 8
192.0.2.6 5 2000 2000
rsvplLsp central N/A N/A
192.0.2.5

No. of BFD sessions: 1
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Bringing up the link between PE-1 and PE-2 will result in the primary path becoming active again.
The ping bootstrap and periodic verification information for BFD on LSPs can be displayed at the head
end, as follows:

[/]
A:admin@PE-5# show test-oam lsp-bfd lsp-name "lsp-1"

0AM Operational State : Bootstrapped - Sending Periodic Verification
FEC Type : RSVP

LSP Name : lsp-1

LSP Path Status : active

Source Address : 192.0.2.5

Replying Node : 192.0.2.6

Latest Return Code : EgressRtr (3)

Latest Return Subcode i1

Local BFD Discriminator : 2 Remote BFD Discriminator : 2
LSP Ping Tx Interval (s) : 60 Bootstrap Retry Count : 0
Tx LSP Ping Requests i1 Rx LSP Ping Replies 01

BFD sessions changing state are trapped, so these are logged in log 99, as follows:

120 2023/07/10 09:10:21.071 UTC MINOR: BFD #2002 Base 192.0.2.6
"The lspHead BFD session with Local Discriminator 2 on 192.0.2.6 is up (Tunnel Id 1, Path LSP
ID 52226)"

121 2023/07/10 09:11:23.500 UTC WARNING: MPLS #2011 Base VR 1:
"LSP path lsp-1::path-5-1-2-6 is operationally enabled ('no shutdown')"

122 2023/07/10 09:11:24.494 UTC MINOR: BFD #2004 Base 192.0.2.6
"The protocol (RSVP LSP) using BFD session on node 192.0.2.6 has been added"

123 2023/07/10 09:11:25.494 UTC MINOR: MPLS #2027 Base VR 1:
"LSP 1sp-1 active path lsp-1::path-5-4-3-6 has changed to active path lsp-1::path-5-1-2-6"

124 2023/07/10 09:11:25.494 UTC MINOR: BFD #2004 Base 192.0.2.6
"The protocol (RSVP LSP) using BFD session on node 192.0.2.6 has been cleared"

125 2023/07/10 09:11:25.494 UTC MINOR: BFD #2003 Base 192.0.2.6
"The lspHead BFD Session with Local Discriminator 2 on 192.0.2.6 has been deleted"

126 2023/07/10 09:11:25.495 UTC MAJOR: SVCMGR #2316 Base
"Processing of a SDP state change event is finished and the status of all affected SDP Bindings
on SDP 56 has been updated."

127 2023/07/10 09:11:28.494 UTC WARNING: MPLS #2012 Base VR 1:
"LSP path lsp-1l::path-5-4-3-6 is operationally disabled ('shutdown') because nonActive
Secondary"

128 2023/07/10 09:11:29.231 UTC MINOR: BFD #2002 Base 192.0.2.6
"The lspHead BFD session with Local Discriminator 3 on 192.0.2.6 is up (Tunnel Id 1, Path LSP
ID 52228)"
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The tools command for displaying LSP details at the head end also includes BFD related information, if
applicable, as follows:

[/]
A:admin@PE-5# tools dump router mpls lspinfo "lsp-1" detail
LSP "lsp-1" LspIdx 1 LspType Dynamic State LSPS UP Flags 0x2000
AdminState Up OperState Up RowStatus Active
From N/A To 192.0.2.6
NumPaths 2 NumSdps 1 NumCBFSdps © NumFltrEntries 0
ActivePath lsp-1::path-5-1-2-6(LspId 52228)
HoldTimeRemaining @secs ClassType @ SoftPreemption TRUE Metric @ OperMetric 30
LDPoRsvp Include VprnAutoBind Include IgpShortCut Include BgpShortCut Include
BgpTransTunnel Include IpShCutTtlPropLocal TRUE IpShCutTtlPropTans TRUE
RelativeMetricOffset 2147483647 MTU 8982 InUseBylLdp FALSE TTMPref 7
EntropyLabel inherit OperEntropylLabel enable NegEntropylLabel disable
ClassForwarding: Disabled
BFD Enabled Template bfdt-1 PingInterval 60 FailureAction None WaitForUp 4sec
PCE Report: Disabled PCE Control: Disabled
Path Profile:
None
Admin Tags:
None
Lsp-self-ping: Config: inherit, Oper: Disabled, TimedOutCnt: © OamNoRsc: 0
Path "path-5-1-2-6" LspId 52228 LspPathIndex 2 PathType Primary ActivePath Yes
RowStatus Active LastChange 000 00:51:09.090
AdminState Up OperState Up OperStateChange 000 00:14:35.230
TE Computed Hop List:
Hop[1l] IngIp 192.0.2.5 InglLnkId 0 EgrIp 192.168.15.2 EgrLnkId 0 RtrId 192.0.2.5 Flag 0x0
Hop[2] IngIp 192.168.15.1 IngLnkId 0@ EgrIp 192.168.12.1 EgrLnkId 0 RtrId 192.0.2.1 Flag
0x0
Hop[3] IngIp 192.168.12.2 IngLnkId 0@ EgrIp 192.168.26.1 EgrLnkId 0 RtrId 192.0.2.2 Flag
0x0
Hop[4] IngIp 192.168.26.2 IngLnkId 0@ EgrIp 192.0.2.6 EgrLnkId 0 RtrId 192.0.2.6 Flag 0Ox0
LspPath FsmState LSP PATH S UP Flags 0x0 miscFlags 0x2
RetryAttempts 0 RetryInterval 30 NextRetryIn Osecs
FailNode 0.0.0.0 FailCode noError
Class Type 0 SetupPri 7 HoldPri O Pref 0 HopLimit 255 BW OMbps
TotIgpCost 30 OperMetric 30 MTU 8982
BFD Disabled Template n/a PingInterval 60 WaitForUp 4sec
Degraded No
Oper Values:
Class Type 0 SetupPri 7 HoldPri 0 HopLimit 255 BW OMbps
RecordRoute RecordLabel No Adspec
No PropagateAdminGroup Exclude 0x00000000 Include 0x00000000
No FRR
Metric 30 CSPF No Least Fill Intra-area
NegotiatedEntropyLabel Disabled
PCE-Computed No PCE-Reported No PCE-Controlled No
BFD State Up InitTime 0d 00:14:34 UpTime Od 00:14:30
0ldMBBPathsCleanedUp Yes
Path "path-5-4-3-6" LspId 52226 LspPathIndex 3 PathType Secondary ActivePath No
RowStatus Active LastChange 000 00:51:09.090
AdminState Up OperState Down OperStateChange 000 00:14:30.230
LspPath FsmState LSP PATH S DOWN Flags 0x40000 miscFlags 0x2
RetryAttempts 0 RetryInterval 30 NextRetryIn Osecs
FailNode 192.0.2.5 FailCode nonActiveSecondary
Class Type 0 SetupPri 7 HoldPri O Pref 255 HopLimit 255 BW OMbps
TotIgpCost O OperMetric 16777215 MTU 0
SRLG Disabled SRLGDisjoint No
BFD Disabled Template n/a PingInterval 60 WaitForUp 4sec
Degraded No
0ldMBBPathsCleanedUp Yes
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Total Ingress LSP Cou

nt 1

The current BFD session information for RSVP LSPs can be displayed using the following tools command

at the head end:

[/1]
A:admin@PE-5# tools d

ump router bfd lsp-rsvp head

FEC: (PTR 0x10eb60f50
RSVP : vrId: 1 (To:

Session: lsp-1l::pat
PingIntvl: 60 Flags
TemplName: bfdt-1
NextHop: 192.168.15
PGId: 0 [State: N
Label:- [0]52428
BFD Handle: 3
BFD UserId: 24
DstAddr: 127.0

)
192.0.2.6 - 1 - 192.0.2.5), Sender (192.0.2.5 - 52228)

h-5-1-2-6 refCnt = 1
: Ox6 ProtNhidx: 13 NumNextHop: 1
LspName: 1lsp-1 TunnelId: 1 NumLspUser: ©
.1 IfIndex: 1 Flags: Ox0 isBackup: N
/Al NhIdx: 13
6

State: UP LastEvent: UP

TmrActive: N [0] NumRetry: 0O
NOME LocalDiscr: 3 RemoteDiscr: 0

Total FEC Count in He

ad: 1

Other tools commands can display BFD LSP information at the tail end, as follows:

[/1]
A:admin@PE-6# tools d

ump test-oam lsp-bfd tail

Vrid
RemoteBfdDisc
LocalBfdDisc
FecType

LspId
Tunnelld
SenderIp
TunnEndIp
ExtTunnId
Bootstrap Echo Rx :

Last Echo Req Rx

wwE

rsvp_ipv4(3)

: 52228

1

: 192.0.2.5
: 192.0.2.6
: 192.0.2.5

rcvd 2023/07/10 09:11:24.00 UTC
handle 3 segNum 2 rc 3 rsc 1
rcvd 2023/07/10 09:28:30.00 UTC
handle 3 segNum 19 rc 3 rsc 1

BFD for LDP LSPs

Figure 9: BFD for LDP LSPs - topology shows the example topology for BFD for LDP LSPs.
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Figure 9: BFD for LDP L SPs - topology

27614

The initial configuration includes:

» Cards, MDAs, and ports

* Router interfaces

* IS-IS as IGP on all interfaces (alternatively, OSPF can be used)

Base configuration

The example topology from Figure 9: BFD for LDP LSPs - topology has LDP configured on all interfaces.
LDP automatically generates and distributes labels across the network, so for the topology in Figure 9:
BFD for LDP LSPs - topology , LDP tunnels are created so that every node can reach any other node;
only the tunnels originating in PE-1 are shown. The LDP configuration for PE-1 is as follows; the LDP
configuration for PE-2, PE-3, and PE-4 is similar.

# on PE-1:
configure {
router "Base" {
ldp {
interface-parameters {
interface "int-PE-1-PE-2" {

ipvd {
}
}
interface "int-PE-1-PE-4" {
ipvd {
}
}

BFD for LDP LSPs configuration

There are six steps to configure BFD for LDP LSPs:
1. Create a BFD template.

2. Enable LSP BFD on the tail node.
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3. Create a prefix list.

4. Configure LSP BFD for LDP.

5. Apply the BFD template to the LDP LSP.
6. Enable BFD on the LDP LSP.

Step 1: Create a BFD template

The command to define a BFD template is the same as for RSVP-TE LSPs. The BFD template used for
the LDP LSPs is configured as follows:

# on PE-1:
configure
bfd {
bfd-template "bfdt-2" {
receive-interval 1000
transmit-interval 1000

Step 2: Enable LSP BFD on the tail node

The command to enable or disable LSP BFD on a node-wide basis at the tail end of the tunnels is the
same as for RSVP-TE LSPs. In this example, the tail nodes PE-2 and PE-3 are configured as follows:

# on PE-2 and PE-3:
configure {
router "Base" {

lsp-bfd {
bfd-sessions 5 # must be set to non-zero value
# tail-end {
# transmit-interval 1000 # default
# receive-interval 1000 # default
# multiplier 3 # default
#}

Step 3: Create a prefix list

When high-value services are relying on the LDP tunnels between PE-1, PE-2, and PE-3, a prefix list with
the system IP addresses (or other routable loopback addresses) of PE-2 and PE-3 can be used in PE-1 for
monitoring these tunnels. In this example, the pfx-Ist-1 prefix list is defined as follows:

# on PE-1
configure {
policy-options {
prefix-list "pfx-lst-1" {
prefix 192.0.2.2/32 type exact {

b
prefix 192.0.2.3/32 type exact {
b
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Steps 4, 5, and 6: Configure LSP BFD for LDP, apply BFD template, enable BFD

LSP BFD is configured for LDP using the following commands:

configure {
router "Base" {
ldp {
lsp-bfd <prefix-list-name> {
priority <priority-level> # default: 1
bfd-template <bfd-template-name>
source-address <ip-address>
bfd-liveness <boolean>
lsp-ping-interval <seconds> # default: 60
failure-action <down> # default: none

}

The priority level is set to one, by default, and is used in case a prefix appears in multiple prefix lists; see
the 7450 ESS, 7750 SR, 7950 XRS, and VSR MPLS Guide for more information. The source address can
be any local address routable by the other nodes in the network; by default, the system IP address is used.
The LSP ping interval defines how frequently ping messages must be sent on the LSP. The only possible
failure action for LDP LSPs is down, which makes the LSP unavailable for user traffic. By default, no failure

action is configured.

In this example, the BFD template is applied to the head-end node in the Isp-bfd context, as follows. The
Isp-bfd command takes the prefix list name defined in step 3 as its argument. BFD template must always

be applied first. BFD is then enabled using the bfd-liveness command.

# on PE-1:
configure {
router "Base" {
ldp {
lsp-bfd "pfx-lst-1" {

bfd-template "bfdt-2"
source-address 192.0.2.1
bfd-liveness true

BFD verification
The prefix lists applied to LDP BFD are the following:

[/]
A:admin@PE-1# show router ldp lsp-bfd

BFD on LDP LSP Configuration Summary

Prio Prefix List Name Enabled Prefixes

No. of prefix lists: 1
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The LDP BFD information for prefix list pfx-Ist-1 is as follows:

[/]
A:admin@PE-1# show router ldp lsp-bfd "pfx-lst-1"

BFD on LDP LSP Configuration Detail

Prefix List : pfx-lst-1

Prefix Count : 2

BFD Template : bfdt-2

Source Address : 192.0.2.1

BFD Enable : Yes Failure Action ! none
LSP Ping Interval : 60 seconds Priority i1

The prefixes of prefix list pfx-Ist-1 to which the system tries to establish BFD sessions are the following:

[/1]
A:admin@PE-1# show router ldp lsp-bfd "pfx-lst-1" prefixes

BFD on LDP LSP Prefix List "pfx-1lst-1" (Enabled)

Prefix Operational State
192.0.2.2/32 Up
192.0.2.3/32 Up

No. of prefixes: 2

The LDP BFD session data created and maintained at the head end PE-1 is as follows:

[/1]
A:admin@PE-1# show router bfd session lsp-ldp head

Legend:
Session Id = Interface Name | LSP Name | Prefix | RSVP Sess Name | Service Id
wp = Working path pp = Protecting path

BFD Session

Session Id State Tx Pkts Rx Pkts
Rem Addr/Info/SdpId:VcId Multipl Tx Intvl Rx Intvl
Protocols Type LAG Port LAG ID
Loc Addr LAG name

192.0.2.2/32 Up 469 427
N/A 3 1000 1000
ldpLsp central N/A N/A
192.0.2.1

192.0.2.3/32 Up 471 426
N/A 3 1000 1000
ldpLsp central N/A N/A
192.0.2.1

No. of BFD sessions: 2
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The following command shows the LDP BFD session information at the tail end PE-3:

[/1]

A:admin@PE-3# show router bfd session 1lsp-ldp tail

Legend:

Session Id = Interface Name | LSP Name | Prefix | RSVP Sess Name | Service Id

wp = Working path

pp = Protecting path

BFD Session

Session Id

Rem Addr/Info/SdpId:VcId

Protocols
Loc Addr

192.0.2.3/32
192.0.2.1
ldpLsp
192.0.2.3

No. of BFD sessions: 1

State Tx Pkts Rx Pkts
Multipl Tx Intvl Rx Intvl
Type LAG Port LAG ID

Up N/A N/A

3 1000 1000
cpm-np N/A N/A

The ping bootstrap and periodic verification information for BFD on LSPs can be displayed at the head

end, as follows:

[/]

A:admin@PE-1# show test-oam lsp-bfd

: Bootstrapped - Sending Periodic Verification
: LDP

1 192.0.2.2/32

1 192.0.2.1

1 192.0.2.2

: EgressRtr (3)

1

1 Remote BFD Discriminator : 1

1 60 Bootstrap Retry Count : 0

: 10 Rx LSP Ping Replies : 10

: Bootstrapped - Sending Periodic Verification
: LDP

1 192.0.2.3/32

1 192.0.2.1

1 192.0.2.3

: EgressRtr (3)

1

H Remote BFD Discriminator : 1

1 60 Bootstrap Retry Count : 0

: 10 Rx LSP Ping Replies : 10

0AM Operational State
FEC Type

Prefix

Source Address

Replying Node

Latest Return Code
Latest Return Subcode
Local BFD Discriminator
LSP Ping Tx Interval (s)
Tx LSP Ping Requests

0AM Operational State
FEC Type

Prefix

Source Address

Replying Node

Latest Return Code
Latest Return Subcode
Local BFD Discriminator
LSP Ping Tx Interval (s)
Tx LSP Ping Requests

No. of matching BFD on LSP sessions: 2
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BFD sessions changing state are trapped, so these are logged to log 99. When the link between PE-1 and
PE-2 is restored, the following messages are logged in log 99:

93 2023/07/10 14:13:21.913 UTC WARNING: ISIS #2045 Base VR: 1 ISIS (0) Adjacency state
"Adjacency status changed to initializing for interface: int-PE-1-PE-2, for level: 1112, LSP-
id: 1920.0000.2002.00-00 "

94 2023/07/10 14:13:21.915 UTC WARNING: ISIS #2045 Base VR: 1 ISIS (0) Adjacency state
"Adjacency status changed to up for interface: int-PE-1-PE-2, for level: 1112, LSP-id:
1920.0000.2002.00-00 "

95 2023/07/10 14:13:22.583 UTC WARNING: RSVP #2003 Base VR 1:
"Neighbor 192.168.12.2 on interface int-PE-1-PE-2 changed to active state"

96 2023/07/10 14:13:22.942 UTC MINOR: BFD #2004 Base 192.0.2.2
"The protocol (LDP LSP) using BFD session on node 192.0.2.2 has been cleared"

97 2023/07/10 14:13:22.942 UTC MINOR: BFD #2004 Base 192.0.2.3
"The protocol (LDP LSP) using BFD session on node 192.0.2.3 has been cleared"

98 2023/07/10 14:13:22.943 UTC MINOR: BFD #2003 Base 192.0.2.2
"The lspHead BFD Session with Local Discriminator 1 on 192.0.2.2 has been deleted"

99 2023/07/10 14:13:22.943 UTC MINOR: BFD #2003 Base 192.0.2.3
"The lspHead BFD Session with Local Discriminator 2 on 192.0.2.3 has been deleted"

100 2023/07/10 14:13:23.382 UTC MINOR: BFD #2004 Base 192.0.2.2
"The protocol (LDP LSP) using BFD session on node 192.0.2.2 has been added"

101 2023/07/10 14:13:23.414 UTC MINOR: BFD #2004 Base 192.0.2.3
"The protocol (LDP LSP) using BFD session on node 192.0.2.3 has been added"

102 2023/07/10 14:13:26.874 UTC MINOR: BFD #2002 Base 192.0.2.3
"The lspHead BFD session with Local Discriminator 4 on 192.0.2.3 is up"

103 2023/07/10 14:13:33.155 UTC MINOR: BFD #2002 Base 192.0.2.2
"The lspHead BFD session with Local Discriminator 3 on 192.0.2.2 is up"

The current BFD session information for LDP LSPs can be displayed using a tools command, as follows:

[/1]
A:admin@PE-1# tools dump router bfd lsp-ldp prefix 192.0.2.3/32

FEC: (PTR 0x10eb60ff0)

LDP: vrId: 1 (To: 192.0.2.3/32), Sender (192.0.2.1)
PingIntvl: 60 Flags: 0x6 ProtNhidx: 16 NumNextHop: 1
TemplName: bfdt-2  LspName: TunnellId: 65538 NumLspUser: 0
NextHop: 192.168.12.2 IfIndex: 1 Flags: 0x0 isBackup: N

PGId: 9 [State: UP] NhIdx: 16

Label:- [0]524283
BFD Handle: 4 State: UP LastEvent: UP
BFD UserId: 25  TmrActive: N [0] NumRetry: O
DstAddr: 127.0.0.4 LocalDiscr: 4 RemoteDiscr: 0

Total FEC Count in Head: 1
Total FEC Count in Tail: 0
The BFD templates used by LDP can also be listed using a tools command, as follows:

[/]
A:admin@PE-1# tools dump router ldp lsp-bfd bfd-templates-in-use
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BFD on LDP LSP BFD Template Summary

Prefix List Name BFD Template Name

No. of prefix lists: 1

Conclusion

BFD is supported for RSVP-TE and LDP LSPs and is ideal for monitoring LSPs carrying high-value
services, where detecting failures in a minimum amount of time is critical.

© 2025 Nokia.

3HE 20797 AAAE TQZZA 87

Use subject to Terms available at: www.nokia.com/terms.



MPLS Advanced Configuration Guide for MD CLI

Releases up to 25.7.R2 BFD for RSVP-TE LSPs with Failure Action

BFD for RSVP-TE LSPs with Failure Action

This chapter describes BFD for RSVP-TE LSPs with failure action.
Topics in this chapter include:

* Applicability

*  Overview

» Configuration

« Conclusion

Applicability

This chapter was initially written based on SR OS Release 15.0.R7, but the MD-CLI in the current edition
corresponds to SR OS Release 23.7.R1.

The chapter BFD for RSVP-TE and LDP LSPs is prerequisite reading.

Overview

Using the failure-action command, the operator can configure the action taken by the system if a BFD
session fails for an RSVP LSP or LDP prefix list.

When failure-action failover is configured, and the LSP BFD session goes down on the currently active
path, the LSP switches from the primary path to a secondary path, or from the currently active secondary
path to the next best preference secondary path if the currently active path was a secondary.

When failure-action down is configured, the LSP is registered as unusable in the tunnel table manager
(TTM) when BFD on the LSP goes down. A tunnel being registered as unusable in TTM is not available to
the routing table manager (RTM) and all routes using that tunnel are withdrawn. SDP auto-bind will not use
an LSP until it is registered as usable. Traffic cannot pass through that LSP, even when secondary paths
are available for that LSP.

In either case, SNMP traps are raised when the BFD state machine for the LSP transitions.

Nokia recommends configuring the BFD control packet timer intervals long enough to deal with transient
data path disruptions that may occur when the underlying transport network recovers following a failure.

LSP BFD only runs on the currently active path. It cannot determine if any non-active paths (for example, a
secondary path or primary path during reversion) that the system might switch to are up and forwarding.

When BFD failure action is configured on an RSVP-TE LSP directly, the action can be failover or down.
When BFD failure action is configured on an RSVP-TE LSP indirectly, through an LSP template, the only
action available is down. This chapter only covers the direct configuration of a failure action.
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Configuration

The following scenarios are described in this section:
+ Failure action failover

* Failure action down

Failure action failover

Figure 10: Topology for failure action failover shows the topology used for failure action failover. A BGP
shortcut is defined in AS 65545 running between the autonomous system border routers (ASBRs) PE-5
and PE-2. That shortcut is RSVP-TE LSP /sp-1 composed of two paths, where the first path is the upper
path from PE-5 via PE-1 to PE-2, and the second path is the lower path from PE-5 via PE-4 and PE-3 to
PE-2.

Figure 10: Topology for failure action failover
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The initial configuration includes:

» Cards, MDAs, and ports

* Router interfaces

+ IS-IS as IGP on all interfaces (alternatively, OSPF can be used), with traffic engineering enabled
* MPLS and RSVP enabled on all interfaces

» BGP configured, with RR-7 being the route reflector in AS 65545 for clients PE-2 and PE-5, and PE-6
located in AS 65546 and connected to PE-2. PE-6 advertises its prefix 192.0.2.6/32 to AS 65545.

The Isp-1 LSP is defined with primary path path-5-1-2 and secondary path path-5-4-3-2. The two paths are
established when the LSP is brought up, to minimize traffic loss in case of a failure. BFD template bfdt-1
with a failure action failover is applied to Isp-71 at the LSP level.

# on ASBR PE-5:
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configure {

router "Base" {

mpls {

path "path-5-1-2" {

}

admin-state enable

hop 10 {
ip-address 192
type strict

}

hop 20 {
ip-address 192
type strict

}

path "path-5-4-3-2" {

lsp

}

The details of the LSP show the configured failure action, as follows:

[/1

admin-state enable

hop 10 {
ip-address 192
type strict

hop 20 {
ip-address 192
type strict

}

hop 30 {
ip-address 192
type strict

}

"lsp-1" {
admin-state enable
type p2p-rsvp

to 192.0.2.2

.168.15.1

.168.12.2

.168.45.1

.168.34.1

.168.23.1

path-computation-method local-cspf

bfd {

bfd-liveness true
bfd-template "bfdt-1"

failure-action failover

}

primary "path-5-1-2" {
}

secondary "path-5-4-3-2" {

standby true
}

A:admin@PE-5# show router mpls lsp "lsp-1" detail

MPLS LSPs (Originating) (Detail)

Legend :

+ - Inherited

Type : Originating
LSP Name : lsp-1
LSP Type : RegularLsp
LSP Index 1
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LSP Tunnel ID
TTM Tunnel Id

© 2025 Nokia.

90

Use subject to Terms available at: www.nokia.com/terms.



MPLS Advanced Configuration Guide for MD CLI
Releases up to 25.7.R2

BFD for RSVP-TE LSPs with Failure Action

From 1 192.0.2.5
To : 192.0.2.2
Adm State : Up Oper State : Up
LSP Up Time : 0d 00:13:02 LSP Down Time : 0d 00:00:00
Transitions 1 Path Changes 01
Retry Limit : 0 Retry Timer : 30 sec
Signaling : RSVP Resv. Style : SE
---snip---
BFD Template : bfdt-1 BFD Ping Intvl : 60
BFD Enable : True BFD Failure-action : Failover
WaitForUpTimer : 4
---snip---
Primary(a) : path-5-1-2

Up Time : 0d 00:13:02
Bandwidth : 0 Mbps
Standby : path-5-4-3-2

Up Time : 0d 00:13:02
Bandwidth : 0 Mbps

With this configuration, the BFD session is running over the upper path, as follows:

[/1]
A:admin@PE-5# show router bfd session

Legend:
Session Id = Interface Name | LSP Name | Prefix | RSVP Sess Name | Service Id
wp = Working path pp = Protecting path

BFD Session

Session Id State Tx Pkts Rx Pkts
Rem Addr/Info/SdpId:VcId Multipl Tx Intvl Rx Intvl
Protocols Type LAG Port LAG ID
Loc Addr LAG name

lsp-1::path-5-1-2 Up 461 421
192.0.2.2 5 2000 2000
rsvplLsp central N/A N/A
192.0.2.5

No. of BFD sessions: 1

BGP route 192.0.2.6/32 is advertised by PE-6 out of AS 65546, as follows. This route has next hop
192.0.2.2, which is the system address of PE-2.

[/]
A:admin@PE-5# show router bgp routes

BGP Router ID:192.0.2.5 AS:65545 Local AS:65545

Legend -
Status codes : u - used, s - suppressed, h - history, d - decayed, * - valid
1 - leaked, x - stale, > - best, b - backup, p - purge

Origin codes : i - IGP, e - EGP, ? - incomplete

BGP IPv4 Routes
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Flag Network LocalPref  MED
Nexthop (Router) Path-Id IGP Cost
As-Path Label

u*>i 192.0.2.6/32 100 None
192.0.2.2 1 20
65546 -

Routes 1

To keep the core of AS 65545 BGP free, traffic is tunneled through the Isp-1 LSP, as follows:

[/1]
A:admin@PE-5# show router route-table 192.0.2.6/32

Route Table (Router: Base)

Dest Prefix[Flags] Type Proto Age Pref
Next Hop[Interface Name] Metric
192.0.2.6/32 Remote BGP 00h04m31s 170

192.0.2.2 (tunneled:RSVP:1) 20

No. of Routes: 1

Number of times nexthop is repeated
BGP backup route available

LFA nexthop available

Sticky ECMP requested

nrrws

The LSP and path details can also be shown using a tools dump command, as follows. LSP Isp-1 is up,
path-5-1-2 is the active path taking three hops, so the operational metric is 20, and path-5-4-3-2 is the
standby path, but not active.

[/]
A:admin@PE-5# tools dump router mpls lspinfo "lsp-1" detail
LSP "lsp-1" LspIdx 1 LspType Dynamic State LSPS_UP Flags 0x2000
AdminState Up OperState Up RowStatus Active
From N/A To 192.0.2.2
NumPaths 2 NumSdps @ NumCBFSdps © NumFltrEntries 0
ActivePath 1lsp-1::path-5-1-2(LspId 56320)
HoldTimeRemaining @secs ClassType @ SoftPreemption TRUE Metric @ OperMetric 20
LDPoRsvp Include VprnAutoBind Include IgpShortCut Include BgpShortCut Include
BgpTransTunnel Include IpShCutTtlPropLocal TRUE IpShCutTtlPropTans TRUE
RelativeMetricOffset 2147483647 MTU 8982 InUseBylLdp FALSE TTMPref 7
EntropyLabel inherit OperEntropylLabel enable NegEntropylLabel disable
ClassForwarding: Disabled
BFD Enabled Template bfdt-1 PingInterval 60 FailureAction failover WaitForUp 4sec
PCE Report: Disabled PCE Control: Disabled
Path Profile:
None
Admin Tags:
None
Lsp-self-ping: Config: inherit, Oper: Disabled, TimedOQutCnt: © OamNoRsc: 0
Path "path-5-1-2" LspId 56320 LspPathIndex 1 PathType Primary ActivePath Yes
RowStatus Active LastChange 000 00:14:05.560
AdminState Up OperState Up OperStateChange 000 00:14:05.550
TE Computed Hop List:
Hop[1l] IngIp 192.0.2.5 InglLnkId O EgrIp 192.168.15.2 EgrLnkId 0 RtrId 192.0.2.5 Flag 0x0
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Hop[2] IngIp 192.168.15.1 IngLnkId @ EgrIp 192.168.12.1 EgrLnkId @ RtrId 192.0.2.1 Flag
0x0
Hop[3] IngIp 192.168.12.2 IngLnkId @ EgrIp 192.0.2.2 EgrLnkId O RtrId 192.0.2.2 Flag 0x0
LspPath FsmState LSP_PATH_S_UP Flags 0x0 miscFlags 0x2
RetryAttempts 0 RetryInterval 30 NextRetryIn Osecs
FailNode 0.0.0.0 FailCode noError
Class Type 0 SetupPri 7 HoldPri @ Pref @ HopLimit 255 BW OMbps
TotIgpCost 20 OperMetric 20 MTU 8982
BFD Disabled Template n/a PingInterval 60 WaitForUp 4sec
Degraded No
Oper Values:
Class Type 0 SetupPri 7 HoldPri @ HopLimit 255 BW OMbps
RecordRoute RecordLabel No Adspec
No PropagateAdminGroup Exclude 0x00000000 Include 0x00000000
No FRR
Metric 20 CSPF No Least Fill Intra-area
NegotiatedEntropyLabel Disabled
PCE-Computed No PCE-Reported No PCE-Controlled No
BFD State Up 1InitTime O0d 00:14:06 UpTime 0d 00:14:01
0ldMBBPathsCleanedUp Yes
Path "path-5-4-3-2" LspId 56322 LspPathIndex 2 PathType Standby ActivePath No
RowStatus Active LastChange 000 00:14:05.560
AdminState Up OperState Up OperStateChange 000 00:14:05.550
TE Computed Hop List:
Hop[1] IngIp 192.0.2.5 IngLnkId O EgrIp 192.168.45.2 EgrLnkId O RtrId 192.0.2.5 Flag 0x0
Hop[2] IngIp 192.168.45.1 IngLnkId @ EgrIp 192.168.34.2 EgrLnkId @ RtrId 192.0.2.4 Flag
0x0
Hop[3] IngIp 192.168.34.1 IngLnkId @ EgrIp 192.168.23.2 EgrLnkId @ RtrId 192.0.2.3 Flag
0x0
Hop[4] IngIp 192.168.23.1 IngLnkId @ EgrIp 192.0.2.2 EgrLnkId O RtrId 192.0.2.2 Flag 0x0
LspPath FsmState LSP_PATH_S_UP Flags 0x0 miscFlags 0x2
RetryAttempts 0 RetryInterval 30 NextRetryIn O@secs
FailNode 0.0.0.0 FailCode noError
Class Type 0 SetupPri 7 HoldPri O Pref 255 HopLimit 255 BW OMbps
TotIgpCost 30 OperMetric 30 MTU 8982
SRLG Disabled SRLGDisjoint No
BFD Disabled Template n/a PingInterval 60 WaitForUp 4sec
Degraded No
Oper Values:
Class Type 0 SetupPri 7 HoldPri @ HopLimit 255 BW OMbps
RecordRoute RecordLabel No Adspec
No PropagateAdminGroup Exclude 0x00000000 Include 0x00000000
No FRR
Metric 30 CSPF No Least Fill Intra-area
NegotiatedEntropyLabel Disabled
PCE-Computed No PCE-Reported No PCE-Controlled No
BFD State N/A
0ldMBBPathsCleanedUp Yes

Total Ingress LSP Count 1

Bringing down the link between PE-1 and PE-2 results in the secondary path, path-5-4-3-2 of LSP Isp-1,
becoming active, and the BFD session is re-established on that path, as follows:

[/1]
A:admin@PE-5# show router bfd session

Legend:
Session Id = Interface Name | LSP Name | Prefix | RSVP Sess Name | Service Id
wp = Working path pp = Protecting path

BFD Session
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Session Id State Tx Pkts Rx Pkts
Rem Addr/Info/SdpId:VcId Multipl Tx Intvl Rx Intvl
Protocols Type LAG Port LAG ID
Loc Addr LAG name
lsp-1::path-5-4-3-2 Up 4 6
192.0.2.2 5 2000 2000
rsvpLsp central N/A N/A
192.0.2.5

No. of BFD sessions: 1

BFD sessions changing state are logged in the trap log, as follows:

91 2023/08/11 11:50:08.101 CEST WARNING: MPLS #2012 Base VR 1:
"LSP path lsp-1::path-5-1-2 is operationally disabled ('shutdown') because resvTear"

92 2023/08/11 11:50:08.101 CEST MINOR: MPLS #2027 Base VR 1:
"LSP lsp-1 active path lsp-1::path-5-1-2 has changed to active path lsp-1::path-5-4-3-2"

93 2023/08/11 11:50:08.101 CEST MINOR: BFD #2004 Base 192.0.2.2
"The protocol (RSVP LSP) using BFD session on node 192.0.2.2 has been cleared"

94 2023/08/11 11:50:08.101 CEST MINOR: BFD #2003 Base 192.0.2.2
"The lspHead BFD Session with Local Discriminator 1 on 192.0.2.2 has been deleted"

95 2023/08/11 11:50:08.102 CEST MINOR: BFD #2004 Base 192.0.2.2
"The protocol (RSVP LSP) using BFD session on node 192.0.2.2 has been added"

96 2023/08/11 11:50:12.944 CEST MINOR: BFD #2002 Base 192.0.2.2

"The lspHead BFD session with Local Discriminator 2 on 192.0.2.2 is up (Tunnel Id 1, Path LSP
ID 56322)"

The tools dump command shows that Isp-1 is still up, and path-5-4-3-2 is active with four hops, so the
LSP operational metric is 30, as follows:

[/]
A:admin@PE-5# tools dump router mpls lspinfo "lsp-1" detail
LSP "lsp-1" LspIdx 1 LspType Dynamic State LSPS_UP Flags 0x2000
AdminState Up OperState Up RowStatus Active
From N/A To 192.0.2.2
NumPaths 2 NumSdps @ NumCBFSdps © NumFltrEntries 0
ActivePath 1lsp-1::path-5-4-3-2(LspId 56322)
HoldTimeRemaining Osecs ClassType @ SoftPreemption TRUE Metric @ OperMetric 30
LDPoRsvp Include VprnAutoBind Include IgpShortCut Include BgpShortCut Include
BgpTransTunnel Include IpShCutTtlPropLocal TRUE IpShCutTtlPropTans TRUE
RelativeMetricOffset 2147483647 MTU 8982 InUseBylLdp FALSE TTMPref 7
EntropyLabel inherit OperEntropylLabel enable NegEntropylLabel disable
ClassForwarding: Disabled
BFD Enabled Template bfdt-1 PingInterval 60 FailureAction failover WaitForUp 4sec
PCE Report: Disabled PCE Control: Disabled
Path Profile:
None
Admin Tags:
None
Lsp-self-ping: Config: inherit, Oper: Disabled, TimedOutCnt: © OamNoRsc: 0
Path "path-5-1-2" LspId 56324 LspPathIndex 1 PathType Primary ActivePath No
RowStatus Active LastChange 000 00:15:50.820
AdminState Up OperState Down OperStateChange 000 00:01:07.400
LspPath FsmState LSP_PATH_S_DOWN Flags 0x0 miscFlags 0x2

3HE 20797 AAAE TQZZA © 2025 Nokia. 94
Use subject to Terms available at: www.nokia.com/terms.



MPLS Advanced Configuration Guide for MD CLI

Releases up to 25.7.R2 BFD for RSVP-TE LSPs with Failure Action

RetryAttempts 2 RetryInterval 30 NextRetryIn 32secs
FailNode 192.0.2.5 FailCode noCspfRouteToDestination
Class Type 0 SetupPri 7 HoldPri @ Pref @ HopLimit 255 BW OMbps
TotIgpCost O OperMetric 16777215 MTU 0O
BFD Disabled Template n/a PingInterval 60 WaitForUp 4sec
Degraded No
0ldMBBPathsCleanedUp Yes
Path "path-5-4-3-2" LspId 56322 LspPathIndex 2 PathType Standby ActivePath Yes
RowStatus Active LastChange 000 00:15:50.820
AdminState Up OperState Up OperStateChange 000 00:15:50.810
TE Computed Hop List:
Hop[1] IngIp 192.0.2.5 IngLnkId O EgrIp 192.168.45.2 EgrLnkId O RtrId 192.0.2.5 Flag 0x0
Hop[2] IngIp 192.168.45.1 IngLnkId 0@ EgrIp 192.168.34.2 EgrLnkId @ RtrId 192.0.2.4 Flag
0x0
Hop[3] IngIp 192.168.34.1 IngLnkId @ EgrIp 192.168.23.2 EgrLnkId @ RtrId 192.0.2.3 Flag
0x0
Hop[4] IngIp 192.168.23.1 IngLnkId @ EgrIp 192.0.2.2 EgrLnkId O RtrId 192.0.2.2 Flag 0x0
LspPath FsmState LSP_PATH_S_UP Flags 0x0 miscFlags 0x2
RetryAttempts 0 RetryInterval 30 NextRetryIn O@secs
FailNode 0.0.0.0 FailCode noError
Class Type 0 SetupPri 7 HoldPri 0 Pref 255 HopLimit 255 BW OMbps
TotIgpCost 30 OperMetric 30 MTU 8982
SRLG Disabled SRLGDisjoint No
BFD Disabled Template n/a PingInterval 60 WaitForUp 4sec
Degraded No
Oper Values:
Class Type 0 SetupPri 7 HoldPri @ HopLimit 255 BW OMbps
RecordRoute RecordLabel No Adspec
No PropagateAdminGroup Exclude 0x00000000 Include 0x00000000
No FRR
Metric 30 CSPF No Least Fill Intra-area
NegotiatedEntropylLabel Disabled
PCE-Computed No PCE-Reported No PCE-Controlled No
BFD State Up InitTime 0d 00:01:07 UpTime 0d 00:01:03
0ldMBBPathsCleanedUp Yes

Total Ingress LSP Count 1

The secondary path, path-5-4-3-2, becoming active does not result in a change of the BGP next-hop.
Traffic continues to flow from PE-5 to PE-6 via LSP /sp-1, but now via the lower path. The BFD failure
action failover combined with standby secondary paths can help detect failures faster, with minimal traffic
loss, which is especially useful in larger domains, or when the LSP passes through multiple domains.

Failure action down

Figure 11: Topology for failure action down shows the topology used for failure action down. BGP shortcuts
are defined in AS 65545 running between the ASBRs PE-5, PE-2, and PE-3. A first shortcut is offered
through an RSVP-TE LSP called Isp-2, with a single path from PE-5 via PE-1 to PE-2; the second shortcut
is offered through another RSVP-TE LSP called /sp-3, with a single path from PE-5 via PE-4 to PE-3.
When LSP Isp-2 fails and the failure gets detected by BFD, LSP /sp-2 is unavailable in the TTM and traffic
starts using Isp-3, implying a change of the BGP next hop; this scenario being an edge prefix-independent
convergence (PIC) scenario. See the "BGP Fast Reroute" chapter in 7450 ESS, 7750 SR, 7950 XRS, and
VSR Unicast Routing Protocols Advanced Configuration Guide for MD CLI for more information about edge
PIC.
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Figure 11: Topology for failure action down
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The initial configuration includes:
+ Cards, MDAs, and ports

* Router interfaces

27616

* IS-IS as IGP on all interfaces (alternatively, OSPF can be used), with traffic engineering enabled

« MPLS and RSVP-TE enabled on all interfaces

» BGP configured, with RR-7 being the route reflector for clients PE-2, PE-3, and PE-5 in AS 65545, and
PE-6 located in AS 65546 and connected to PE-2 and PE-3. PE-6 exports prefix 192.0.2.6/32 to PE-2

and PE-3.

The LSPs from Figure 11: Topology for failure action down are configured with a single path, as follows.
The paths referred to from these LSPs are fully strict paths, using interface IP addresses. Both Isp-2 and

Isp-3 have BFD enabled with failure action down.

# on PE-5

configure {

router "Base" {
mpls {

3HE 20797 AAAE TQZZA

path "path-5-1-2" {
admin-state enable
hop 10 {
ip-address 192
type strict

)
hop 20 {
ip-address 192
type strict
)
}
path "path-5-4-3" {
admin-state enable
hop 10 {
ip-address 192
type strict

.168.15.1

.168.12.2

.168.45.1
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}

hop 20 {
ip-address 192.168.34.1
type strict

lsp "lsp-2" {
admin-state enable
type p2p-rsvp
to 192.0.2.2

path-computation-method local-cspf

bfd {
bfd-liveness true
bfd-template "bfdt-1"
failure-action down

}

primary "path-5-1-2" {

}

lsp "lsp-3" {
admin-state enable
type p2p-rsvp
to 192.0.2.3

path-computation-method local-cspf

bfd {
bfd-liveness true
bfd-template "bfdt-1"
failure-action down

}

primary "path-5-4-3" {

}

}

The details of the LSP show the configured failure action, as follows:

[/1

A:admin@PE-5# show router mpls lsp "lsp-2" detail

MPLS LSPs (Originating) (Detail)

Legend :
+ - Inherited

LSP Name : lsp-2

LSP Type : RegularLsp
LSP Index 2

From : 192.0.2.5
To : 192.0.2.2
Adm State : Up

LSP Up Time : 0d 00:03:42
Transitions 1

Retry Limit 1 0
Signaling : RSVP

Hop Limit : 255
Adaptive : Enabled
FastReroute : Disabled

PathCompMethod : local-cspf
FallbkPathComp : not-applicable
Metric : N/A
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LSP Tunnel ID
TTM Tunnel Id

Oper State

LSP Down Time
Path Changes
Retry Timer
Resv. Style
Negotiated MTU
ClassType

Oper FR

ADSPEC

Metric Type
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: Up

: 0d 00:00:00
1

: 30 sec

: SE

: 8982

: 0

: Disabled

: Disabled

i igp

Use subject to Terms available at: www.nokia.com/terms.

97



MPLS Advanced Configuration Guide for MD CLI
Releases up to 25.7.R2

BFD for RSVP-TE LSPs with Failure Action

Load Bal Wt : N/A
Include Grps :

None

Least Fill : Disabled
BFD Template : bfdt-1
BFD Enable : True
WaitForUpTimer : 4

Revert Timer : Disabled
Entropy Label : Enabled+
Negotiated EL : Disabled
Auto BW : Disabled
LdpOverRsvp : Enabled
VprnAutoBind : Enabled
IGP Shortcut : Enabled
IGP LFA : Disabled
AllowSrOverSrte : Disabled
BGPTransTun : Enabled
Oper Metric 1 20

Prop Adm Grp : Disabled
PCE Report : Disabled+
PCE Control : Disabled
Path Profile : None
Admin Tags : None

Lsp Self Ping : Disabled+
SelfPingOAMFail*: 0
Primary(a) : path-5-1-2
Bandwidth : 0 Mbps

ClassForwarding : Disabled
Exclude Grps :

None
Soft Preemption : Enabled
BFD Ping Intvl : 60
BFD Failure-action : Down
Next Revert In : N/A
Oper Entropy Label : Enabled
BGP Shortcut : Enabled
IGP Rel Metric : Disabled
Self Ping Timeouts : 0
Up Time : 0d 00:03:42

* indicates that the corresponding row element may have been truncated.

Multiple BGP paths are available out of PE-5 to reach PE-6, as follows. The path via PE-2 is the currently

active path, the path via PE-3 is the backup path.

[/1

A:admin@PE-5# show router route-table protocol bgp alternative

Route Table (Router: Base)

Dest Prefix[Flags]
Next Hop[Interface Name]
Alt-NextHop

192.0.2.6/32

192.0.2.2 (tunneled:RSVP:2)
192.0.2.6/32 (Backup)

192.0.2.3 (tunneled:RSVP:3)

No. of Routes: 2

Type Proto Age Pref
Metric
Alt-
Metric
Remote BGP 00h03m19s 170
20
Remote BGP 00h03m19s 170
20

Flags: n = Number of times nexthop is repeated

Backup = BGP backup route

LFA = Loop-Free Alternate nexthop

S = Sticky ECMP requested

The first of the following BFD sessions is running over the active path:

[/1
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A:admin@PE-5# show router bfd session

Legend:
Session Id = Interface Name | LSP Name | Prefix | RSVP Sess Name | Service Id
wp = Working path pp = Protecting path

BFD Session

Session Id State Tx Pkts Rx Pkts
Rem Addr/Info/SdpId:VcId Multipl Tx Intvl Rx Intvl
Protocols Type LAG Port LAG ID
Loc Addr LAG name

lsp-2::path-5-1-2 Up 143 135
192.0.2.2 5 2000 2000
rsvplLsp central N/A N/A
192.0.2.5

lsp-3::path-5-4-3 Up 145 135
192.0.2.3 5 2000 2000
rsvplLsp central N/A N/A
192.0.2.5

No. of BFD sessions: 2

The BFD session running over the active path of the Isp-2 LSP is also indicated in the output of the
following tools command:

[/]
A:admin@PE-5# tools dump router mpls lspinfo "lsp-2" detail
LSP "1lsp-2" LspIdx 2 LspType Dynamic State LSPS_UP Flags 0x2000
AdminState Up OperState Up RowStatus Active
From N/A To 192.0.2.2
NumPaths 1 NumSdps 0 NumCBFSdps © NumFltrEntries 0
ActivePath 1lsp-2::path-5-1-2(LspId 56832)
HoldTimeRemaining Osecs ClassType @ SoftPreemption TRUE Metric @ OperMetric 20
LDPoRsvp Include VprnAutoBind Include IgpShortCut Include BgpShortCut Include
BgpTransTunnel Include IpShCutTtlPropLocal TRUE IpShCutTtlPropTans TRUE
RelativeMetricOffset 2147483647 MTU 8982 InUseBylLdp FALSE TTMPref 7
EntropyLabel inherit OperEntropylLabel enable NegEntropylLabel disable
ClassForwarding: Disabled
BFD Enabled Template bfdt-1 PingInterval 60 FailureAction down WaitForUp 4sec
PCE Report: Disabled PCE Control: Disabled
Path Profile:
None
Admin Tags:
None
Lsp-self-ping: Config: inherit, Oper: Disabled, TimedOutCnt: O OamNoRsc: 0
Path "path-5-1-2" LspId 56832 LspPathIndex 1 PathType Primary ActivePath Yes
RowStatus Active LastChange 000 00:04:25.220
AdminState Up OperState Up OperStateChange 000 00:04:25.220
TE Computed Hop List:
Hop[1] IngIp 192.0.2.5 IngLnkId 0 EgrIp 192.168.15.2 EgrLnkId 0 RtrId 192.0.2.5 Flag Ox0
Hop[2] IngIp 192.168.15.1 IngLnkId 0@ EgrIp 192.168.12.1 EgrLnkId © RtrId 192.0.2.1 Flag
0x0
Hop[3] IngIp 192.168.12.2 IngLnkId © EgrIp 192.0.2.2 EgrLnkId O RtrId 192.0.2.2 Flag Ox0
LspPath FsmState LSP_PATH_S UP Flags 0x0 miscFlags 0Ox2
RetryAttempts 0 RetryInterval 30 NextRetryIn Osecs
FailNode 0.0.0.0 FailCode noError
Class Type 0 SetupPri 7 HoldPri 0 Pref 0 HopLimit 255 BW OMbps
TotIgpCost 20 OperMetric 20 MTU 8982
BFD Disabled Template n/a PingInterval 60 WaitForUp 4sec
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Degraded No
Oper Values:
Class Type 0 SetupPri 7 HoldPri @ HopLimit 255 BW OMbps
RecordRoute RecordLabel No Adspec
No PropagateAdminGroup Exclude 0x00000000 Include 0x00000000
No FRR
Metric 20 CSPF No Least Fill Intra-area
NegotiatedEntropylLabel Disabled
PCE-Computed No PCE-Reported No PCE-Controlled No
BFD State Up 1InitTime Od 00:04:25 UpTime 0d 00:04:20
0ldMBBPathsCleanedUp Yes

Total Ingress LSP Count 1

Emulating a path failure by bringing down port 1/1/c2/1 on PE-2 brings the primary path in the Isp-2 LSP
down, as follows:

[/]
A:admin@PE-5# show router mpls lsp "lsp-2" path

MPLS LSP 1lsp-2 Path

LSP Name : lsp-2

From 1 192.0.2.5

To 1 192.0.2.2

Adm State : Up Oper State : Down

Path Name Next Hop Type Out I/F Adm Opr
path-5-1-2

n/a Primary n/a Up  Dwn

The only remaining BFD session is now the BFD session for the Isp-3 LSP with next hop 192.0.2.3, as
follows:

[/1]
A:admin@PE-5# show router bfd session

Legend:
Session Id = Interface Name | LSP Name | Prefix | RSVP Sess Name | Service Id
wp = Working path pp = Protecting path

BFD Session

Session Id State Tx Pkts Rx Pkts
Rem Addr/Info/SdpId:VcId Multipl Tx Intvl Rx Intvl
Protocols Type LAG Port LAG ID
Loc Addr LAG name

lsp-3::path-5-4-3 Up 188 173
192.0.2.3 5 2000 2000
rsvplLsp central N/A N/A
192.0.2.5

No. of BFD sessions: 1
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BGP traffic is diverted into Isp-3, and the BGP next hop is 192.0.2.3, as follows:

[/]
A:admin@PE-5# show router route-table protocol bgp alternative

Route Table (Router: Base)

Dest Prefix[Flags] Type Proto Age Pref
Next Hop[Interface Name] Metric
Alt-NextHop Alt-

Metric

192.0.2.6/32 Remote BGP 00h0OM49s 170

192.0.2.3 (tunneled:RSVP:3) 20

No. of Routes: 1

Flags: n = Number of times nexthop is repeated
Backup = BGP backup route
LFA = Loop-Free Alternate nexthop
S = Sticky ECMP requested

Note: Though it is possible to configure failure-action down for LSPs with secondary paths,
4 no failover to any secondary path will take place. When the active path goes down, the entire
LSP is registered as unusable in the TTM, regardless of any secondary paths. Because a BFD
session running on a secondary unused path can be confusing to operators and is taking up
resources, Nokia recommends defining the LSPs to only use a single path when failure action
down is configured, as in the example.

Conclusion

The BFD failure action failover or down can help detect failures faster with minimal traffic loss on
switchover, which is especially useful in larger domains or when the LSP passes through multiple domains.

© 2025 Nokia. 101

Use subject to Terms available at: www.nokia.com/terms.

3HE 20797 AAAE TQZZA



MPLS Advanced Configuration Guide for MD CLI

Releases up to 25.7.R2 DiffServ Traffic Engineering

DiffServ Traffic Engineering

This chapter provides information about DiffServ traffic engineering.
Topics in this chapter include:

* Applicability

*  Overview

» Configuration

« Conclusion

Applicability

This chapter was initially written for SR OS Release 14.0.R2. The CLI in the current edition corresponds to
SR OS Release 23.3.R1.

Overview

Differentiated Services (DiffServ) is a mechanism to classify and manage network traffic to provide Quality
of Service (QoS). DiffServ Traffic Engineering (DiffServ TE) reserves bandwidth for Label Switched Paths
(LSPs) on ReSource reserVation Protocol (RSVP) interfaces on a per TE class basis.

Example Topology

Figure 12: Example topology shows the example topology that contains five 7750 SRs in a ring topology.
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Figure 12: Example topology
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Definitions

The following definitions are used in this chapter:

* Forwarding Classes (FCs) classify micro-flows into macro-flows. FCs can be mapped to Class Types
(CTs).
» A CT is macro-flow crossing a link governed by a specific Bandwidth Constraint (BC). The BC is defined

on a per-link and per-CT basis. A CT can be considered as a network-wide FC, advertised by the IGP
(OSPF opaque link state advertisement (LSA), IS-IS TE Type Length Value (TLV)).

— IGP-TE can reserve bandwidth per CT on a link (BC).
— RSVP-TE can reserve bandwidth per LSP path, based on TE class.
* ATE class is a combination of a CT and a preemption priority.

There are eight FCs that can be mapped to CTs. The CTs range from CTO (lowest) to CT7 (highest)
and each gets a percentage of the bandwidth of the link. Each CT has eight different priority levels that
are used for preemption. Even though there are 64 different potential combinations of CT and priority,
only eight different combinations can be defined for TE classes. All CTs and priorities must be manually
configured.

The system allows up to eight TE classes to be configured. The more TE classes are defined, the more

RSVP LSPs need to be configured for each service. TE classes are consistently configured on all TE-
aware Label Switching Routers (LSRs) throughout the network and advertised through the IGP.

The following shows a DiffServ TE configuration where each CT can reserve up to 10% of the maximum
reservable bandwidth meaning that 20% of the bandwidth is not allocated to any CT. MPLS needs to be
shut down when DiffServ TE is configured. Figure 13: Mapping of TE classes shows the mapping of the
TE classes.

© 2025 Nokia. 103

Use subject to Terms available at: www.nokia.com/terms.

3HE 20797 AAAE TQZZA



MPLS Advanced Configuration Guide for MD CLI

Releases up to 25.7.R2 DiffServ Traffic Engineering

Figure 13: Mapping of TE classes

Priority

XXX | X |Xx

CT0 c17
Class type
25847

# on PE-1:
configure {
router "Base" {
rsvp {
preemption-timer 5
diffserv-te {
admission-control-model mam
class-type-bw {

ctd 10
ctl 10
ct2 10
ct3 10
ct4 10
ct5 10
ct6 10
ct7 10

}

te-class 0 {
class-type 0
priority 0

}

te-class 1 {
class-type 0
priority 1

}

te-class 2 {
class-type 0
priority 2

}

te-class 3 {
class-type 0
priority 3

}

te-class 4 {
class-type 0
priority 4

}

te-class 5 {
class-type 5
priority 5

}

te-class 6 {
class-type 6
priority 6

}

te-class 7 {

© 2025 Nokia.
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}

class-type
priority 7

af {

class-type

be {

class-type

ef {

class-type

hl {

class-type

h2 {

class-type

11 {

class-type

12 {

class-type

nc {

class-type

This configuration is applied on all TE-aware LSRs for consistency.

Figure 14: Bandwidth reservation for the CTs shows the bandwidth reservation for the CTs.

Figure 14: Bandwidth reservation for the CTs

10%

10%

10%

10%

10%

10%

10%

10%

CT0

cT7

Maximum reservable bandwidth

25848

Eight TE classes are defined, each with a different priority, using four CTs (0, 5, 6 and 7). There is no need
to assign any bandwidth to the unused CTs. The configuration in this example is not a recommendation. In
this example, the BC for each CT is 10% of the maximum reservable bandwidth.

On each node, the RSVP status shows whether DiffServ TE is enabled and how it is configured, as follows:

[/1

A:admin@PE-1# show router rsvp status

RSVP Status

Admin Status

Keep Multiplier
Message Pacing
Max Packet Burst
Rapid Retransmit
Graceful Shutdown

3HE 20797 AAAE TQZZA

: Up

: 3

: Disabled
: 650 msgs
: 5 hmsec

: Disabled

Oper Status : Up
Refresh Time 1 30 sec
Pacing Period : 100 msec
Refresh Bypass : Disabled

Rapid Retry Limit : 3
SoftPreemptionTimer: 5 sec
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GR Max Recovery

Implicit Null Label:
P2P Merge Point Ab*:

Auth Over Bypass

DiffServTE AdmModel:
Percent Link Bw CTO:
Percent Link Bw CT1:
Percent Link Bw CT2:
Percent Link Bw CT3:

TEO
TE1l
TE2
TE3
TE4
TE5
TE6
TE7

->

->

FCName
FCName
FCName
FCName
FCName
FCName
FCName
FCName

IgpThresholdUpdate :

Class Type
Class Type
Class Type
Class Type
Class Type
Class Type
Class Type
Class Type

Up Thresholds (%)
Down Thresholds (%)
Update Timer
Update on CAC Fail

: 300 sec GR Max Restart : 120 sec
Disabled Node-id in RRO : Exclude
Disabled P2MP Merge Point A*: Disabled

: Disabled
Mam Entropy Label : Disabled
10 Percent Link Bw CT4: 10
10 Percent Link Bw CT5: 10
10 Percent Link Bw CT6: 10
10 Percent Link Bw CT7: 10

: 0 Priority : 0
0 Priority : 1
0 Priority 1 2

: 0 Priority : 3

: 0 Priority : 4

: 5 Priority : 5

: 6 Priority : 6

: 7 Priority H

: af Class Type : 0

: be Class Type : 0

: ef Class Type : 5

: hl Class Type H )

: h2 Class Type : 0

: 11 Class Type : 0

: 12 Class Type : 0

i nc Class Type )
Disabled

: 0 15 30 45 60 75 80 85 90 95 96 97 98 99 100
100 99 98 97 96 95 90 85 80 75 60 45 30 15 0

: N/A

: Disabled

* indicates that the corresponding row element may have been truncated.

The OSPF LSAs contain BC information, as shown in the following output taken from PE-1:

[/1

A:admin@PE-1# show router ospf opaque-database adv-router 192.0.2.3 detail

Rtr Base 0SPFv2 Instance 0 Opaque Link State Database (type: All) (detail)

Area Id

Link State Id

Sequence No

Age

Options
Advertisement

Area Id

: 0.0.0.0 Adv Router Id : 192.0.2.3
1.0.0.1 LSA Type : Area Opaque
: Ox80000002 Checksum : 0x9a28
1 232 Length : 28
E

ROUTER-ID TLV

Link State Id

Sequence No

Age

Options
Advertisement

: Traffic Engineering

(0001) Len 4 : 192.0.2.3

: 0.0.0.0 Adv Router Id : 192.0.2.3
1.0.0.2 LSA Type : Area Opaque
: Ox8000000a Checksum : 0xe962
: 57 Length : 164
E

LINK INFO TLV

Sub-TLV: 1
Sub-TLV: 2

3HE 20797 AAAE TQZZA

: Traffic Engineering

(0002) Len 140 :

Len: 1 LINK TYPE 1
Len: 4 LINK_ID : 192.0.2.2
© 2025 Nokia.
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Sub-TLV: 3 Len: 4 LOC_IP_ADDR : 192.168.23.2
Sub-TLV: 4 Len: 4 REM_IP_ADDR : 192.168.23.1
Sub-TLV: 5 Len: 4 TE_METRIC : 10

Sub-TLV: 6 Len: 4 MAX_BDWTH : 10000000 Kbps
Sub-TLV: 7 Len: 4 RSRVBL_BDWTH : 10000000 Kbps
Sub-TLV: 8 Len: 32 UNRSRVD_CLSO

PO: 1000000 Kbps P1l: 1000000 Kbps P2: 1000000 Kbps P3: 1000000 Kbps
P4: 1000000 Kbps P5: 1000000 Kbps P6: 1000000 Kbps P7: 1000000 Kbps
Sub-TLV: 9 Len: 4 ADMIN GROUP : 0 None
Sub-TLV: 17 Len: 36 TELK BW CONST:
BW Model : MAM
BCO: 1000000 Kbps BC1l: 1000000 Kbps BC2: 1000000 Kbps BC3: 1000000 Kbps
BC4: 1000000 Kbps BC5: 1000000 Kbps BC6: 1000000 Kbps BC7: 1000000 Kbps
---snip---

In the preceding output, only the output for the interface between PE-2 and PE-3 is shown; the output

is similar for the other interfaces. On each interface between nodes, there are eight BCs for the eight

CTs: from BCO to BC7. In this example, each of the BCs has the same constraint of 1 Gb/s, which
corresponds to 10% of the 10 Gb/s interfaces. As long as no LSP is configured with a CT and a bandwidth,
no bandwidth is reserved. The BCs for an interface, such as the interface between PE-1 and PE-2, can be
shown as follows:

[/]
A:admin@PE-1# show router rsvp interface "int-PE-1-PE-2" detail

RSVP Interface (Detailed) : int-PE-1-PE-2

Interface : int-PE-1-PE-2

Port ID : 1/1/cl/1

Admin State : Up Oper State : Up

Active Sessions 1 0 Active Resvs 1 0

Total Sessions 1 0

Subscription : 100 % Port Speed : 10000 Mbps

Total BW : 10000 Mbps Aggregate : Dsabl

Hello Interval : 3000 ms Hello Timeouts 1 0

Key Type Auth : Disabled

Keychain Auth : Disabled

Auth Rx Seq Num i n/a Auth Key Id i n/a

Auth Tx Seq Num : n/a Auth Win Size : n/a

Refresh Reduc. : Disabled Reliable Deli. : Disabled

Bfd Enabled : No Graceful Shut. : Disabled

ImplicitNullLabel : Disabled* GR helper : Disabled

Percent Link Bandwidth for Class Types*

Link Bw CTO : 10 Link Bw CT4 : 10

Link Bw CT1 : 10 Link Bw CT5 : 10

Link Bw CT2 : 10 Link Bw CT6 : 10

Link Bw CT3 : 10 Link Bw CT7 : 10

Bandwidth Constraints for Class Types (Kbps)

BCO : 1000000 BC4 : 1000000

BC1 : 1000000 BC5 : 1000000

BC2 : 1000000 BC6 : 1000000

BC3 : 1000000 BC7 : 1000000

Bandwidth for TE Class Types (Kbps)

TEO-> Resv. Bw : 0 Unresv. Bw : 1000000
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TE1l-> Resv.
TE2-> Resv.
TE3-> Resv.
TE4-> Resv.
TE5-> Resv.
TE6-> Resv.
Resv.

TE7->

IGP Upd

Up Thresholds (%)

Down Thresholds (%)
IGP Update Pending :
: N/A

Next Up

No Neighbors.
* indicates inherited values

ate

date

Bw
Bw
Bw
Bw
Bw
Bw
Bw

[N NN

No

Unresv.
Unresv.
Unresv.
Unresv.
Unresv.
Unresv.
Unresv.

Bw
Bw
Bw
Bw
Bw
Bw
Bw

: 1000000
: 1000000
: 1000000
: 1000000
: 1000000
: 1000000
: 1000000

: 0 15 30 45 60 75 80 85 90 95 96 97 98 99 100
: 100 99 98 97 96 95 90 85 80 75 60 45 30 15 0

In this example, all BCs for the CTs are equal to 1 Gb/s, which is 10% of the maximum reservable
bandwidth of 10 Gb/s. Currently no bandwidth is reserved for any of the TE classes. The unreserved
bandwidth equals 1 Gb/s for TEO through TE7.

The maximum bandwidth that can be allocated depends on the bandwidth of the link and the subscription
percentage. When the subscription percentage is doubled to 200%, the BCs are doubled too, as follows:

# on PE-

configu

router "Base" {

[/1

1:
re {

rsvp {

interface "int-PE-1-PE-2" {
subscription 200

A:admin@PE-1# show router rsvp interface "int-PE-1-PE-2" detail

RSVP Interface (Detailed)

: int-PE-1-PE-2

Interface : int-PE-1-PE-2

---snip---

Percent Link Bandw1dth for Class Types*

Link Bw CTO : 10 Link Bw CT4

Link Bw CT1 10 Link Bw CT5

Link Bw CT2 10 Link Bw CT6

Link Bw CT3 10 Link Bw CT7

Bandwidth Constraints for Class Types (Kbps)

BCO : 2000000 BC4

BC1 : 2000000 BC5

BC2 : 2000000 BC6

BC3 : 2000000 BC7

Bandwidth for TE Class Types (Kbps)

TEO-> Resv. Bw 0 Unresv. Bw

TE1-> Resv. Bw 1 0 Unresv. Bw

TE2-> Resv. Bw 1 0 Unresv. Bw

TE3-> Resv. Bw 1 0 Unresv. Bw

TE4-> Resv. Bw 1 0 Unresv. Bw

TE5-> Resv. Bw 1 0 Unresv. Bw
3HE 20797 AAAE TQZZA
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TE6-> Resv. Bw 1 0
TE7-> Resv. Bw 1 0
---snip---

Unresv. Bw
Unresv. Bw

: 2000000
: 2000000

The subscription percentage is restored to its default value of 100% as follows:

# on PE-1:
configure {
router "Base" {
rsvp {

interface "int-PE-1-PE-2" {
delete subscription

}

Bandwidth constraint models

Two models are available for the bandwidth calculation that is required during the LSP setup: the Maximum
Allocation Model (MAM) and the Russian Doll Model (RDM). Table 1: Comparison bandwidth constraint
models shows a comparison between the two models.

Table 1: Comparison bandwidth constraint models

Maximum Allocation
Model (MAM)

Russian Doll Model (RDM)

Fixed BC per CT.

No bandwidth sharing
between CTs.

Maps one BC to one or
more CTs. Lower CTs are
allowed to reserve from the
unused bandwidth of the
pools defined for higher CTs.

Achieves isolation between
CTs and guaranteed
bandwidth to CTs without
the need for preemption.

No isolation between CTs.
Requires preemption to
guarantee bandwidth to CTs
other than the premium.

Bandwidth may be wasted.

Efficient use of bandwidth.

Easy to manage.

More complex.

Figure 15: Bandwidth reservation in Maximum Allocation Model for three CTs shows the reserved
bandwidth for the different class types according to the MAM model. In this example, there is only
bandwidth reserved for CTO, CT1, and CT2.
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Figure 15: Bandwidth reservation in Maximum Allocation Model for three CTs

CcT7 T CTo

Maximum reservable bandwidth
25849

Bandwidth that is reserved for a specific CT cannot be used by any other CT. Therefore, bandwidth may be
wasted.

The Russian Doll Model is more flexible: when CT1 has some spare bandwidth that may be used by CTO,
this is allowed. Depending on the configured setup priority and hold priority, this may be reversed when
CT1 requires the bandwidth. The bandwidth reservation in the Russian Doll Model is shown in Figure 16:
Bandwidth reservation in Russian Doll Model for three CTs.

Figure 16: Bandwidth reservation in Russian Doll Model for three CTs

CT2 M CTo

>
BC2

BC1

BCO = Maximum reservable bandwidth
25850

Backup class types

The main CT is defined at LSP level or primary path level. The main CT is used at the first attempt for the
initial establishment and re-signal Make-Before-Break (MBB) of the LSP primary path. Re-signaling of
the LSP path can be triggered manually or timer-based. Subsequent retries use the backup CT, which is
configured on the primary path level. Secondary paths are always signaled with the main CT. There is no
verification whether the backup CT is lower than the main CT. This applies to CSPF and non-CSPF LSPs.
An example of an LSP with main CT1 and backup CTO is as follows:

# on PE-1:
configure {
router "Base" {
mpls {
path "dyn" {
admin-state enable
}
lsp "LSP-PE-1-PE-3-withBackupCT" {
admin-state enable
type p2p-rsvp
to 192.0.2.3
path-computation-method local-cspf
class-type 1
primary "dyn" {
bandwidth 50
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backup-class-type 0

priority {
setup-priority 4
hold-priority 4

}

Possible triggers for using the backup CT are:

» Local interface failure or control plane failure (hello timeout)

* Received Resv message with the local-protection-in-use flag set (global revertive trigger)

» Received Patherr message with Fast ReRoute (FRR) protection active notification (global revertive
trigger)

* Received Patherr message with error code 34 (Reroute) and value 1 (soft preemption trigger)

* Received Patherr message with Preemption pending flag set (soft preemption trigger)

* Received ResvTear message

When the reservable bandwidth for a CT (including the bandwidth for the inner dolls in case of RDM) is
insufficient, this does not trigger the backup CT to be used. If possible, an alternate path is used for the
LSP requiring this bandwidth.

Priorities

Two different priorities are linked to an LSP in a range from 0 to 7, where 0 is the highest priority and 7 the
lowest. These values are important when preemption occurs, as follows:

# on PE-1:
A:admin@:PE-1# configure {
router "Base" {
mpls {
lsp "LSP-PE-1-PE-3" {
primary "dyn" {

priority ?
priority
hold-priority - Priority of an LSP session at preemption action
setup-priority - Priority when insufficient bandwidth for LSP setup
where:

hold-priority <number>
<number> - <0..7>
Default - 0
and

setup-priority <number>
<number> - <0..7>
Default - 7

The following shows an LSP with both priorities equal to 4:

# on PE-1:
configure {
router "Base" {
mpls {
lsp "LSP-PE-1-PE-3" {

© 2025 Nokia.
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admin-state enable
type p2p-rsvp
to 192.0.2.3
path-computation-method local-cspf
primary "dyn" {
bandwidth 50
priority {
setup-priority 4
hold-priority 4
}

The first priority in the configuration is the setup priority. When an LSP is signaled and there is not
enough bandwidth available on the egress Label Edge Router (eLER) or LSR, the LSP can preempt an
established LSP with a hold priority lower than this setup priority. For a setup priority of 4, existing LSPs
with a hold priority of 5, 6, or 7 can be preempted in case of insufficient bandwidth.

The second priority in the configuration is the hold priority. When this LSP is established and a new LSP
needs to be established, and there is insufficient bandwidth, this LSP can only be preempted by an LSP
with a higher setup priority than this hold priority. For a hold priority of 4, the LSP can be preempted by
any LSP with a setup priority of 0, 1, 2, or 3.

The default values are a setup priority of 7 and a hold priority of 0. A low setup priority of 7 means the LSP
cannot preempt any LSP. A high hold priority of O implies that the LSP cannot be preempted by any other
LSP.

The setup priority needs to be lower than or equal to the hold priority to avoid preemption loops. Nokia
recommends that the setup priority and the hold priority are set to equal values.

Bandwidth, CT information, and priorities are shown as follows:

[/]
A:admin@PE-1# show router mpls lsp "LSP-PE-1-PE-3" path detail

MPLS LSP LSP-PE-1-PE-3 Path (Detail)

Legend :
@ - Detour Available # - Detour In Use
b - Bandwidth Protected n - Node Protected
s - Soft Preemption
S - Strict L - Loose
A - ABR + - Inherited

LSP LSP-PE-1-PE-3

Path dyn
LSP Name : LSP-PE-1-PE-3
From 1 192.0.2.1
To : 192.0.2.3
Admin State : Up Oper State : Up
Path Name : dyn
Path LSP ID : 43008 Path Type : Primary
Path Admin : Up Path Oper : Up
Out Interface : 1/1/cl/1 Out Label 1 524287
---snip---
Neg MTU : 1564 Oper MTU : 1564
Bandwidth : 50 Mbps Oper Bandwidth : 50 Mbps
Hop Limit : 255 Oper HopLimit : 255
Record Route : Record Oper Record Route : Record
Record Label : Record Oper Record Label : Record
Setup Priority : 4 Oper SetupPriority: 4
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Hold Priority

Class Type
Backup CT

MainCT Retry

Rem

MainCT Retry

Limit
---snip---

: 4 Oper HoldPriority : 4
: 0 Oper CT 1 0
: None
: n/a

0

When the LSP is being established, the path message contains the setup and hold priorities, and the
required bandwidth, as follows:

# on PE-1:
debug
router

rsvp
packet

path detail

exit

1 2023/04/12 21:29:24.744 CEST MINOR: DEBUG #2001 Base RSVP
"RSVP: PATH Msg
Send PATH From:192.0.2.1, T0:192.0.2.3

TTL:255, Checksum:0xe791, Flags:0x0

Session
SessAttr

RSVPHop

TimeValue
SendTempl
SendTSpec

LabelReq
RRO
ERO

EndPt:192.0.2.3, TunnId:2, ExtTunnId:192.0.2.1
Name:LSP-PE-1-PE-3::dyn

SetupPri:4, HoldPri:4, Flags:0x46

Ctype:1, Addr:192.168.12.1, LIH:2
RefreshPeriod:30

Sender:192.0.2.1, LspId:43008

Ctype:Q0S, CDR:50.000 Mbps, PBS:50.000 Mbps, PDR:infinity
MPU:20, MTU:1564

IfType:General, L3ProtID:2048
IpAddr:192.168.12.1, Flags:0x0

IPv4Prefix 192.168.12.2/32, Strict

IPv4Prefix 192.168.23.2/32, Strict

As soon as the LSP is established, the bandwidth is reserved on the interface int-PE-1-PE-2 on PE-1in TE
class 4 (configured as a combination of CTO and priority 4), as follows:

[/1

A:admin@PE-1# show router rsvp interface "int-PE-1-PE-2" detail

RSVP Interface (Detailed) : int-PE-1-PE-2

Interface int-PE-1-PE-2

Interface : int-PE-1-PE-2

Port ID : 1/1/cl/1

Admin State : Up Oper State : Up

Active Sessions 1 Active Resvs 1

Total Sessions 1

Subscription : 100 % Port Speed : 10000 Mbps

Total BW : 10000 Mbps Aggregate : Dsabl

---snip---

Percent Link Bandwidth for Class Types*

Link Bw CTO : 10 Link Bw CT4 ;10
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Link Bw CT1 : 10 Link Bw CT5 : 10
Link Bw CT2 : 10 Link Bw CT6 : 10
Link Bw CT3 : 10 Link Bw CT7 : 10
Bandwidth Constraints for Class Types (Kbps)
BCO : 1000000 BC4 : 1000000
BC1 : 1000000 BC5 : 1000000
BC2 : 1000000 BC6 : 1000000
BC3 : 1000000 BC7 : 1000000
Bandwidth for TE Class Types (Kbps)
TEO-> Resv. Bw : 0 Unresv. Bw : 1000000
TE1-> Resv. Bw : 0 Unresv. Bw : 1000000
TE2-> Resv. Bw : 0 Unresv. Bw : 1000000
TE3-> Resv. Bw : 0 Unresv. Bw : 1000000
TE4-> Resv. Bw : 50000 Unresv. Bw : 950000
TE5-> Resv. Bw : 0 Unresv. Bw : 1000000
TE6-> Resv. Bw : 0 Unresv. Bw : 1000000
TE7-> Resv. Bw : 0 Unresv. Bw : 1000000
---snip---

Configuration

The example topology consists of five 7750 SRs in a ring topology, as shown in Figure 12: Example

topology.

Initial Configuration

The nodes have the following initial configuration:
» Cards, MDAs, ports
* Router interfaces. For PE-1:

# on PE-1:
configure {

router "Base" {

3HE 20797 AAAE TQZZA

interface "int-PE-1-PE-2" {
port 1/1/cl/1

}

ipvd {
primary {
address 192.168.12.1
prefix-length 30
}
}

interface "int-PE-1-PE-5" {
port 1/1/c1/2

}

ipvd {
primary {
address 192.168.15.1
prefix-length 30
}
}

interface "system" {

ipvd {
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primary {
address 192.0.2.1
prefix-length 32

}
* IGP: OSPF (alternatively, IS-IS could have been used) with TE enabled. For PE-1:

# on PE-1:
configure {
router "Base" {
ospf 0 {
admin-state enable
traffic-engineering true
area 0.0.0.0 {
interface "int-PE-1-PE-2" {
interface-type point-to-point
h

interface "int-PE-1-PE-5" {
interface-type point-to-point
}

interface "system" {

}
}

+ MPLS and RSVP enabled on all interfaces. For PE-1:

# on PE-1:
configure {
router "Base" {
mpls {
admin-state enable
interface "int-PE-1-PE-2" {

}
interface "int-PE-1-PE-5" {
}

}

rsvp {
admin-state enable
interface "int-PE-1-PE-2" {
}
interface "int-PE-1-PE-5" {
}

}

LSPs are established from PE-1 to PE-3 with the short path via PE-2 as preferred. If insufficient bandwidth
is available on the short path via PE-2, the longer path via PE-5 and PE-4 is taken, as shown in Figure 17:
Paths from PE-1 to PE-3.
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Figure 17: Paths from PE-1 to PE-3
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Initially, the default BC model, which is MAM, is enabled. Different LSPs are created with different class
type and priority. When an LSP is established, the bandwidth reservation is verified on the interfaces
of PE-1. The same LSPs are later established for the second BC model, RDM, where the bandwidth
reservation is more efficient. For simplicity, FRR is not enabled on the LSPs.

38585

Maximum Allocation Model

Enable DiffServ MAM

The DiffServ TE configuration must be consistent on all the nodes in the setup. In this example, DiffServ
TE is configured as follows:

# on PE-1:
configure {
router "Base" {
rsvp {
diffserv-te {

admission-control-model mam

class-type-bw {
cto 50
ctl 40
ct7 10

)

te-class 0 {
class-type 0
priority 7

)

te-class 1 {
class-type 0
priority 4

)

te-class 2 {
class-type 1
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priority 7

}

te-class 3 {
class-type 1
priority 4

}

te-class 4 {
class-type 2
priority 7

}

te-class 5 {
class-type 2

priority 2

)

fc af {
class-type 1

)

fc be {
class-type 0

)

fc nc {
class-type 2

}

}
The sum of bandwidth percentages can be lower than, but must not exceed 100%, as follows:

A:admin@PE-1# configure {
router "Base" {
rsvp {
diffserv-te {
admission-control-model mam
class-type-bw {
cto 50
ctl 50
ct7 10

}
MINOR: RSVP #1005: configure router "Base" rsvp diffserv-te class-type-bw ct® - Invalid

operation for RSVP instance - Total CT percent exceeds 100

Fewer than eight classes can be configured, as in this example.

In the example, only three CTs are used by the TE classes: CT0, CT1, and CT2. However, 10% of the
maximum reservable bandwidth is allocated to CT7. Because the MAM model does not allow bandwidth
allocated to a CT to be used by other CTs, only 90% of the bandwidth can be reserved: 50% to be divided
between TEO and TE1, and 40% to be divided between TE2 and TE3. TE4 and TE5 do not have any
bandwidth allocated. The bandwidth allocated to CT7 is completely wasted. This is just an example, not a
recommendation.

The same settings are repeated in the RDM model, where the bandwidth is not wasted. The following
bandwidth information can be seen on any interface:

[/]
A:admin@PE-1# show router rsvp interface "int-PE-1-PE-2" detail

RSVP Interface (Detailed) : int-PE-1-PE-2

© 2025 Nokia.
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Percent Link Bandwidth for Class Types*

Link Bw CTO : 50 Link Bw
Link Bw CT1 1 40 Link Bw
Link Bw CT2 : 0 Link Bw
Link Bw CT3 : 0 Link Bw
Bandwidth Constraints for Class Types (Kbps)
BCO : 5000000 BC4

BC1 : 4000000 BC5

BC2 1 0 BC6

BC3 1 0 BC7
Bandwidth for TE Class Types (Kbps)

TEO-> Resv. Bw : 0 Unresv.
TE1l-> Resv. Bw : 0 Unresv.
TE2-> Resv. Bw : 0 Unresv.
TE3-> Resv. Bw : 0 Unresv.
TE4-> Resv. Bw : 0 Unresv.
TE5-> Resv. Bw : 0 Unresv.
TE6-> Resv. Bw : 0 Unresv.
TE7-> Resv. Bw : 0 Unresv.
---snip---

CT4
CT5
CT6
CT7

Bw
Bw
Bw
Bw
Bw
Bw
Bw
Bw

HoOoOoOo

: 0
: 0
: 0

1

000000

: 5000000
: 5000000
: 4000000
: 4000000
1 0

: 0
: 0
: 0

Figure 18: MAM bandwidth allocation shows the bandwidth allocation for the CTs and TE classes.

Figure 18: MAM bandwidth allocation

Maximum reservable bandwidth

Establishing LSPs

TE class 5 corresponds to CT2 and priority 2. No bandwidth can be reserved for an RSVP LSP with CT2,
setup priority 2, and hold priority 2. This can be verified by configuring an empty path and an LSP, as

follows:

# on PE-1:
configure {
router "Base" {
mpls {
path "dyn" {
admin-state enable
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}

lsp "LSP-PE-1-PE-3-TE5" {
admin-state enable

type p2p-rsvp
to 192.0.2.3
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class-type 2
path-computation-method local-cspf
primary "dyn" {
bandwidth 16000
priority {
setup-priority 2
hold-priority 2
}

The path computation method must be local CSPF. The class type is by default CTO, but can be changed
to CT2 by configuration. The class type can be configured in the Isp context, as shown here, or in the
primary path context. The setup priority and hold priority are configured in the primary path context.

The LSP cannot be established, because no bandwidth is allocated to TE class 5, as follows:

[/1]
A:admin@PE-1# show router mpls lsp "LSP-PE-1-PE-3-TE5" path detail | match "Failure Code"
Failure Code : noCspfRouteToDestination

No bandwidth is reserved on the RSVP interfaces, as follows:

[/1]
A:admin@PE-1# show router rsvp interface

RSVP Interfaces

Interface Total Active Total BW Resv BW Adm Opr
Sessions Sessions (Mbps) (Mbps)

system - - - - Up Up

int-PE-1-PE-2 0 0 10000 0 Up Up

int-PE-1-PE-5 0 0 10000 0 Up Up

Interfaces : 3

Bandwidth can be reserved for an LSP with CT1 and priorities 4, as for the following LSP:

# on PE-1:
configure {
router "Base" {
mpls {
lsp "LSP-PE-1-PE-3-TE3" {
admin-state enable
type p2p-rsvp
to 192.0.2.3
path-computation-method local-cspf
primary "dyn" {
bandwidth 2000
class-type 1
priority {
setup-priority 4
hold-priority 4
}

In the example, the CT is configured in the primary path context whereas the CT in the previous example
was configured in the Isp context.
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The path is set up via PE-2 to PE-3, as follows:

[/1]

A:admin@PE-1# show router mpls lsp "LSP-PE-1-PE-3-TE3" path detail

MPLS LSP LSP-PE-1-PE-3-TE3 Path (Detail)

Legend :
@ - Detour Available
Bandwidth Protected

Soft Preemption
Strict

>0nun o

ABR

# - Detour In Use
n - Node Protected

L - Loose
+ - Inherited

LSP LSP-PE-1-PE-3-TE3

Path dyn
LSP Name : LSP PE-1-PE-3-TE3
From : 192.0.2.1
To : 192.0.2.3
Admin State : Up Oper State : Up
Path Name : dyn
Path LSP ID : 55296 Path Type : Primary
Path Admin : Up Path Oper : Up
Out Interface : 1/1/cl/1 Out Label : 524287
---snip---
Actual Hops
192.168.12. 1(192 0.2.1) Record Label : N/A
-> 192.168.12.2(192.0.2.2) Record Label 1 524287
-> 192.168.23.2(192.0.2.3) Record Label 1 524287
---snip---
Bandwidth is reserved in TE class 3, as follows:
[/]
A:admin@PE-1# show router rsvp interface "int-PE-1-PE-2" detail
RSVP Interface (Detailed) : int-PE-1-PE-2
Interface int-PE-1-PE-2
---snip---
Bandwidth for TE Class Types (Kbps)
TEO-> Resv. Bw 0 Unresv. Bw : 5000000
TE1l-> Resv. Bw 0 Unresv. Bw : 5000000
TE2-> Resv. Bw 0 Unresv. Bw : 2000000
TE3-> Resv. Bw 2000000 Unresv. Bw : 2000000
TE4-> Resv. Bw : 0 Unresv. Bw : 0
TE5-> Resv. Bw : 0 Unresv. Bw : 0
TE6-> Resv. Bw 0 Unresv. Bw : 0
TE7-> Resv. Bw 0 Unresv. Bw : 0
---snip---

Figure 19: Reserved and unreserved bandwidth shows the bandwidth reservation for CT1 on interface int-

PE-1-PE-2 on PE-1 and on interface int-PE-2-PE-3 on PE-2.
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Figure 19: Reserved and unreserved bandwidth

CT1 CTo
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An additional LSP is configured with CT1 and priority 4 and with CTO as backup CT. The backup CT is not
used when the amount of unreserved bandwidth for CT1 is insufficient, as in the following case where int-
PE-1-PE-2 and int-PE-1-PE-5 have insufficient unreserved bandwidth for CT1:

# on PE-1:
configure {
router "Base" {
mpls {
lsp "LSP-PE-1-PE-3-TE3-backupTE1l" {
admin-state enable
type p2p-rsvp
to 192.0.2.3
path-computation-method local-cspf
primary "dyn" {
bandwidth 5000
class-type 1
backup-class-type 0
priority {
setup-priority 4
hold-priority 4
}

The LSP does not come up, as follows:

[/]
A:admin@PE-1# show router mpls lsp

MPLS LSPs (Originating)

LSP Name Tun Fastfail Adm Opr
To Id Config

LSP-PE-1-PE-3-TE5 3 No Up  Dwn
192.0.2.3

LSP-PE-1-PE-3-TE3 4 No Up Up
192.0.2.3

LSP-PE-1-PE-3-TE3-backupTEl 5 No Up Dwn
192.0.2.3

LSPs 3

The bandwidth requirement is lowered, as follows:

# on PE-1:
configure {
router "Base" {
mpls {
lsp "LSP-PE-1-PE-3-TE3-backupTE1l" {
primary "dyn" {
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bandwidth 2500

}

Interface int-PE-1-PE-2 does not have sufficient bandwidth for CT1, but the longer path via PE-5 and PE-4
has sufficient unreserved bandwidth for CT1. The LSP is operationally up, as follows:

[/]
A:admin@PE-1# show router mpls lsp "LSP-PE-1-PE-3-TE3-backupTE1l" path detail

MPLS LSP LSP-PE-1-PE-3-TE3-backupTEl Path (Detail)

Legend :
@ - Detour Available # - Detour In Use
b - Bandwidth Protected n - Node Protected
s - Soft Preemption
S - Strict L - Loose
A - ABR + - Inherited

LSP LSP-PE-1-PE-3-TE3-backupTEl

Path dyn
LSP Name : LSP-PE-1-PE-3-TE3-backupTEl
From 1 192.0.2.1
To 1 192.0.2.3
Admin State : Up Oper State : Up
Path Name : dyn
Path LSP ID 1 32256 Path Type : Primary
Path Admin : Up Path Oper : Up
Out Interface : 1/1/cl/2 Out Label 1 524287
---snip---
Setup Priority 4 Oper SetupPriority: 4
Hold Priority 4 Oper HoldPriority : 4
Class Type 1 Oper CT 1
Backup CT 0
---snip---
Actual Hops :
192.168.15.1(192.0.2.1) Record Label : N/A
-> 192.168.15.2(192.0.2.5) Record Label 1 524287
-> 192.168.45.1(192.0.2.4) Record Label 1 524287
-> 192.168.34.1(192.0.2.3) Record Label : 524286

---snip---

The bandwidth reservation on RSVP interface int-PE-1-PE-2 remains unchanged, because the bandwidth
is reserved on int-PE-1-PE-5, as follows:

[/1]
A:admin@PE-1# show router rsvp interface "int-PE-1-PE-5" detail

RSVP Interface (Detailed) : int-PE-1-PE-5

Interface : int-PE-1-PE-5
Port ID 1 1/1/cl/2
---snip---

Percent Link Bandwidth for Class Types*
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Link Bw CTO : 50 Link Bw
Link Bw CT1 1 40 Link Bw
Link Bw CT2 : 0 Link Bw
Link Bw CT3 : 0 Link Bw
Bandwidth Constraints for Class Types (Kbps)
BCO : 5000000 BC4

BC1 : 4000000 BC5

BC2 1 0 BC6

BC3 1 0 BC7
Bandwidth for TE Class Types (Kbps)

TEO-> Resv. Bw : 0 Unresv.
TE1-> Resv. Bw : 0 Unresv.
TE2-> Resv. Bw : 0 Unresv.
TE3-> Resv. Bw : 2500000 Unresv.
TE4-> Resv. Bw : 0 Unresv.
TE5-> Resv. Bw : 0 Unresv.
TE6-> Resv. Bw : 0 Unresv.
TE7-> Resv. Bw : 0 Unresv.
---snip---

CT4
CT5
CT6
CT7

: 0
: 0
: 0

1

Bw
Bw
Bw
Bw
Bw
Bw
Bw
Bw

HOOO®

000000

: 5000000
: 5000000
: 1500000
: 1500000
1 0

: 0
: 0
: 0

Figure 20: Reserved and unreserved bandwidth on PE-1 shows the reserved and unreserved bandwidth

on the RSVP interfaces on PE-1.

Figure 20: Reserved and unreserved bandwidth on PE-1

Trigger backup class-type
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40%
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This mechanism is described for MAM, but it is also supported in RDM.

On PE-1, port 1/1/c1/2 is shut down. The long path via PE-5 and PE-4 can no longer be used. However,

the LSP has a backup CT (CTO0), which is triggered by the port being down, as follows:

# on PE-1:
configure {

port 1/1/cl/2 {

}

[/1

A:admin@PE-1# show router mpls lsp "LSP-PE-1-PE-3-TE3-backupTE1l" path detail

admin-state disable

MPLS LSP LSP-PE-1-PE-3-TE3-backupTE1l Path

(Detail)
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Legend :

@ - Detour Available # - Detour In Use

b - Bandwidth Protected n - Node Protected

s - Soft Preemption

S - Strict L - Loose

A - ABR + - Inherited
LSP LSP-PE-1-PE-3-TE3-backupTEl
Path dyn
LSP Name LSP PE-1-PE-3-TE3-backupTEl
From 1 192.0.2.1
To 1 192.0.2.3
Admin State : Up Oper State : Up
Path Name : dyn
Path LSP ID 1 32258 Path Type : Primary
Path Admin : Up Path Oper : Up
Out Interface 1/1/cl/1 Out Label 1 524286
---snip---
Setup Priority 4 Oper SetupPriority: 4
Hold Priority 4 Oper HoldPriority : 4
Class Type 1 Oper CT : 0
Backup CT 0
---snip---

Actual Hops

192.168.12.1(1

-> 192.168.12.2(
-> 192.168.23.2(
---snip---

Record Labe
Record Labe
Record Labe

1
1
1

: N/A
: 524286
: 524286

The bandwidth for this LSP is reserved in TE class 1, as follows:

[/1

A:admin@PE-1# show router rsvp interface "int-PE-1-PE-2" detail

RSVP Interface (Detailed)

: int-PE-1-PE-2

Interface int-PE-1-PE-2

Interface : int-PE-1-PE-2

Port ID : 1/1/cl/1

Admin State : Up Oper State
Active Sessions 2 Active Resvs
Total Sessions : 2

---snip---

Bandwidth for TE Class Types (Kbps)

TEO-> Resv. Bw HC) Unresv. Bw
TE1-> Resv. Bw : 2500000 Unresv. Bw
TE2-> Resv. Bw HC) Unresv. Bw
TE3-> Resv. Bw : 2000000 Unresv. Bw
TE4-> Resv. Bw HC) Unresv. Bw
TE5-> Resv. Bw HC) Unresv. Bw
TE6-> Resv. Bw HC) Unresv. Bw
TE7-> Resv. Bw HC) Unresv. Bw
---snip---

: 2500000
: 2500000
: 2000000
: 2000000
: 0

;0
;0
1 0

Figure 21: Bandwidth reservation shows the bandwidth reservation on interface int-PE-1-PE-2. The
bandwidth reservation on interface int-PE-2-PE-3 on PE-2 is identical.
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Figure 21: Bandwidth reservation

CT1 CTo int-PE-1-PE-2

10% 40% 50%
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The preceding examples illustrate that bandwidth can be wasted in the MAM model. The bandwidth
allocated to CT7 cannot be used because there is no TE class configured with CT7. The bandwidth cannot
be shared between CTs. The next section describes how the same LSPs are used in the RDM model. They

are established one-by-one and, therefore, they are shut down, as follows:

# on PE-1:
configure {
port 1/1/cl/2 {
admin-state enable
)

router "Base" {
mpls {
lsp "LSP-PE-1-PE-3-TE5" {
admin-state disable

¥
lsp "LSP-PE-1-PE-3-TE3" {
admin-state disable

¥
lsp "LSP-PE-1-PE-3-TE3-backupTE1l" {
admin-state disable

}

Russian Doll Model

Enable DiffServ RDM

The DiffServ TE configuration needs to be consistent on all the nodes in the network, as follows:

# on PE-1:
configure {
router "Base" {
rsvp {
diffserv-te {
admission-control-model rdm
class-type-bw {
ctod 50
ctl 40
ct7 10
}
te-class 0 {
class-type 0
priority 7
}
te-class 1 {
class-type 0
priority 4
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te-class 2 {
class-type 1
priority 7

}

te-class 3 {
class-type 1
priority 4

}

te-class 4 {
class-type 2
priority 7

}

te-class 5 {
class-type 2

priority 2

}

fc af {
class-type 1

}

fc be {
class-type 0

}

fc nc {
class-type 2

}

}

In this example, three FCs are mapped to CTs. FC BE corresponds to CTO, FC AF to CT1, and FC NC
to CT2. CTO can be mapped to TE class 0 for priority 7, and to TE class 1 for priority 4. The mapping is
similar for CT1 (with priorities 7 and 4), and CT2 (with priorities 7 or 2).

The RDM model allows the outer dolls (lower CT) to use the unused bandwidth allocated to the inner dolls
(higher CT), as shown in Figure 22: Russian Doll Model for three class types.

Figure 22: Russian Doll Model for three class types

0% 10% 50% 100%

CcT17 T CTo

>
BC7

BC1

BCO
25856

The calculation of the BCs takes into account the BCs of the inner dolls, as shown in the OSPF LSAs in the
opaque database, as follows:

[/1]
A:admin@PE-1# show router ospf opaque-database adv-router 192.0.2.1 detail

Rtr Base 0SPFv2 Instance 0 Opaque Link State Database (type: All) (detail)
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Area Id : 0.0.0.0 Adv Router Id 1 192.0.2.1
Link State Id :1.0.0.1 LSA Type : Area Opaque
Sequence No : Ox80000003 Checksum 1 0x9035

Age 1 23 Length 1 28

Options H =

Advertisement : Traffic Engineering

ROUTER-ID TLV (0001) Len 4 : 192.0.2.1

Opaque LSA
Area Id : 0.0.0.0 Adv Router Id 1 192.0.2.1
Link State Id :1.0.0.2 LSA Type : Area Opaque
Sequence No : 0x80000023 Checksum 1 0x302
Age 71 Length : 164
Options H =
Advertisement : Traffic Engineering
LINK INFO TLV (0002) Len 140 :
Sub-TLV: 1 Len: 1 LINK TYPE H |
Sub-TLV: 2 Len: 4 LINK ID 1 192.0.2.2
Sub-TLV: 3 Len: 4 LOC IP ADDR : 192.168.12.1
Sub-TLV: 4 Len: 4 REM IP ADDR : 192.168.12.2
Sub-TLV: 5 Len: 4 TE_METRIC : 10
Sub-TLV: 6 Len: 4 MAX_ BDWTH : 10000000 Kbps
Sub-TLV: 7 Len: 4 RSRVBL BDWTH : 10000000 Kbps
Sub-TLV: 8 Len: 32 UNRSRVD CLSO :
PO: 10000000 Kbps P1l: 10000000 Kbps P2: 5000000 Kbps P3: 5000000 Kbps
P4: 1000000 Kbps P5: 1000000 Kbps P6: 0 Kbps P7: 0 Kbps
Sub-TLV: 9 Len: 4 ADMIN GROUP : 0 None

Sub-TLV: 17 Len: 36 TELK BW CONST:
BW Model : RDM
BCO: 10000000 Kbps BC1l: 5000000 Kbps BC2: 1000000 Kbps BC3: 1000000 Kbps
BC4: 1000000 Kbps BC5: 1000000 Kbps BC6: 1000000 Kbps BC7: 1000000 Kbps
---snip---

Six TE classes are defined:

» TEO and TE1 are defined for CT0. They can reserve all the available bandwidth, if it is not required by

the other TE classes (100% = 50% for CTO + 40% for CT1 + 10% for CT7)

» TE2 and TE3 are defined for CT1. They can reserve 50% of the bandwidth (50% = 40% for CT1 + 10%

for CT7)

» TE4 and TES are defined for CT2. They can reserve 10% of the bandwidth, even though the configured
bandwidth percentage for CT2 is 0. The 10% allocated to higher class CT7 can be used.

Bandwidth is more efficiently used in RDM than in MAM.

The BCs and bandwidth per TE class type show that bandwidth can be shared with the outer dolls, as

follows:

[/1]
A:admin@PE-1# show router rsvp interface "int-PE-1-PE-2" detail

RSVP Interface (Detailed) : int-PE-1-PE-2

Interface : int-PE-1-PE-2

Port ID i 1/1/cl/1

Admin State : Up Oper State : Up

Active Sessions 1 0 Active Resvs 1 0
3HE 20797 AAAE TQZZA ©2025 Nokia.

Use subject to Terms available at: www.nokia.com/terms.

127



MPLS Advanced Configuration Guide for MD CLI

Releases up to 25.7.R2 DiffServ Traffic Engineering

Total Sessions : 0

Subscription : 100 % Port Speed : 10000 Mbps
Total BW : 10000 Mbps Aggregate : Dsabl
---snip---

Percent Link Bandwidth for Class Types*

Link Bw CTO : 50 Link Bw CT4 : 0

Link Bw CT1 1 40 Link Bw CT5 1 0

Link Bw CT2 : 0 Link Bw CT6 : 0

Link Bw CT3 : 0 Link Bw CT7 : 10
Bandwidth Constraints for Class Types (Kbps)

BCO : 10000000 BC4 : 1000000
BC1 : 5000000 BC5 : 1000000
BC2 : 1000000 BC6 : 1000000
BC3 : 1000000 BC7 : 1000000
Bandwidth for TE Class Types (Kbps)

TEO-> Resv. Bw 1 0 Unresv. Bw : 10000000
TE1-> Resv. Bw 1 0 Unresv. Bw : 10000000
TE2-> Resv. Bw 1 0 Unresv. Bw : 5000000
TE3-> Resv. Bw 1 0 Unresv. Bw : 5000000
TE4-> Resv. Bw 1 0 Unresv. Bw : 1000000
TE5-> Resv. Bw 1 0 Unresv. Bw : 1000000
TE6-> Resv. Bw 1 0 Unresv. Bw 1 0

TE7-> Resv. Bw 1 0 Unresv. Bw 1 0

---snip---

Establishing LSPs

LSP-PE-1-PE-3-TE5 could not be established in the MAM model, because there was no bandwidth
assigned to TE5 (CT2). However, in the RDM model, TE5 can use the bandwidth of the inner doll CT7 and
the LSP is operationally up, as follows:

# on PE-1:
configure {
router "Base" {
mpls {
lsp "LSP-PE-1-PE-3-TE5" {
admin-state enable
}

[/]
A:admin@PE-1# show router mpls lsp "LSP-PE-1-PE-3-TE5" path detail

MPLS LSP LSP-PE-1-PE-3-TE5 Path (Detail)

Legend :
@ - Detour Available # - Detour In Use
b - Bandwidth Protected n - Node Protected
s - Soft Preemption
S - Strict L - Loose
A - ABR + - Inherited

LSP LSP-PE-1-PE-3-TE5
Path dyn

LSP Name : LSP-PE-1-PE-3-TE5
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From 1 192.0.2.1
To : 192.0.2.3
Admin State : Up Oper State : Up
Path Name : dyn
Path LSP ID 1 6144 Path Type : Primary
Path Admin : Up Path Oper : Up
Out Interface : 1/1/cl/1 Out Label 1 524287
---snip---
Setup Priority 2 Oper SetupPriority: 2
Hold Priority 2 Oper HoldPriority : 2
Class Type : 2 Oper CT : 2
Backup CT None
---snip---
Actual Hops :
192.168.12.1(192.0.2.1) Record Label : N/A
-> 192.168.12.2(192.0.2.2) Record Label 1 524287
-> 192.168.23.2(192.0.2.3) Record Label 1 524287

---snip---

The bandwidth reservation on interface int-PE-1-PE-2 is as follows:

[/]
A:admin@PE-1# show router rsvp interface "int-PE-1-PE-2" detail

RSVP Interface (Detailed) : int-PE-1-PE-2

---snip---

Percent Link Bandwidth for Class Types*

Link Bw CTO : 50 Link Bw CT4 : 0

Link Bw CT1 : 40 Link Bw CT5 1 0

Link Bw CT2 : 0 Link Bw CT6 1 0

Link Bw CT3 : 0 Link Bw CT7 10
Bandwidth Constralnts for Class Types (Kbps)

BCO : 10000000 BC4 : 1000000
BC1 : 5000000 BC5 : 1000000
BC2 : 1000000 BC6 : 1000000
BC3 : 1000000 BC7 : 1000000
Bandwidth for TE Class Types (Kbps)

TEO-> Resv. Bw 0 Unresv. Bw : 9000000
TE1-> Resv. Bw HC) Unresv. Bw : 9000000
TE2-> Resv. Bw HC) Unresv. Bw : 4000000
TE3-> Resv. Bw HC) Unresv. Bw : 4000000
TE4-> Resv. Bw HC) Unresv. Bw ;0

TE5-> Resv. Bw : 1000000 Unresv. Bw H )

TE6-> Resv. Bw HC) Unresv. Bw ;0

TE7-> Resv. Bw HC) Unresv. Bw ;0

---snip---

This LSP uses all the available bandwidth for CT7. Because TES is defined with the best priority (2) of all
TE classes, this LSP is not preempted when a new LSP is enabled. Therefore, this bandwidth is subtracted
from the amount of unreserved bandwidth. The remaining unreserved bandwidth is for CTO and CT1 only.
LSPs with other CTs cannot be established on this interface. Figure 23: Reserved bandwidth for LSP with
CT2 (one session) shows the reserved bandwidth on interface int-PE-1-PE-2 for this LSP.
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Figure 23: Reserved bandwidth for LSP with CT2 (one session)
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Another LSP is established: LSP-PE-1-PE-3-TE3, with CT1 and priority 4, as follows:

# on PE-1:
configure {
router "Base" {
mpls {
lsp "LSP-PE-1-PE-3-TE3" {
admin-state enable
}

[/]
A:admin@PE-1# show router mpls lsp "LSP-PE-1-PE-3-TE3" path detail

MPLS LSP LSP-PE-1-PE-3-TE3 Path (Detail)

Legend :
@ - Detour Available # - Detour In Use
b - Bandwidth Protected n - Node Protected
s - Soft Preemption
S - Strict L - Loose
A - ABR + - Inherited

LSP LSP-PE-1-PE-3-TE3

Path dyn
LSP Name : LSP-PE-1-PE-3-TE3
From 1 192.0.2.1
To : 192.0.2.3
Admin State : Up Oper State : Up
Path Name : dyn
Path LSP ID : 55298 Path Type : Primary
Path Admin : Up Path Oper : Up
Out Interface : 1/1/cl/1 Out Label : 524286
---snip---
Setup Priority 4 Oper SetupPriority: 4
Hold Priority : 4 Oper HoldPriority : 4
Class Type 1 Oper CT 1
Backup CT None
---snip---
Actual Hops :
192.168.12.1(192.0.2.1) Record Label : N/A
-> 192.168.12.2(192.0.2.2) Record Label : 524286
-> 192.168.23.2(192.0.2.3) Record Label : 524286

---snip---

The bandwidth reservation on RSVP interface int-PE-1-PE-2 is as follows:

[/1]
A:admin@PE-1# show router rsvp interface "int-PE-1-PE-2" detail
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RSVP Interface (Detailed) : int-PE-1-PE-2

Interface : int-PE-1-PE-2

Port ID : 1/1/cl/1

Admin State : Up Oper State : Up
Active Sessions : 2 Active Resvs : 2

Total Sessions 2

---snip---

Bandwidth Constraints for Class Types (Kbps)

BCO : 10000000 BC4 : 1000000
BC1 : 5000000 BC5 : 1000000
BC2 : 1000000 BC6 : 1000000
BC3 : 1000000 BC7 : 1000000
Bandwidth for TE Class Types (Kbps)

TEO-> Resv. Bw : 0 Unresv. Bw : 7000000
TE1l-> Resv. Bw : 0 Unresv. Bw : 7000000
TE2-> Resv. Bw : 0 Unresv. Bw : 2000000
TE3-> Resv. Bw : 2000000 Unresv. Bw : 2000000
TE4-> Resv. Bw : 0 Unresv. Bw : 0

TE5-> Resv. Bw : 1000000 Unresv. Bw : 0

TE6-> Resv. Bw : 0 Unresv. Bw : 0

TE7-> Resv. Bw : 0 Unresv. Bw : 0
---snip---

Figure 24: Bandwidth reservation for LSP with CT2 and LSP with CT1 (two sessions) shows the bandwidth
reservation for the two active sessions.

Figure 24: Bandwidth reservation for LSP with CT2 and LSP with CT1 (two sessions)
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Another LSP is established for CT1, requesting more bandwidth than the short path via PE-2 has available.
Therefore, the longer path via PE-5 and PE-4 is set up for this LSP, as follows:

# on PE-1:
configure {
router "Base" {
mpls {
lsp "LSP-PE-1-PE-3-TE3-backupTE1l" {
admin-state enable
}

[/]
A:admin@PE-1# show router mpls lsp "LSP-PE-1-PE-3-TE3-backupTE1l" path detail

MPLS LSP LSP-PE-1-PE-3-TE3-backupTEl Path (Detail)

Legend :
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@ Detour Available - Detour In Use
b Bandwidth Protected - Node Protected
S Soft Preemption
S - Strict L - Loose
A - ABR + - Inherited
LSP LSP-PE-1-PE-3-TE3-backupTEl
Path dyn
LSP Name LSP PE-1-PE-3-TE3-backupTEl
From 1 192.0.2.1
To 1 192.0.2.3
Admin State : Up Oper State : Up
Path Name : dyn
Path LSP ID 1 32260 Path Type : Primary
Path Admin : Up Path Oper : Up
Out Interface 1/1/c1/2 Out Label 1 524287
---snip---
Setup Priority 4 Oper SetupPriority: 4
Hold Priority 4 Oper HoldPriority : 4
Class Type 1 Oper CT 1
Backup CT 0
---snip---
Actual Hops :
192.168.15.1(192.0.2.1) Record Label : N/A
-> 192.168.15.2(192.0.2.5) Record Label 1 524287
-> 192.168.45.1(192.0.2.4) Record Label 1 524287
-> 192.168.34.1(192.0.2.3) Record Label 1 524285

---snip---

The bandwidth for this LSP is reserved on interface int-PE-1-PE-5, because the amount of unreserved
bandwidth for TE3 is insufficient and inner dolls cannot use bandwidth assigned to outer dolls. Inner dolls
are of higher priority than outer dolls, as follows:

[/1

A:admin@PE-1# show router rsvp interface "int-PE-1-PE-5" detail

RSVP Interface (Detailed)

: int-PE-1-PE-5

Interface int-PE-1-PE-5
---snip---
Bandwidth Constralnts for Class Types (Kbps)
BCO : 10000000 BC4
BC1 : 5000000 BC5
BC2 : 1000000 BC6
BC3 1000000 BC7
Bandwidth for TE Class Types (Kbps)
TEO-> Resv. Bw 0 Unresv. Bw
TE1l-> Resv. Bw HC) Unresv. Bw
TE2-> Resv. Bw 0 Unresv. Bw
TE3-> Resv. Bw : 2500000 Unresv. Bw
TE4-> Resv. Bw HC) Unresv. Bw
TE5-> Resv. Bw HC) Unresv. Bw
TE6-> Resv. Bw HC) Unresv. Bw
TE7-> Resv. Bw 0 Unresv. Bw
---snip---
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Figure 25: Reserved bandwidth on both interfaces of PE-1 (three sessions) shows the reserved bandwidth
on both interfaces of PE-1.

Figure 25: Reserved bandwidth on both interfaces of PE-1 (three sessions)
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The following LSP is configured on PE-1:

# on PE-1:
configure {
router "Base" {
mpls {
lsp "LSP-PE-1-PE-3-TE1" {
admin-state enable
type p2p-rsvp
to 192.0.2.3
path-computation-method local-cspf
primary "dyn" {
bandwidth 3000
priority {
setup-priority 4
hold-priority 4
}

The class type is by default 0. CTO and priority 4 corresponds to TE1. There is sufficient bandwidth
available on the short path via PE-2. The bandwidth reservation on RSVP interface int-PE-1-PE-2 is as
follows:

[/]
A:admin@PE-1# show router rsvp interface "int-PE-1-PE-2" detail

RSVP Interface (Detailed) : int-PE-1-PE-2

---snip---
Bandwidth for TE Class Types (Kbps)
TEO-> Resv. Bw 0 Unresv. Bw : 4000000
TE1l-> Resv. Bw : 3000000 Unresv. Bw : 4000000
TE2-> Resv. Bw 0 Unresv. Bw : 2000000
TE3-> Resv. Bw : 2000000 Unresv. Bw : 2000000
TE4-> Resv. Bw 0 Unresv. Bw 0
TE5-> Resv. Bw : 1000000 Unresv. Bw 0
TE6-> Resv. Bw 0 Unresv. Bw 0
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TE7-> Resv. Bw : 0 Unresv. Bw : 0
---snip---

None of the established LSPs can be preempted. Therefore, the sum of the reserved and unreserved
bandwidth does not exceed the total bandwidth.

Figure 26: Reserved bandwidth on both interfaces on PE-1 (four sessions) shows the bandwidth
reservation on both interfaces.

Figure 26: Reserved bandwidth on both interfaces on PE-1 (four sessions)
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The following LSP with CTO and priority 7 is configured on PE-1:

# on PE-1:
configure {
router "Base" {
mpls {
lsp "LSP-PE-1-PE-3-TEQ" {
admin-state enable
type p2p-rsvp
to 192.0.2.3
path-computation-method local-cspf
primary "dyn" {
bandwidth 4000
priority {
setup-priority 7
hold-priority 7
}

The bandwidth is reserved in TE class 0. There is sufficient bandwidth on the short path to PE-3. The
bandwidth is now reserved for 100%, as follows:

[/1]
A:admin@PE-1# show router rsvp interface

RSVP Interfaces

Interface Total Active Total BW Resv BW Adm Opr
Sessions Sessions (Mbps) (Mbps)

system - - - - Up Up

int-PE-1-PE-2 4 4 10000 10000 Up Up

int-PE-1-PE-5 1 1 10000 2500 Up Up

Interfaces : 3
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The bandwidth reservation on int-PE-1-PE-2 is as follows:

[/]
A:admin@PE-1# show router rsvp interface "int-PE-1-PE-2" detail

RSVP Interface (Detailed) : int-PE-1-PE-2

---snip---

Percent Link Bandwidth for Class Types*

Link Bw CTO : 50 Link Bw CT4 1 0

Link Bw CT1 : 40 Link Bw CT5 1 0

Link Bw CT2 : 0 Link Bw CT6 1 0

Link Bw CT3 : 0 Link Bw CT7 10
Bandwidth Constraints for Class Types (Kbps)

BCO : 10000000 BC4 : 1000000
BC1 : 5000000 BC5 : 1000000
BC2 : 1000000 BC6 : 1000000
BC3 : 1000000 BC7 : 1000000
Bandwidth for TE Class Types (Kbps)

TEO-> Resv. Bw 4000000 Unresv. Bw ;0

TE1-> Resv. Bw : 3000000 Unresv. Bw : 4000000
TE2-> Resv. Bw HC) Unresv. Bw ;0

TE3-> Resv. Bw : 2000000 Unresv. Bw : 2000000
TE4-> Resv. Bw HC) Unresv. Bw ;0

TE5-> Resv. Bw : 1000000 Unresv. Bw ;0

TE6-> Resv. Bw HC) Unresv. Bw ;0

TE7-> Resv. Bw HC) Unresv. Bw ;0
---snip---

Even though the sum of the reserved bandwidth equals the maximum reservable bandwidth on the link,
there is still unreserved bandwidth for specific TE classes. When an additional LSP is established requiring
bandwidth in TE3 or TE1 (which have setup priority 4), it can preempt another LSP with a lower hold
priority. LSPs requiring bandwidth in TE class TE2 have a setup priority 7 and cannot preempt any other
LSP. The setup priority in TE1 and TES is 4, which is higher than the hold priority in TE2 and TEO (7 is the
lowest priority). There are no LSPs in TE2, so the only LSPs to preempt have bandwidth reserved in TEO.

Figure 27: Reserved bandwidth on both interfaces of PE-1 (five sessions) shows the bandwidth reservation
on the interfaces of PE-1.
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Figure 27: Reserved bandwidth on both interfaces of PE-1 (five sessions)
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Preemption
The following LSP is configured with CT1, setup priority 4, and hold priority 4, which corresponds to TE
class 3:
# on PE-1:

configure {
router "Base" {
mpls {
lsp "LSP-PE-1-PE-3-TE3-2nd" {
admin-state enable
type p2p-rsvp
to 192.0.2.3
class-type 1
path-computation-method local-cspf
primary "dyn" {
bandwidth 750
priority {
setup-priority 4
hold-priority 4

}

Because the setup priority 4 exceeds the hold priority 7 of LSP-PE-1-PE-3-TEO, this LSP preempts the
existing one. The following output shows that the next hop for LSP-PE-1-PE-3-TEOQ is 192.168.15.2 (PE-5),
while the next hop for LSP-PE-1-PE-3-TE3-2nd is 192.168.12.2 (PE-2):

[/]
A:admin@PE-1# show router mpls lsp path

MPLS LSP Path

LSP Name : LSP-PE-1-PE-3-TE5
From : 192.0.2.1
To : 192.0.2.3
Adm State : Up Oper State : Up
Path Name Next Hop Type Out I/F Adm Opr
dyn
192.168.12.2 Primary 1/1/c1/1 Up Up
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LSP Name LSP-PE-1-PE-3-TE3
From 1 192.0.2.1
To 192.0.2.3
Adm State Up Oper State Up
Path Name Next Hop Type Out I/F Adm Opr
dyn
192.168.12.2 Primary 1/1/c1/1 Up Up
LSP Name LSP-PE-1-PE-3-TE3-backupTEl
From 1 192.0.2.1
To 192.0.2.3
Adm State Up Oper State Up
Path Name Next Hop Type Out I/F Adm Opr
dyn
192.168.15.2 Primary 1/1/c1/2 Up Up
LSP Name LSP-PE-1-PE-3-TE1l
From 1 192.0.2.1
To 192.0.2.3
Adm State Up Oper State Up
Path Name Next Hop Type Out I/F Adm Opr
dyn
192.168.12.2 Primary 1/1/c1/1 Up Up
LSP Name LSP-PE-1-PE-3-TEO
From 1 192.0.2.1
To 192.0.2.3
Adm State Up Oper State Up
Path Name Next Hop Type Out I/F Adm Opr
dyn
192.168.15.2 Primary 1/1/cl/2 Up Up
LSP Name LSP-PE-1-PE-3-TE3-2nd
From 1 192.0.2.1
To 192.0.2.3
Adm State Up Oper State Up
Path Name Next Hop Type Out I/F Adm Opr
dyn
192.168.12.2 Primary 1/1/c1l/1 Up Up
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The bandwidth reservation on RSVP interface int-PE-1-PE-2 is as follows:

[/1]

A:admin@PE-1# show router rsvp interface "int-PE-1-PE-2" detail

RSVP Interface (Detailed)

: int-PE-1-PE-2

---snip---
Bandwidth for TE Class Types (Kbps)

TEO->
TE1->
TE2->
TE3->
TE4->
TE5->
TE6->
TE7->

Resv.
Resv.
Resv.
Resv.
Resv.
Resv.
Resv.
Resv.

---snip---

Bw
Bw
Bw
Bw
Bw
Bw
Bw
Bw

0

: 3000000
)
: 2750000
0
: 1000000
0
)

Unresv.
Unresv.
Unresv.
Unresv.
Unresv.
Unresv.
Unresv.
Unresv.

Bw
Bw
Bw
Bw
Bw
Bw
Bw
Bw

: 3250000
: 3250000
: 1250000
: 1250000
;0

;0
;0
1 0

The bandwidth reservation on RSVP interface int-PE-1-PE-5 is as follows

[/]

A:admin@PE-1# show router rsvp interface "int-PE-1-PE-5" detail

RSVP Interface (Detailed)

: int-PE-1-PE-5

Interface int-PE-1-PE-5

---snip---

Bandwidth for TE Class Types (Kbps)

TEO-> Resv. Bw : 4000000 Unresv.
TE1-> Resv. Bw : 0 Unresv.
TE2-> Resv. Bw : 0 Unresv.
TE3-> Resv. Bw : 2500000 Unresv.
TE4-> Resv. Bw : 0 Unresv.
TE5-> Resv. Bw : 0 Unresv.
TE6-> Resv. Bw : 0 Unresv.
TE7-> Resv. Bw : 0 Unresv.
---snip---

Bw
Bw
Bw
Bw
Bw
Bw
Bw
Bw

: 3500000
: 7500000
: 2500000
: 2500000
: 1000000
: 1000000
: 0

: 0

Figure 28: Reserved bandwidth on both interfaces on PE-1 (six sessions) shows the bandwidth reservation
on both interfaces on PE-1 for the six sessions.
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Figure 28: Reserved bandwidth on both interfaces on PE-1 (six sessions)
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Preemption can also be within the same CT. An LSP with CTO and priority 4 (TE1) could have preempted
the LSP with CTO and priority 7 (TEO) equally well.

Bandwidth availability check

A tools command can be launched to verify the available bandwidth toward a node for a specific class type
(by default CTQ) and priority (by default setup priority 7 and hold priority 0). The options for this command
are as follows:

[/]
A:admin@PE-1# tools perform router mpls cspf to 192.0.2.3 ?

cspf to <IP address> [from <IP address>] [bandwidth <number>] [include-bitmap <string>]
[exclude-

bitmap <string>] [hop-limit <number>] [exclude-address <ipv4 address>] [metric-type-te]
[strict-

srlg] [srlg-group <number>] [exclude-node <ipv4 address>] [skip-interface <string>] [ds-
class-

type <number>] [cspf-reqtype <keyword>] [least-fill-min-thd <number>] [setup-priority
<number>]

[hold-priority <number>]

bandwidth
cspf-reqtype
ds-class-type
exclude-address
exclude-bitmap
exclude-node
from

hold-priority
hop-limit
include-bitmap
least-fill-min-thd
metric-type-te
setup-priority
skip-interface
srlg-group
strict-srlg

3HE 20797 AAAE TQZZA

rate-in-mbps
all|random|least-fill :
<number> - <0..7>
a.b.c.d (outbound interface)

string '<l..40 characters>'

[a.b.c.d] (outbound interface)

ipv4 address '<d.d.d.d>' or ipv6 address
"xixixixixixixix>|<x:x:x:x:x:x:d.d.d.d>)"

<number> - <0..7>

<number> - <2..255>

[0..4294967295] - accepted in decimal, hex(0x) or binary(0b)
<number> - <1..100>

This element has no values

<number> - <0..7>

[max 32 chars]

<number> - <0..4294967295>

This element has no values

keywords
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The following verifies whether an LSP can be set up from PE-1 to PE-3 requesting 100 Mb/s with CTO
(default) and both priorities equal to 4:

[/]
A:admin@PE-1# tools perform router mpls cspf to 192.0.2.3 bandwidth 100 setup-priority 4 hold-
priority 4
Req CSPF for all ECMP paths
from: this node to: 192.0.2.3 w/(DiffServ = RDM) class: 0 , setup Priority 4, Hold Priority
4 TE Class: 1

CSPF Path
To : 192.0.2.3
Path 1 : (cost 20)
Src: 192.0.2.1 (= Rtr)
Egr: 192.168.12.1 -> Ingr: 192.168.12.2 Rtr:
192.0.2.2 (met 10)
Egr: 192.168.23.1 -> Ingr: 192.168.23.2 Rtr:
192.0.2.3 (met 10)

Dst: 192.0.2.3 (= Rtr)

The short path via PE-2 has sufficient bandwidth for an LSP with these TE requirements (TE class 1 with
CTO0 and both priorities 4). This is different for TE class 5 (CT2 and priorities 2), where the bandwidth is
completely reserved. The following shows that the longer path via PE-5 and PE-4 must be taken:

[/1]
A:admin@PE-1# tools perform router mpls cspf to 192.0.2.3 bandwidth 100 ds-class-type 2 setup-
priority 2 hold-priority 2
Req CSPF for all ECMP paths
from: this node to: 192.0.2.3 w/(DiffServ = RDM) class: 2 , setup Priority 2, Hold Priority
2 TE Class: 5

CSPF Path
To 1 192.0.2.3
Path 1 : (cost 30)
Src: 192.0.2.1 (= Rtr)
Egr: 192.168.15.1 -> Ingr: 192.168.15.2 Rtr:
192.0.2.5 (met 10)
Egr: 192.168.45.2 -> Ingr: 192.168.45.1 Rtr:
192.0.2.4 (met 10)
Egr: 192.168.34.2 -> Ingr: 192.168.34.1 Rtr:
192.0.2.3 (met 10)

Dst: 192.0.2.3 (= Rtr)

This tools command can only be launched when a TE class is defined with the requested CT and priority.
An error is raised when the request cannot be fulfilled, as follows:

[/]

A:admin@PE-1# tools perform router mpls cspf to 192.0.2.3 setup-priority 5

MINOR: CLI #2005: Error while processing command - No Te class mapped to Class Type 0 , Setup
Priority 5.

[/]

A:admin@PE-1# tools perform router mpls cspf to 192.0.2.3 setup-priority 4

MINOR: CLI #2005: Error while processing command - No Te class mapped to Class Type 0 , Hold
Priority 0.
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Conclusion

DiffServ TE enforces different BCs for different classes of traffic. DiffServ TE controls overbooking and
supports preemption. Two BC models are described in this chapter: MAM and RDM.

© 2025 Nokia.

3HE 20797 AAAE TQZZA 141

Use subject to Terms available at: www.nokia.com/terms.



MPLS Advanced Configuration Guide for MD CLI

Releases up to 25.7.R2 Entropy Label

Entropy Label

This chapter provides information about the Entropy Label (EL).
Topics in this chapter include:

* Applicability

*  Overview

» Configuration

« Conclusion

Applicability

This chapter was initially written for SR OS Release 14.0.R4. The CLI in the current edition corresponds to
SR OS Release 24.3.R1.

RFC 6391 hash label or flow-aware transport label is supported in SR OS Release 8.0.R1, and later. RFC
6790 Entropy Labels (ELs) are supported on RSVP and BGP tunnels in Release 14.0.R1, and later, and
supported on LDP tunnels in Release 14.0.R4, and later.

Overview

Entropy is the degree of disorder or uncertainty in a system. SR OS supports both the MPLS EL and the
hash label, but they are mutually exclusive. These labels allow Label Switched Routers (LSRs) to load-
balance labeled packets in a granular way without the need to inspect the IPv4 or IPv6 header. The hash
label is applicable to services such as Epipe VLL, VPLS, IES (spoke-SDP), and VPRN services. The main
advantage of the EL compared to the hash label is that the EL can be applied to a wider range of services,
such as EVPN, BGP VPWS, Fpipe VLL, Ipipe VLL, H-VPLS, and BGP RFC 3107 tunnels.

Figure 29: Load-balancing of flows based on hash label or entropy label shows that different flows from an
ingress Label Edge Router (iLER) are load-balanced across different paths in the MPLS network toward
the egress Label Edge Router (eLER).
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Figure 29: Load-balancing of flows based on hash label or entropy label
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The EL is inserted below the innermost Tunnel Label (TL) in the label stack, along with the Entropy Label
Indicator (ELI), which is a special purpose MPLS label with a value of 7 to indicate that the next label

in the stack is an EL. As with the hash label, the value of the EL is calculated based on a hash of the
packet payload header (IP and Layer 4). The EL is inserted as deep as possible in the stack to ensure
preservation for as far as possible through the network. When the EL and ELI are present, load-balancing
on the transit LSRs can be configured to only take into account the EL label for Link Aggregation Group
(LAG) and Equal Cost Multi-Path (ECMP). Load-balancing on the LSR can be configured to take into
account the IP header also, but that is not required when the EL and ELI are present. The eLER removes
the EL and ELI before forwarding the packet to its final destination.

The EL requires two additional labels in the label stack, which may result in an unsupported label stack
depth in an intermediate (possibly third-party) LSR. SR OS allows control of the EL and ELI insertion and
accounting of extra labels in the tunnel table. The supported label stack depth is 12 in SR OS Release
14.0, including transport, service, hash, and OAM labels.

Figure 30: Label stack with hash label versus label stack with EL and ELI shows a comparison between a
label stack with a hash label and a label stack with an EL and ELI.

Figure 30: Label stack with hash label versus label stack with EL and ELI
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Hash labels or ELs are inserted by the iLER, based on the incoming packet header. The iLER uses a
single label to represent one or more flows, based on the hash of the incoming packet header IP and Layer
4. The hash label is a single label that is inserted at the bottom of the stack, below the service label. The
EL is inserted together with the ELI below the innermost tunnel label, but above the service label. The
entropy and hash label value is outside of the range for MPLS label values, because the most significant
bit equals 1 for entropy and hash labels and 0 for MPLS labels.

The EL is used as part of the LSR hashing algorithm for spraying packets over multi-port LAGs, ECMP,
or BGP tunnels with multiple downstream interfaces. The packet ordering is preserved because one label
is used per conversation. Hashing based on a label stack containing an EL per service will become more
granular than when based on a standard label stack alone.

Figure 31: Downstream LERSs signal EL capability to ILER shows how the eLER signals its EL capability to
the iLER.

Figure 31: Downstream LERs signal EL capability to ILER
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The Entropy Label Capability (ELC) is signaled by the eLER and indicates the ability to receive and
process the ELs. This can be advertised for LDP and RSVP. However, ELC signaling is not supported for
BGP tunnels, because no agreed standard exists in the IETF. RFC 6790 introduced the ELC BGP attribute
that can be signaled by the eLER to indicate that it supports EL. According to RFC 6790, LSRs incapable
of processing ELs must remove the ELC BGP attribute, but this requirement could not be guaranteed;
therefore, the ELC BGP attribute has been deprecated in RFC 7447.

As a workaround, at the iLER, an override of the ELC for a BGP tunnel can be manually configured. After
this ELC has been overridden, the BGP sender assumes that the receiver is capable of receiving and
processing the ELs, regardless of the signaled ELC. The iLER inserts an EL on a tunnel for which the ELC
is confirmed by the downstream peer or when the ELC is overridden by configuration.

ELC signaling can be enabled for LDP on the LERS, as follows:

# on PE-1, PE-2:
configure {
router "Base" {

ldp {
entropy-label-capability true

ELC signaling for RSVP can be enabled as follows:

# on PE-1, PE-2:
configure {
router "Base" {
rsvp {
entropy-label-capability true

As previously described, the lack of an IETF standard for BGP tunnels means that ELC is ignored by the
receiving LER, and no EL is inserted. Therefore, an override is required that assumes that the far-end LER
has ELC, and allows insertion of the EL. The override is enabled as follows:

# on PE-1, PE-2:
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configure {

router "Base" {

bgp {
override-tunnel-elc true

When the ELC is overridden for BGP, the iLER assumes that the receiver can handle the EL.

Configuration

In this section, an EVPN-VPLS is configured on PE-1 and PE-2 to illustrate LAG hashing based on EL.
Figure 32: Example topology shows the topology used for this example. Load-balancing of the traffic is
performed in the P-routers that are connected by a LAG with eight links.

Figure 32: Example topology
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The initial configuration of the PE/P-routers includes the following:

Cards, MDAs, ports

LAG with eight network links between P-3 and P-4
Router interfaces

IGP (IS-IS or OSPF)

LDP enabled on all interfaces

MPLS enabled on all interfaces. RSVP enabled.
iBGP configured with P-3 as route reflector (RR)

For the configuration of EVPN-MPLS, the BGP configuration needs to include the address family EVPN,
as follows. See chapter EVPN for MPLS Tunnels in the 7450 ESS, 7750 SR, 7950 XRS, and VSR Layer 2
Services and EVPN Advanced Configuration Guide for MD CLI for more information.

# on PE-1, PE-2:
configure {

router "Base" {
autonomous-system 64500
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bgp {
ebgp-default-reject-policy {
import false
export false

}

rapid-update {
evpn true

}

group "iBGP" {
peer-as 64500

family {
evpn true
}
}
neighbor "192.0.2.3" {
group "iBGP"

EVPN service using RSVP tunnel with EL

Figure 33: RSVP LSP "LSP-PE-1-PE-2" from PE-1 to PE-2 via P-3 and P-4 shows LSP "LSP-PE-1-PE-2"

from PE-1 to PE-2 via core routers P-3 and P-4.

Figure 33: RSVP LSP "LSP-PE-1-PE-2" from PE-1 to PE-2 via P-3 and P-4
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The LSP "LSP-PE-1-PE-2" is configured on PE-1, as follows:

# on PE-1:
configure {
router "Base" {
mpls {
path "path-PE-1-PE-2" {
admin-state enable
hop 10 {
ip-address 192.168.13.2
type strict

}
hop 20 {
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ip-address 192.168.34.2
type strict

}

hop 30 {
ip-address 192.168.24.1
type strict

}

lsp "LSP-PE-1-PE-2" {
admin-state enable
type p2p-rsvp
to 192.0.2.2
entropy-label true
primary "path-PE-1-PE-2" { }

}

The configuration for LSP "LSP-PE-2-PE-1" on PE-2 is similar.

ELC is disabled by default, and needs to be enabled for RSVP on the eLERSs, as follows:

# on PE-1, PE-2:
configure {
router "Base" {
rsvp {
entropy-label-capability true

The EL can be disabled or enabled in the mpls context on the iLER, as follows:

# on PE-1, PE-2:
configure {
router "Base" {
mpls {
entropy-label ?

entropy-label

rsvp-te - Apply entropy labels to RSVP-TE LSPs
sr-te - Apply entropy labels to SR-TE LSPs

The EL can also be disabled or enabled per LSP, as follows:

# on PE-1:
configure {
router "Base" {
mpls {
lsp "LSP-PE-1-PE-2" {
entropy-label ?

entropy-label <keyword>
<keyword> - (false|true)

By default, the EL on the LSP inherits the EL settings in the mpls context, as follows:

# On PE-1:
configure {
router "Base" {
mpls {
lsp "LSP-PE-1-PE-2" {
info detail | match "entropy-label"
entropy-label true
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When LSP templates are used, EL can be configured within the Isp-template context for single-hop and
mesh point-to-point LSPs, as follows:

# on PE-1:
configure {
router "Base" {
mpls {
lsp-template "LSPtemplatel" {
type p2p-rsvp-one-hop
entropy-label ?

entropy-label <keyword>
<keyword> - (false|true)

Entropy label for an LSP template

Warning: Modifying this element toggles
'configure router "Base" mpls lsp-template "LSPtemplatel" admin-state' automatically for

the new
value to take effect.

# on PE-1:
configure {
router "Base" {
mpls {
lsp-template "LSPtemplate2" {
type p2p-rsvp-mesh
entropy-label ?

entropy-label <keyword>
<keyword> - (false|true)

Entropy label for an LSP template

Warning: Modifying this element toggles
‘configure router "Base" mpls lsp-template "LSPtemplate2" admin-state' automatically for

the new
value to take effect.

When the EL settings are modified, the changes take effect as a result of an automatic clearing of the LSP
or an automatic bouncing of the MPLS.

The following command shows that EL is enabled in MPLS:

[/]
A:admin@PE-1# show router mpls status | match "Label"
Entropy Label RSVP-TE : Enabled Entropy Label SR-TE : Enabled

The following command shows that EL is enabled in RSVP:

[/]

A:admin@PE-1# show router rsvp status | match "Label"

Implicit Null Label: Disabled Node-id in RRO : Exclude
DiffServTE AdmModel: Basic Entropy Label : Enabled

The following command shows that EL is enabled and operational in LSP "LSP-PE-1-PE-2":

[/]
A:admin@PE-1# show router mpls lsp "LSP-PE-1-PE-2" detail | match "Label"
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Entropy Label

: Enabled Oper Entropy Label : Enabled

The following command shows that the LSP "LSP-PE-1-PE-2" has the flag "entropy-label-capable” in the

RSVP tunnel table:

[/1

A:admin@PE-1# show router tunnel-table protocol rsvp detail

Tunnel Table (Router: Base)

Destination : 192.0.2.2/32

NextHop : 192.168.13.2

Tunnel Flags : exclude-for-1fa entropy-label-capable

Age : 00h04m22s

CBF Classes (Not Specified)

Owner 1 rsvp Encap : MPLS
Tunnel ID 1 Preference 7
Tunnel Label : 524283 Tunnel Metric : 16777215
Tunnel MTU : 8918 Max Label Stack : 1
LSP ID : 5632 Bypass Label 1 0
LSP Bandwidth : 0 LSP Weight : 0
Number of tunnel-table entries 1

Number of tunnel-table entries with LFA : 0

EL is supported on many Layer 2 and Layer 3 services. In this example, VPLS 1 is configured on PE-1 with
BGP EVPN-MPLS, as follows:

# on PE-1:
configure {
service {

vpls "VPLS 1" {
service-id 1
customer "1"
bgp 1 { }
bgp-evpn {
evi 1
mpls 1 {

}
}

admin-state enable
entropy-label true
auto-bind-tunnel {
resolution filter
resolution-filter {
rsvp true
}

sap 1/1/c2/1:11 { }
sap 1/1/c9/1:11 { }

}

Auto-bind-tunnel is resolved to the RSVP LSP "LSP-PE-1-PE-2". A similar configuration is applied on PE-2.
The following command shows that the EL is enabled for BGP-EVPN, as follows:

[/1

A:admin@PE-1# show service id 1 bgp-evpn
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BGP EVPN

---snip---

BGP EVPN MPLS Information

Admin Status
Force Vlan Fwding
Force Qing Fwding
Route NextHop Type :
Control Word

Max Ecmp Routes
Entropy Label
Default Route Tag
Split Horizon Group:
Ingress Rep BUM Lbl:
Ingress Ucast Lbl
RestProtSrcMacAct
Evpn Mpls Encap
Oper Group

MH Mode

Evi 3-byte Auto-RT
Dyn Egr Lbl Limit
Hash Label

Local AC Ingr Lbl

: Enabled Bgp Instance
: Disabled
! none

system-ipv4

: Disabled
1

: Enabled
: none

(Not Specified)
Disabled

: 524280 Ingress Mcast Lbl
! none
: Enabled Evpn MplsoUdp

(none)

: network

: Disabled

: Disabled

: Disabled

: <not-allocated>

BGP EVPN MPLS Auto Bind Tunnel Information

Allow-Flex-Algo-FB :
Resolution

Max Ecmp Routes
Filter Tunnel Types:
Weighted Ecmp

Disabled

: filter Strict Tnl Tag
1

rsvp

: Disabled

: 524280

: Disabled

: Disabled

The iLER PE-1 adds the EL and ELI to the label stack. Traffic load-balancing is performed in P-3 where the

traffic is sprayed over all eight links of the LAG. The options for LSR load-balancing are the following:

# on LSRs P-3 and P-4:

configure {
system {

load-balancing
lsr-load-balancing ?

lsr-load-balancing <keyword>

<keyword> - (lbl-only|lbl-ip|ip-only|eth-encap-ip|lbl-ip-14-teid)

Dynamic Default - lbl-only

Algorithm for system-wide LSR load balancing

By default, the load-balancing settings on P-3 are as follows:

# On P-3:
configure {
system {
load-balancing
info detail

12tp-load-balancing false
14-load-balancing false
lsr-load-balancing lbl-only
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mc-enh-load-balancing false
service-id-lag-hashing false
system-ip-load-balancing false

When the EL and ELI are included in the stack, only the EL label is used for the load-balancing (Ibl-only).
It is not required to inspect the IP header or any other header.

For the reverse path, PE-2 is the iLER, and P-4 does the spraying of the packets over all links of the LAG.
Therefore, LSR load-balancing with Ibl-only is also configured on P-4.

EVPN service using LDP tunnel with EL
ELC is disabled by default for LDP, as follows:

[/1]
A:admin@PE-1# show router ldp status

LDP Status for IPv4 LSR ID 192.0.2.1

IPv6 LSR ID ::
---snip---
Admin State : Up
IPv4 Oper State : Up IPv6 Oper State : Down
---snip---

Entropy Label Capa*: False
---snip---

* indicates that the corresponding row element may have been truncated.
The command to enable ELC is as follows:

# on PE-1:
configure {
router "Base" {

ldp {
entropy-label-capability true

In the list of LDP active bindings, the egress labels that are pushed by iLER PE-1 on traffic toward an eLER
capable of handling an EL get the indication "e", as follows:

[/]
A:admin@PE-1# show router ldp bindings active prefixes ipv4

LDP Bindings (IPv4 LSR ID 192.0.2.1)
(IPv6 LSR ID ::)

Label Status:
U - Label In Use, N - Label Not In Use, W - Label Withdrawn
WP - Label Withdraw Pending, BU - Alternate For Fast Re-Route
e - Label ELC

FEC Flags:
LF - Lower FEC, UF - Upper FEC, M - Community Mismatch,
BA - ASBR Backup FEC

(S) - Static (M) - Multi-homed Secondary Support
(B) - BGP Next Hop (BU) - Alternate Next-hop for Fast Re-Route
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(I) - SR-ISIS Next Hop (0) - SR-OSPF Next Hop
(C) - FEC resolved with class-based-forwarding

LDP IPv4 Prefix Bindings (Active)

Prefix Op
IngLbl EgrLbl
EgrNextHop EgrIf/LspId
192.0.2.1/32 Pop
524287 --
192.0.2.2/32 Push

- 524284e
192.168.13.2 1/1/cl/1
192.0.2.2/32 Swap
524282 524284
192.168.13.2 1/1/cl/1
192.0.2.3/32 Push

-- 524287
192.168.13.2 1/1/cl/1
192.0.2.4/32 Push

-- 524285
192.168.13.2 1/1/cl/1
192.0.2.4/32 Swap
524284 524285
192.168.13.2 1/1/cl/1

No. of IPv4 Prefix Active Bindings: 6

Because the iLER adds the EL, only labels which are pushed get the "e"-indication. Labels which are
swapped or popped do not get this label.

The detail of the tunnel table for LDP shows that the LDP tunnel toward PE-2 has tunnel flag entropy-label-
capable, as follows:

[/1]
A:admin@PE-1# show router tunnel-table protocol ldp detail

Tunnel Table (Router: Base)

Destination 1 192.0.2.2/32
NextHop 1 192.168.13.2
Tunnel Flags : entropy-label-capable
Age : 00hOOmM38s
CBF Classes : (Not Specified)
Owner : ldp Encap : MPLS
Tunnel ID : 65539 Preference : 9
Tunnel Label : 524284 Tunnel Metric : 30
Tunnel MTU : 8918 Max Label Stack : 1
---snip---
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The following EVPN-VPLS uses an LDP transport tunnel and has EL enabled:

# on PE-1:
configure {
service {
vpls "VPLS 2" {
admin-state enable
service-id 2
customer "1"
bgp 1 { }
bgp-evpn {
evi 2
mpls 1 {
admin-state enable
entropy-label true
auto-bind-tunnel {
resolution filter
resolution-filter {
ldp true
}
)
}
sap 1/1/c2/1:16 { }
sap 1/1/c9/1:16 { }
}

The configuration on PE-1 and PE-2 is similar.

EL is enabled in this service, as follows:

[/1

A:admin@PE-2# show service id 2 bgp-evpn

BGP EVPN

---snip---

BGP EVPN MPLS Information

Admin Status
Force Vlan Fwding
Force Qing Fwding
Route NextHop Type :
Control Word

Max Ecmp Routes
Entropy Label
Default Route Tag
Split Horizon Group:

Ingress Rep BUM Lbl: Disabled

Ingress Ucast Lbl : 524279 Ingress Mcast Lbl
RestProtSrcMacAct : none

Evpn Mpls Encap : Enabled Evpn MplsoUdp
Oper Group : (none)

MH Mode : network

Evi 3-byte Auto-RT : Disabled

Dyn Egr Lbl Limit : Disabled

Hash Label : Disabled

Local AC Ingr Lbl

: Enabled Bgp Instance
: Disabled
: none

system-ipv4

: Disabled
1

: Enabled
: none

(Not Specified)

: <not-allocated>

BGP EVPN MPLS Auto Bind Tunnel Information
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Allow-Flex-Algo-FB : Disabled

Resolution : filter Strict Tnl Tag : Disabled
Max Ecmp Routes 11

Filter Tunnel Types: ldp

Weighted Ecmp : Disabled

LSR load-sharing based on EL

The LSR load-sharing based on the EL results in a granular load-sharing for great numbers of flows,

for example, thousands of flows. Each flow has four unique variables: source IP address, destination
IP address, source UDP port, and destination UDP port. Each flow gets a unique EL and the P-nodes
distribute the load over all eight links in the LAG, based on the hashing algorithm "Ibl-only".

In a virtual test setup, such great numbers of flows are difficult to simulate. Nevertheless, the spread
may be illustrated by comparing the traffic on each link of the LAG, once in the absence and once in the
presence of externally launched traffic, as follows:

# On P-3:

1. clear lag 1 statistics

2. wait for X seconds (example: X=125)

3. show lag "lag-1" statistics

or

# On P-3:

1. clear port <port> statistics (where <port> is a port in the LAG)
2. wait for X seconds (example: X=125)

3. show port statistics

In the presence of great numbers of flows, the spread may be illustrated with:
* monitor lag 1 rate packets

* monitor port <port> rate monitor port all-ethernet-rates

As an example:, on P-3, in the absence of externally launched traffic:

[/]
A:admin@P-3# show lag "lag-1" statistics

LAG Statistics

Description : N/A
Port-id Input (Packets) Output (Packets)
Input(Bytes) Output(Bytes)
Input Errors Output Errors
1/1/c3/1 228 237
24186 25052
0 0
1/1/c4/1 124 124
15872 15872
0 0
1/1/c5/1 157 156
19997 19872
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0 0
1/1/c6/1 132 153
16508 19352
0 0
1/1/c7/1 153 124
19352 15872
0 0
1/1/c8/1 124 124
15872 15872
0 0
1/1/c9/1 124 124
15872 15872
0 0
1/1/c10/1 124 124
15872 15872
0 0
Totals 1166 1166
143531 143636
0 0
while in the presence of externally launched traffic:
[/]
A:admin@P-3# show lag "lag-1" statistics
LAG Statistics
Description : N/A
Port-id Input(Packets) Output(Packets)
Input(Bytes) Output(Bytes)
Input Errors Output Errors
1/1/c3/1 278 287
30260 30668
0 0
1/1/c4/1 150 150
19200 19200
0 0
1/1/c5/1 189 189
24075 24075
0 0
1/1/c6/1 160 186
19995 23408
0 0
1/1/c7/1 186 150
23464 19200
0 0
1/1/c8/1 150 150
19200 19200
0 0
1/1/c9/1 150 150
19200 19200
0 0
1/1/cl10/1 150 150
19200 19200
0 0
Totals 1413 1412
174594 174151
0 0
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When thousands of flows are sent via P-3 and P-4, the flows are evenly spread in each direction.

Conclusion

The EL is a standard-compliant way to maintain packet ordering within a conversation while load-balancing
across multiple ECMP paths or links in a LAG. The EL is supported for both Layer 2 and Layer 3 services
and is, therefore, a more general solution than the MPLS hash label.
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IGP Shortcuts

This chapter provides information about IGP shortcuts.
Topics in this chapter include:

* Applicability

*  Overview

» Configuration

« Conclusion

Applicability

This chapter is applicable to SR OS when the feature is not related to BGP. There are no other
prerequisites for this configuration. This chapter was initially written for SR OS Release 12.0.R3, but the
MD-CLI in the current edition corresponds to SR OS Release 21.2.R1.

Overview

Interior Gateway Protocols (IGPs) are routing protocols that operate inside an Autonomous System (AS).
An AS is a network domain that is managed under a single administration. Because the scope of operation
of an IGP is usually within an AS, IGPs are also called intra-AS protocols. The purpose of an IGP is to
provide reachability information to destination nodes that are inside the domain. IGPs can be one or more
of a variety of protocols, including routing protocols such as Routing Information Protocol (RIP) version 1 or
2, Open Shortest Path First (OSPF), and Intermediate System to Intermediate System (IS-1S).

IGPs such as OSPF and IS-IS are link-state protocols that use a Shortest Path First (SPF) algorithm to
compute the shortest path tree to all nodes in a network. The results of such computations indicate the
destination node, next hop address, and output interface, where the output interface is a physical interface.
Optionally, Multi-Protocol Label Switching (MPLS) Label Switched Paths (LSPs) can be included in the
SPF algorithm on the node performing the calculations, as LSPs behave as logical interfaces directly
connected to remote nodes in the network. Because the SPF algorithm treats the LSPs in the same way
as a physical interface (being a potential output interface), the computation results could be to select a
destination node together with an output LSP, using the LSP as a shortcut through the network to the
destination node.

Figure 34: Normal SPF Tree Sourced by PE-1 shows a normal SPF tree sourced by PE-1 (Provider
Edge-1).
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Figure 34: Normal SPF Tree Sourced by PE-1

PE-3 PE-5

al 0674

If there is an LSP that connects PE-1 to PE-5, and IGP shortcuts are configured on PE-1, the SPF tree will
be as shown in Figure 35: SPF Tree Sourced by PE-1 Using LSP Shortcuts.

Figure 35: SPF Tree Sourced by PE-1 Using LSP Shortcuts

PE-1 PE-6
LSP PE-1-PES ™

PE-5

al 0675

IGP shortcuts are enabled on a per router basis; SPF computations are independent and irrelevant to other
routers, so there is no need to enable shortcuts on every single router.

The example topology used in this example is shown in Figure 36: Example Topology. The setup consists
of six 7750 service routers. There is a single AS and a single IGP area. The following configuration tasks
should be completed first:

* |IS-IS or OSPF on all interfaces within the AS (configuration has been done using IS-IS but using OSPF
shows exactly the same behavior).

» Label Distribution Protocol (LDP) and Resource Reservation Protocol (RSVP) on all interfaces within
the AS.
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Figure 36: Example Topology
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In all figures, Lb stands for Loopback and Sys stands for the system IP addresses.

Configuration

The first step is to configure the IGP (IS-IS) on all nodes, where IS-IS redistributes route reachability to

all routers. To facilitate 1S-IS configuration, all routers are L2-L1 capable within the same IS-IS area-id so
there is only a single topology area in the network (all routers share the same topology). Traffic engineering
(TE) is enabled on the IGP as it is a requirement for RSVP. The metric is using the default values: because
no reference bandwidth command is used, the default metric of 10 is applicable on all interfaces. The
configuration for PE-2 is as follows.

[/1]
A:admin@PE-2# configure {
router "Base" {
interface "int-PE-2-PE-1" {
port 1/1/2
ipvd {
primary {
address 192.168.12.2
prefix-length 30

)
}
}
interface "int-PE-2-PE-3" {
port 1/1/3
ipvd {
primary {
address 192.168.23.1
prefix-length 30
)
}
}
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}

interface "int-PE-2-PE-4" {

port 1/1/1
ipvd {
primary {

address 192.168.24.1
prefix-length 30

}
}
interface "system" {
ipvd {
primary {

address 192.0.2.2
prefix-length 32

}
}
isis 0 {

admin-state enable

traffic-engineering true

area-address [49.0001]

interface "int-PE-2-PE-1" {
interface-type point-to-point

}

interface "int-PE-2-PE-3" {
interface-type point-to-point

}

interface "int-PE-2-PE-4" {
interface-type point-to-point

}

interface "system" {

passive true

}

The configuration for the other nodes is similar. The IP addresses can be derived from Figure 36: Example
Topology.

The global route table (GRT) for PE-2 is as follows:

[/]

A:admin@PE-2# show router route-table

Route Table (Router: Base)

Dest Prefix[Flags]

Next Hop[Interface Name]

Proto

Age
Metric

192.0.2.1/32
192.168.12.1
192.0.2.2/32
system
192.0.2.3/32
192.168.23.2
192.0.2.4/32
192.168.24.2
192.0.2.5/32
192.168.23.2
192.0.2.6/32
192.168.24.2
3HE 20797 AAAE TQZZA
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192.

192.

192.

192.

192.

192.

192.

192.

No.

168.12.
int-
168.13.
192.
168.23.
int-
168.24.
int-
168.35.
192.
168.45.
192.
168.46.
192.
168.56.
192.
of Routes: 14
Flags: n

B
L
S

0/30
PE-2-PE-1
0/30
168.12.1
0/30
PE-2-PE-3
0/30
PE-2-PE-4
0/30
168.23.2
0/30
168.24.2
0/30
168.24.2
0/30
168.23.2

Local
Remote
Local
Local
Remote
Remote
Remote

Remote

Number of times nexthop is repeated
BGP backup route available

LFA nexthop available

Sticky ECMP requested

Local
ISIS
Local
Local
ISIS
ISIS
ISIS

ISIS

00h02m32s
0
00h02m31s
20
00h02m32s
0
00h02m32s
0
00h02m0O5s
20
00h01m51s
20
00h01m51s
20
00h01m31s
30

15

15

15

15

15

LDP and RSVP Shortcuts

Interface Label Distribution Protocol (iLDP) is enabled on all interfaces (except system interfaces, which is
not allowed) in all routers. The configuration on all nodes is similar and the IP addresses are derived from

Figure 36: Example Topology. The configuration of PE-4 is as follows:

[/]

A:admin@PE-4# configure {

}

With iLDP enabled, PE-4 establishes iLDP sessions with its directly connected neighbors, as follows:

[/1

interface "int-PE-4-PE-2" {

interface "int-PE-4-PE-5" {

interface "int-PE-4-PE-6" {

router "Base" {
ldp {
interface-parameters {
ipvd {
}
)
ipvd {
}
)
ipvd {
}
}
}
}
}

A:admin@PE-4# show router ldp session ipvé4

LDP IPv4 Sessions
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Peer LDP Id Adj Type State Msg Sent Msg Recv Up Time

192.0.2.2:0 Link Established 54 54 0d 00:01:54
192.0.2.5:0 Link Established 49 50 0d 00:01:36
192.0.2.6:0 Link Established 42 43 0d 00:01:19

No. of IPv4 Sessions: 3

The following tunnel table shows that there is a Label Switched Path (LSP) to every other router. The
reason is that the LDP label distribution mode is downstream unsolicited (DU) by default, originating

label bindings for system addresses only (which are used by iLDP as transport address by default). The
command also shows the preference of the LSPs (where the preference is 9 for LDP) and the metric of
the LSPs (the metric is inherited from the IGP, each hop counts as a metric of 10), as follows. The metric
to destinations PE-1 and PE-3 is 20 because there are two hops in between (PE-4 is two hops away from
PE-1 and PE-3).

[/1]
A:admin@PE-4# show router tunnel-table

IPv4 Tunnel Table (Router: Base)

Destination Owner Encap Tunnelld Pref Nexthop Metric
Color

192.0.2.1/32 ldp MPLS 65538 9 192.168.24.1 20
192.0.2.2/32 ldp MPLS 65537 9 192.168.24.1 10
192.0.2.3/32 ldp MPLS 65539 9 192.168.24.1 20
192.0.2.5/32 ldp MPLS 65540 9 192.168.45.2 10
192.0.2.6/32 ldp MPLS 65541 9 192.168.46.2 10
Flags: B = BGP or MPLS backup hop available

L = Loop-Free Alternate (LFA) hop available

E = Inactive best-external BGP route

k = RIB-API or Forwarding Policy backup hop

In order to configure RSVP shortcuts, RSVP must be enabled on all interfaces where traffic engineering
is required, but in this example, MPLS and RSVP are enabled on all interfaces of the network. By default,
MPLS is enabled on the system interface, therefore, it need not be configured explicitly. When RSVP is
in admin-state enable , it is automatically configured on the interfaces where MPLS is configured. The
configuration for PE-6 is as follows.

[/1]
A:admin@PE-6# configure {
router "Base" {
mpls {
admin-state enable
interface "int-PE-6-PE-4" {

}
interface "int-PE-6-PE-5" {
}

}

rsvp {
admin-state enable
interface "int-PE-6-PE-4" {
}
interface "int-PE-6-PE-5" {
}
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}

The configuration of the other nodes is similar. The IP addresses can be derived from Figure 36: Example
Topology. Because there are no RSVP LSPs configured yet, the tunnel table has no RSVP LSPs and only
contains LDP LSPs.

LDP Static Route (IP Tunneled in LDP Tunnel)

Using LDP LSP shortcuts for static route resolution enables forwarding of IPv4 packets over LDP LSPs
instead of using a regular IP next hop. In other words, the traffic to the resolved static routes is forwarded
using MPLS LDP LSP rather than plain IP.

The configuration defines a static route pointing to the destination PE (remote loopback, which is an
indirect next hop in the example), and explicitly indicates that it should use LDP rather than IGP. Taking
PE-1 and PE-6 as an example, two loopback interfaces are configured (172.16.X.1/32), where X = PE
number, and a static route is defined according to the preceding explanation. The following shows the
configuration on PE-1.

[/1]
A:admin@PE-1# configure {
router "Base" {
interface "loopback" {
ipv4d {
primary {
address 172.16.1.1
prefix-length 32
)
}
loopback
}
static-routes {
route 172.16.6.1/32 route-type unicast {
indirect 192.0.2.6 {
admin-state enable
tunnel-next-hop {
disallow-igp true
resolution filter
resolution-filter {
ldp true
}

}

Looking at the GRT or forwarding information base (FIB), there are two new entries corresponding to the
two configured loopback interfaces. One entry has the protocol set to LOCAL (the local loopback on the
PE), and the other entry has the protocol set to STATIC, where the next hop is reached using an LDP LSP.

[/]
A:admin@PE-1# show router fib 1

FIB Display
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Prefix [Flags] Protocol
NextHop

172.16.1.1/32 LOCAL
172.16.1.1 (loopback)

172.16.6.1/32 STATIC
192.0.2.6 (Transport:LDP)

192.0.2.1/32 LOCAL
192.0.2.1 (system)

192.0.2.2/32 ISIS
192.168.12.2 (int-PE-1-PE-2)

192.0.2.3/32 ISIS
192.168.13.2 (int-PE-1-PE-3)

192.0.2.4/32 ISIS
192.168.12.2 (int-PE-1-PE-2)

192.0.2.5/32 ISIS
192.168.13.2 (int-PE-1-PE-3)

192.0.2.6/32 ISIS
192.168.12.2 (int-PE-1-PE-2)

192.168.12.0/30 LOCAL
192.168.12.0 (int-PE-1-PE-2)

192.168.13.0/30 LOCAL
192.168.13.0 (int-PE-1-PE-3)

192.168.23.0/30 ISIS
192.168.12.2 (int-PE-1-PE-2)

192.168.24.0/30 ISIS
192.168.12.2 (int-PE-1-PE-2)

192.168.35.0/30 ISIS
192.168.13.2 (int-PE-1-PE-3)

192.168.45.0/30 ISIS
192.168.12.2 (int-PE-1-PE-2)

192.168.46.0/30 ISIS
192.168.12.2 (int-PE-1-PE-2)

192.168.56.0/30 ISIS

192.168.13.2 (int-PE-1-PE-3)

The following output shows that a ping sourced by the loopback interface on PE-1 is able to reach the
loopback interface on PE-6, and traceroute demonstrates that the traffic is following the LDP LSP. The
ping and traceroute traffic cannot follow the IGP path because the static route command states that
the IGP is disallowed when no LDP LSP toward PE-6 is available (also, the loopback interfaces are not
enabled on IS-IS).

[/]

A:admin@PE-1# ping 172.16.6.1 source ping 172.16.6.1 source-address 172.16.1.1
PING 172.16.6.1 56 data bytes

64 bytes from 172.16.6.1: icmp seq=1 ttl=64 time=3.18ms.

64 bytes from 172.16.6.1: icmp seq=2 ttl=64 time=3.30ms.

. 64 bytes from 172.16.6.1: icmp seq=3 ttl=64 time=3.03ms.

. 64 bytes from 172.16.6.1: icmp seq=4 ttl=64 time=3.25ms.

. 64 bytes from 172.16.6.1: icmp seq=5 ttl=64 time=2.72ms.

----172.16.6.1 PING Statistics ----
5 packets transmitted, 5 packets received, 0.00% packet loss
round-trip min = 2.72ms, avg = 3.10ms, max = 3.30ms, stddev = 0.208ms

[/]
A:admin@PE-1# traceroute 172.16.6.1 source traceroute 172.16.6.1 source-address 172.16.1.1
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traceroute to 172.16.6.1 from 172.16.1.1, 30 hops max, 40 byte packets
1 0.0.0.0 * * *
2 0.0.0.0 * * *
3 172.16.6.1 (172.16.6.1) 2.79 ms 2.35 ms 2.61 ms

With the traceroute command, there are three hops from PE-1 to PE-6. There is no information regarding
IP for the first two hops because the traffic is encapsulated in an MPLS LSP. The reason why the hops
are displayed even when there is an MPLS LSP tunnel is because by default, the SR router propagates
(copies) the Time To Live (TTL) from the IP header in the MPLS header. This is known as uniform mode.

However, a service provider might not want to show how many MPLS hops (nodes) there are in their
network if a traceroute command is executed from outside their network. To prevent internal hops being
shown, no propagate commands are needed in the LDP configuration, as follows. This is known as pipe
mode.

[/1]
A:admin@PE-1# configure {
router "Base" {

ldp {
shortcut-local-ttl-propagate false
shortcut-transit-ttl-propagate false

}

When TTL propagation is disabled, the hops are not displayed any longer when running the traceroute
command.

[/]
A:admin@PE-1# traceroute 172.16.6.1 source traceroute 172.16.6.1 source-address 172.16.1.1
traceroute to 172.16.6.1 from 172.16.1.1, 30 hops max, 40 byte packets

1 172.16.6.1 (172.16.6.1) 1.86 ms 2.04 ms 1.96 ms

For more information about uniform mode and pipe mode, see the “Tunneling of ICMP Reply Packets over
MPLS LSPs” chapter in the 7450 ESS, 7750 SR, 7950 XRS, and VSR MPLS Advanced Configuration
Guide for Classic CLI.

RSVP Static Route (IP Tunneled in RSVP Tunnel)

Using RSVP LSP shortcuts for static route resolution enables forwarding of IPv4 packets over RSVP LSPs
instead of using a regular IP next hop. In other words, the traffic to the resolved static routes is forwarded
using an MPLS RSVP LSP rather than plain IP.

The configuration defines a static route pointing to a destination PE (remote loopback, which is an indirect
next hop in the example), and explicitly indicates that it should use RSVP rather than IGP. Taking PE-6 and
PE-1 as an example, two loopback interfaces are configured (172.16.X.1/32), where X = PE number, and
a static route is defined according to the preceding explanation. The following shows the configuration on
PE-6.

[/]
A:admin@PE-6# configure {
router "Base" {
static-routes {
route 172.16.1.1/32 route-type unicast {
indirect 192.0.2.1 {
admin-state enable
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tunnel-next-hop {
disallow-igp true
resolution filter
resolution-filter {
rsvp-te { }
}

}
Also, an RSVP LSP needs to be configured with the system interface of PE-1 as the destination:

[/1]
A:admin@PE-6# configure {
router "Base" {
mpls {
path "loose path" {
admin-state enable
}

lsp "LSP-PE-6-PE-1" {
admin-state enable
to 192.0.2.1
type p2p-rsvp

primary "loose_path" { }
}
In the LSP tunnel table, an RSVP LSP is created:

[/1]
A:admin@PE-6# show router tunnel-table

IPv4 Tunnel Table (Router: Base)

Destination Owner Encap Tunnelld Pref Nexthop Metric
Color

192.0.2.1/32 rsvp MPLS 1 7 192.168.46.1 30
192.0.2.1/32 ldp MPLS 65539 9 192.168.46.1 30
192.0.2.2/32 ldp MPLS 65538 9 192.168.46.1 20
192.0.2.3/32 ldp MPLS 65541 9 192.168.56.1 20
192.0.2.4/32 ldp MPLS 65537 9 192.168.46.1 10
192.0.2.5/32 ldp MPLS 65540 9 192.168.56.1 10
Flags: B = BGP or MPLS backup hop available

L = Loop-Free Alternate (LFA) hop available

E = Inactive best-external BGP route

k = RIB-API or Forwarding Policy backup hop

The default RSVP preference is 7 (preferred over that of LDP, which is 9) and the metric reflects that
this LSP spans 3 hops (for a dynamic LSP not using constrained shortest path first (CSPF), the metric is
inherited from IGP). See the RSVP Shortcut for IGP Route Resolution section for more details about the
metric applied in LSPs.
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The RSVP LSP is used to resolve the indirect next hop (PE-1 system address) in the static route (the LSP
used is identified with the tunnel ID, in this case 1), therefore, the route for prefix 172.16.1.1 in the GRT
looks as follows:

[/1]
A:admin@PE-6# show router route-table 172.16.1.1

Route Table (Router: Base)

Dest Prefix[Flags] Type Proto Age Pref
Next Hop[Interface Name] Metric
172.16.1.1/32 Remote Static 00h0OMOOs 5
192.0.2.1 (tunneled:RSVP:1) 1

No. of Routes: 1

Flags: n = Number of times nexthop is repeated
B = BGP backup route available
L = LFA nexthop available
S = Sticky ECMP requested

As in the LDP shortcut with static route example, between PE-6 and PE-1, TTL propagation is disabled, as
follows.

[/1]
A:admin@PE-1# configure {
router "Base" {
ldp {
shortcut-local-ttl-propagate false
shortcut-transit-ttl-propagate false

}
The output is the following when running a traceroute:

[/]
A:admin@PE-6# traceroute 172.16.1.1 source traceroute 172.16.1.1 source-address 172.16.6.1
traceroute to 172.16.1.1 from 172.16.6.1, 30 hops max, 40 byte packets

1 172.16.1.1 (172.16.1.1) 2.81 ms 3.24 ms 3.02 ms

The two static routes that have been defined to use the LDP and RSVP shortcuts follow the static routes
default values and have a preference of 5 and a metric of 1.

LDP Shortcut for IGP Route Resolution

Using LDP shortcuts for IGP route resolution enables forwarding of packets to IGP learned routes over an
LDP LSP. The default is to disable the LDP shortcut across all interfaces in the node.

When LDP shortcuts are enabled, LDP populates the Route Table Manager (RTM) with next hop entries
corresponding to all prefixes for which it activated an LDP Forwarding Equivalence Class (FEC). For a
prefix, two route entries are populated in the RTM. One corresponds to the LDP shortcut next hop and
has an owner of LDP. The other one is the regular IP next hop. The LDP shortcut next hop always takes
preference over the regular IP next hop for forwarding user packets and specific control packets over an
outgoing interface to the route next hop.
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When LDP has activated a FEC for a prefix and programmed the RTM, it also programs the ingress tunnel
table in the line card with the LDP tunnel information.

When an IPv4 packet is received on an ingress network interface and the preferred RTM entry
corresponds to an LDP shortcut, a subscriber Internet Enhanced Service (IES) interface, or a regular IES
interface, the lookup of the packet by the ingress line card results in the packet being sent labeled with

the label stack corresponding to the Next Hop Label Forwarding Entry (NHLFE) of the LDP LSP. If the
preferred RTM entry corresponds to an IP next hop, the IPv4 packet is forwarded unlabeled. The activation
of the FEC by LDP is done by performing an exact match with an IGP route prefix in the RTM, but it can
also be done by performing a longest prefix match with an IGP route in the RTM if the aggregate-prefix-
match option is enabled globally in LDP.

Handling of Control Packets

All control plane packets will not see the LDP shortcut route entry in the RTM with the exception of the
following control packets which will be forwarded over an LDP shortcut when enabled:

* Alocally generated or in transit ICMP ping and UDP traceroute of an IGP route. The transit message
appears as a user packet to the ingress LER node.

* Alocally generated response to a received ICMP ping or UDP traceroute message.

All other control plane packets that require an RTM lookup and have knowledge of which destination is
reachable over the LDP shortcut will continue to be forwarded over the IP next hop route in the RTM.

Handling of Multicast Packets

LDP shortcuts apply to unicast FEC types and are used for forwarding IP unicast packets in the data path.
IP multicast packets forwarded over an multicast Label Distribution Protocol (mLDP) Point-to-Multi-Point
(P2MP) LSP make use of a multicast FEC and thus cannot make use of the LDP unicast shortcut.

ECMP Considerations

When Equal Cost Multi-Path (ECMP) is enabled and multiple equal cost next hops exist for the IGP

route, the ingress line card will spray the packets for this route based on the hashing routine supported

for IPv4 packets. When the preferred RTM entry corresponds to an LDP shortcut route, spraying is
performed across the multiple next hops for the LDP FEC. The FEC next hops can either be direct link LDP
neighbors, or T-LDP (targeted LDP) neighbors reachable over RSVP LSPs in the case of LDP-over-RSVP,
but not both. This is as per ECMP for LDP in the existing implementation. When the preferred RTM entry
corresponds to a regular IP route, spraying will be performed across regular IP next hops for the prefix.
Spraying across regular IP next hops and LDP shortcut next hops concurrently is not supported.

Configuring IGP LDP shortcuts is straightforward, and only applies to the node where there is interest to
provision the LDP shortcut. In this example, only PE-1 is provisioned with LDP shortcuts, as follows:

[/]
A:admin@PE-1# configure {
router "Base" {

ldp {
ldp-shortcut {
ipv4 true
}
}
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Now, all tunnel LSPs that resolve an IGP next hop will replace the IP next hops, as shown in the following
output:

[/1

A:admin@PE-1# show router route-table

Route Table (Router: Base)

Dest Prefix[Flags] Type Proto Age Pref
Next Hop[Interface Name] Metric
192.0.2.1/32 Local Local 00h50mO5s 0
system 0
192.0.2.2/32 Remote LDP 00h0OMOOs 9
192.168.12.2 (tunneled) 10
192.0.2.3/32 Remote LDP 00h0OMOOs 9
192.168.13.2 (tunneled) 10
192.0.2.4/32 Remote LDP 00h0OMOOs 9
192.168.12.2 (tunneled) 20
192.0.2.5/32 Remote LDP 00h0OMOOs 9
192.168.13.2 (tunneled) 20
192.0.2.6/32 Remote LDP 00h0OMOOs 9
192.168.12.2 (tunneled) 30
192.168.12.0/30 Local Local 00h50mO5s 0
int-PE-1-PE-2 0
192.168.13.0/30 Local Local 00h50mO5s 0
int-PE-1-PE-3 0
192.168.23.0/30 Remote ISIS 00h49m41s 15
192.168.12.2 20
192.168.24.0/30 Remote ISIS 00h49m41s 15
192.168.12.2 20
192.168.35.0/30 Remote ISIS 00h49m20s 15
192.168.13.2 20
192.168.45.0/30 Remote ISIS 00h49mO6s 15
192.168.12.2 30
192.168.46.0/30 Remote ISIS 00h49mO6s 15
192.168.12.2 30
192.168.56.0/30 Remote ISIS 00h48m46s 15
192.168.13.2 30
No. of Routes: 14
Flags: n = Number of times nexthop is repeated
B = BGP backup route available
L = LFA nexthop available
S = Sticky ECMP requested
[/]
A:admin@PE-1# show router fib 1
FIB Display
Prefix [Flags] Protocol
NextHop
192.0.2.1/32 LOCAL
192.0.2.1 (system)
© 2025 Nokia.
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192.0.2.2/32 LDP
192.0.2.2 (Transport:LDP)

192.0.2.3/32 LDP
192.0.2.3 (Transport:LDP)

192.0.2.4/32 LDP
192.0.2.4 (Transport:LDP)

192.0.2.5/32 LDP
192.0.2.5 (Transport:LDP)

192.0.2.6/32 LDP
192.0.2.6 (Transport:LDP)

192.168.12.0/30 LOCAL
192.168.12.0 (int-PE-1-PE-2)

192.168.13.0/30 LOCAL
192.168.13.0 (int-PE-1-PE-3)

192.168.23.0/30 ISIS
192.168.12.2 (int-PE-1-PE-2)

192.168.24.0/30 ISIS
192.168.12.2 (int-PE-1-PE-2)

192.168.35.0/30 ISIS
192.168.13.2 (int-PE-1-PE-3)

192.168.45.0/30 ISIS
192.168.12.2 (int-PE-1-PE-2)

192.168.46.0/30 ISIS
192.168.12.2 (int-PE-1-PE-2)

192.168.56.0/30 ISIS

192.168.13.2 (int-PE-1-PE-3)

Applying LDP IGP shortcuts only on PE-1 implies that IP traffic from PE-1 to any of the system addresses
of the rest of the nodes will use the LDP shortcut, however, the traffic replied from any PE back to PE-1 will
be native IP because IGP shortcuts have not been provisioned in the other nodes.

RSVP Shortcut for IGP Route Resolution

Using RSVP LSP shortcuts when resolving IGP routes enables forwarding of packets to IGP learned
routes over an RSVP LSP. The use of RSVP shortcuts for resolving IGP routes is enabled at the 1S-IS

(or OSPF) routing protocol level or at the LSP level, and instructs I1S-1S and OSPF to include RSVP LSPs
originating on this node and terminating on the system address (router ID) of a remote node and considers
them as direct links. RSVP LSPs with a destination address corresponding to an interface address or any
other loopback interface address of a remote node are automatically not considered by IS-IS or OSPF.

By default, RSVP shortcuts are disabled in all IGP instances.
RSVP LSPs are included in the IGP SPF computation with the following characteristics:

* RSVP LSP is modeled as a point-to-point link IP interface and its metric is used in the computation of
the shortest path of IGP routes

* Next hop and interface include the NHLFE of the shortcut LSP when the IGP path cost using the RSVP
LSP is the best.

» Shortcuts are not used when the destination RSVP LSP is in a different IGP area. In addition, IGP
adjacencies across an RSVP LSP are not supported.

RSVP shortcuts are enabled at IGP instance level as follows:

[/1
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A:admin@<all PEs># configure {
router "Base" {
isis 0 {
igp-shortcut {
admin-state enable
tunnel-next-hop {
family ipv4 {
resolution filter
resolution-filter {
rsvp true

}

}

The configuration can be done at the IGP level or per LSP level. When RSVP shortcuts are enabled at the
IGP instance level, all RSVP LSPs originating on this node are eligible by default. The user can, however,
exclude a specific RSVP LSP from being used as a shortcut for resolving IGP routes by entering the
command (e.g. on PE-6):

[/1]
A:admin@PE-6# configure {
router "Base" {
mpls {
lsp "LSP-PE-6-PE-1" {
delete igp-shortcut
}

}

As RSVP shortcuts can coexist with LDP shortcuts or IP next hops, SPF computation and path selection
follows the procedures in RFC 3906:

» SPF picks the RSVP shortcut next hop if there is an RSVP LSP directly to that address regardless of
the path cost compared to the IGP next hop.

» SPF picks the RSVP shortcut next hop or the IGP next hop based on path lowest cost if there is an IGP
path to the prefix that does not go via the tail-end of the LSP.

» If the IGP next hop is picked, then it can be an LDP shortcut next hop or a regular IP next hop. The LDP
shortcut next hop always has preference over the regular IP next hop.

Handling of Control Packets

All control plane packets requiring an RTM lookup and whose destination is reachable over the RSVP
shortcut are forwarded over the shortcut. This is because the RTM keeps a single route entry for each
prefix, except if there is ECMP over different outgoing interfaces. Interface bound control packets are not
impacted by the RSVP shortcut because RSVP LSPs with a destination address different than the router ID
are not included by IGP in its SPF calculation.

RSVP shortcuts for IGP shortcut resolution should only be used with CSPF LSPs or with fully explicit path
non-CSPF LSPs. RSVP hop-by-hop Path messages will try to use the shortcut and consequently LSPs
without CSPF enabled, or that use a loose/empty hop path, will not come up. However, LSPs with CSPF
enabled or using a strict hop path will come up. This is because in the former case, the RTM lookup to get
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the next hop results in using the shortcut and so the path messages are sent directly to the destination of
the LSP, where they are dropped. With CSPF enabled, the next hop (and the entire path) is provided by
CSPF and the path messages are sent unlabeled to the directly connected neighbor which corresponds to
the next hop of the destination of the LSP. Similar processing occurs if a strict hop path is used, as is the
case in the following example.

Handling of Multicast Packets

IP multicast packets cannot be forwarded over an RSVP shortcut, they can only be forwarded over an
RSVP P2MP LSP. However, RSVP shortcut routes appear in the RTM and are seen by all applications
when they are the best route. When the Reverse Path Forwarding (RPF) check for the source of the
multicast packet matches an RSVP shortcut route, the check will pass if both the RSVP shortcut and the
multicast-import options are enabled in the IGP, as follows, because the RTM is populated with next hops
only and not with tunnels (RPFs will fail for source prefixes resolved to a tunnel NH).

[/]
A:admin@PE-6# configure {
router "Base" {
isis multicast-import ?

multicast-import

ipv4 - Submit IPv4 routes into the multicast RPF of the RTM
ipv6 - Submit IPv6 routes into the multicast RPF of the RTM

The unicast RTM can still use the tunnel next hop for the same prefix. SPF keeps track of both the direct
first hop and the tunneled first hop of a node which is added to the Dijkstra tree.

ECMP Considerations

When ECMP is enabled and multiple equal cost paths exist for the route over a set of tunnel next hops
based on the hashing routine supported for IPv4 packets, there are two possibilities:

» Destination is tunnel endpoint: the system selects the tunnel with lowest tunnel ID (IP next hop is never
used).

» Destination is different from the tunnel endpoint: it selects tunnel endpoints when the LSP metric is not
greater than the IGP cost and it prefers tunnel endpoint over IP next hop.

ECMP is not performed across the IP and tunnel next hops simultaneously.

RSVP Shortcuts Configuration

Configuring RSVP LSP shortcuts is straightforward, and only applies to the node where there is interest to
provision the RSVP shortcut. Two LSPs, from PE-6 to PE-1 and from PE-1 to PE-6, with strict hops, are
provisioned according to Figure 37: LSPs Between PE-1 and PE-6.

3HE 20797 AAAE TQZZA © 2025 Nokia. 179

Use subject to Terms available at: www.nokia.com/terms.



MPLS Advanced Configuration Guide for MD CLI
Releases up to 25.7.R2

IGP Shortcuts

Figure 37: LSPs Between PE-1 and PE-6
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The configuration on PE-1 and PE-6 is similar (replacing the IP addresses), so only the configuration for
PE-6 is shown:

[/]
A:admin@PE-6# configure {
router "Base" {
isis 0 {
igp-shortcut {
admin-state enable
tunnel-next-hop {
family ipv4 {
resolution filter
resolution-filter {
rsvp true

}

[/]
A:admin@PE-6# configure {
router "Base" {
mpls {
path "path-to-PE-1" {
admin-state enable
hop 10 {
ip-address 192.0.2.5
type strict
)
hop 20 {
ip-address 192.0.2.3
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type strict
hop 30 {
ip-address 192.0.2.2
type strict
}
hop 40 {
ip-address 192.0.2.1
type strict
}
}
lsp "LSP-PE-6-PE-1-strict" {
admin-state enable
to 192.0.2.1
type p2p-rsvp
primary "path-to-PE-1" { }
}
}
}
}
The GRT output shows the change in the next hop, using an RSVP shortcut:
[/1]
A:admin@PE-6# show router route-table
Route Table (Router: Base)

Dest Prefix[Flags] Type Proto Age Pref
Next Hop[Interface Name] Metric
192.0.2.1/32 Remote ISIS 00h0OM32s 15

192.0.2.1 (tunneled:RSVP:2) 16777215
192.0.2.2/32 Remote ISIS 00h58ml17s 15
192.168.46.1 20
192.0.2.3/32 Remote ISIS 00h58ml17s 15
192.168.56.1 20
192.0.2.4/32 Remote ISIS 00h58ml17s 15
192.168.46.1 10
192.0.2.5/32 Remote ISIS 00h58ml17s 15
192.168.56.1 10
192.0.2.6/32 Local Local 00h58m18s 0
system 0
192.168.12.0/30 Remote ISIS 00h58ml17s 15
192.168.46.1 30
192.168.13.0/30 Remote ISIS 00h58ml17s 15
192.168.56.1 30
192.168.23.0/30 Remote ISIS 00h58ml17s 15
192.168.46.1 30
192.168.24.0/30 Remote ISIS 00h58ml17s 15
192.168.46.1 20
192.168.35.0/30 Remote ISIS 00h58ml17s 15
192.168.56.1 20
192.168.45.0/30 Remote ISIS 00h58ml17s 15
192.168.46.1 20
192.168.46.0/30 Local Local 00h58m18s 0
int-PE-6-PE-4 0
192.168.56.0/30 Local Local 00h58m18s 0
int-PE-6-PE-5 0

No. of Routes: 14
Flags: n = Number of times nexthop is repeated
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BGP backup route available
LFA nexthop available
Sticky ECMP requested

nwrw
o

The RSVP LSP in the output has a metric of 16777215, the LSP administrative metric matches the
maximum value allowed for an IS-IS link using the wide-metric (24-bit value with a range of [0 —
16777215]). The following metric rules apply:

* A dynamic strict path non-CSPF LSP has the maximum metric (16777215).
* A dynamic CSPF LSP has a metric equal to the cumulative IGP cost.

— If the user enabled the use of the TE metric on this LSP ([/] A:admin@<a PE># configure { router
"Base" { mpls { Isp <LSP Name> { path-computation-method local-cspf metric-type te } } } }),
then the metric for the LSP is the maximum (16777215).

— If the user enabled the use of the TE metric on this LSP and provisioned a specific metric on the Isp
(1] A:admin@<a PE># configure { router "Base" { mpls { Isp <LSP Name> { path-computation-
method local-cspf metric-type te metric <value> } } } }), then the metric for the LSP is the one
provisioned. When configuring the metric of an LSP, the parameter “metric-type” is not required.

» A static LSP has a maximum metric (16777215).
* Manual and dynamic bypass LSPs have the maximum metric (16777215).

The RSVP shortcuts section detailed the importance of the LSP metric when using CSPF LSPs or

when importing RSVP tunnel links into the IGP. The LSP metric can be inherited from the IGP, or can

be manually modified by configuring a specific LSP metric or relative metric offset. Because IP and LDP
FECs resolve to RSVP LSPs when the metric is equal or lower compared to the regular routing metric,
configuring a specific static LSP metric (lower than the IGP metric) or relative metric offset is strongly
recommended when using RSVP shortcuts, so that the GRT and LDP FEC resolution will always prefer the
RSVP LSP shortcuts when the CSPF path computation is not using the shortest path.

For the preceding example, the first rule applies.

Advertising RSVP LSP Tunnel Links in the IGP: Forwarding Adjacency Feature

If configured, an RSVP LSP can also be advertised into the IGP similar to regular links so that other routers
in the network can include that RSVP LSP into their SPF computations. The forwarding adjacency feature
can be enabled independently from the RSVP shortcut feature in CLI. If both are configured for an IGP
instance, the forwarding adjacency takes precedence. An RSVP LSP must exist in the reverse direction

in order for the advertised link to pass the bi-directional link check and be usable by other routers in the
network. However, this is not required for the node which originates the LSP. The LSP is advertised as an
unnumbered point-to-point link and the Link State Protocol data unit (LSP) and Link State Advertisement
(LSA) have no traffic engineering opaque sub-TLVs as per RFC 3906.

Reusing the RSVP IGP shortcuts set up previously (PE-1 and PE-6 RSVP IGP shortcut example according
to Figure 37: LSPs Between PE-1 and PE-6), the outcome is a route linked with an RSVP LSP as next
hop, as follows:

[/]
A:admin@PE-6# show router route-table 192.0.2.1/32

Route Table (Router: Base)

Dest Prefix[Flags] Type Proto Age Pref
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Next Hop[Interface Name] Metric
192.0.2.1/32 Remote ISIS 00h02m25s 15
192.0.2.1 (tunneled:RSVP:2) 16777215

No. of Routes: 1

Flags: n = Number of times nexthop is repeated
B = BGP backup route available
L = LFA nexthop available
S = Sticky ECMP requested

The route tunneled through RSVP has a metric of 16777215, so it is not used by PE-6 GRT to reach any
other routes because the metric is very high. After enabling the forwarding adjacency feature (tunnel links)
to use shortcuts in the configuration, PE-1 and PE-6 have a direct connection through the RSVP LSP (as a
virtual link). This configuration command must be executed in both routers.

[/1]
A:admin@PE-1(&6)# configure {
router "Base" {
isis 0 {
advertise-tunnel-link
}

}

When the shortcut is advertised by IS-IS, the route will disappear from the RTM because the metric of the
shortcut is greater than the IGP cost.

[/1]
A:admin@PE-6# show router route-table 192.0.2.1/32

Route Table (Router: Base)

Dest Prefix[Flags] Type Proto Age Pref
Next Hop[Interface Name] Metric

192.0.2.1/32 Remote ISIS 00h01m22s 15
192.168.46.1 30

No. of Routes: 1

Flags: n = Number of times nexthop is repeated
B = BGP backup route available
L = LFA nexthop available
S = Sticky ECMP requested

If the LSP is reconfigured to use a metric equal to or smaller than the IGP cost, the router PE-6 will use the
RSVP shortcut again. In the example, the LSP is reconfigured with a metric of 30 (e.g. on PE-6):

[/]
A:admin@PE-6# configure {
router "Base" {

mpls {
lsp "LSP-PE-6-PE-1-strict" {
metric 30
}
}
}
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}
Now the shortcut shows up as the preferred next hop to reach PE-1 from PE-6.

[/1]
A:admin@PE-6# show router route-table 192.0.2.1/32

Route Table (Router: Base)

Dest Prefix[Flags] Type Proto Age Pref
Next Hop[Interface Name] Metric
192.0.2.1/32 Remote ISIS 00hoOm53s 15
192.0.2.1 (tunneled:RSVP:2) 30

No. of Routes: 1

Flags: n = Number of times nexthop is repeated
B = BGP backup route available
L = LFA nexthop available
S = Sticky ECMP requested

As explained earlier, this could be combined with ECMP, so if ECMP is configured to 2, the system shows
the two equal cost paths.

[/1]
A:admin@PE-6# configure {
router "Base" {
ecmp 2
h

}

[/1]
A:admin@PE-6# show router route-table 192.0.2.1/32

Route Table (Router: Base)

Dest Prefix[Flags] Type Proto Age Pref
Next Hop[Interface Name] Metric
192.0.2.1/32 Remote ISIS 00h0OmM21s 15
192.0.2.1 (tunneled:RSVP:2) 30
192.0.2.1/32 Remote ISIS 00h0OmM21s 15
192.168.46.1 30

No. of Routes: 2

Flags: n = Number of times nexthop is repeated
B = BGP backup route available
L = LFA nexthop available
S = Sticky ECMP requested

The GRT on PE-4 displays the route to reach PE-1 (192.0.2.1/32) with a metric of 20 via PE-2 as next hop.
Although PE-6 is announcing the RSVP LSP-PE-6-PE-1 to the other routers, the LSP shortcut is not used
by PE-4, because the metric to reach PE-6 (10) plus the metric of the LSP shortcut from PE-6 to PE-1
(metric 30) is greater than 20.

[/]
A:admin@PE-4# show router route-table
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Route Table (Router: Base)

Dest Prefix[Flags] Type Proto Age Pref
Next Hop[Interface Name] Metric
192.0.2.1/32 Remote ISIS 01h06m15s 15
192.168.24.1 20
192.0.2.2/32 Remote ISIS 01h06m15s 15
192.168.24.1 10
192.0.2.3/32 Remote ISIS 01h06m15s 15
192.168.24.1 20
192.0.2.4/32 Local Local 01h06mles O
system 0
192.0.2.5/32 Remote ISIS 01h05m50s 15
192.168.45.2 10
192.0.2.6/32 Remote ISIS 01h05m33s 15
192.168.46.2 10
192.168.12.0/30 Remote ISIS 01he6ml5s 15
192.168.24.1 20
192.168.13.0/30 Remote ISIS 01he6ml5s 15
192.168.24.1 30
192.168.23.0/30 Remote ISIS 01he6ml5s 15
192.168.24.1 20
192.168.24.0/30 Local Local 01h06ml6s O
int-PE-4-PE-2 0
192.168.35.0/30 Remote ISIS 01h05m50s 15
192.168.45.2 20
192.168.45.0/30 Local Local 01h06ml6s O
int-PE-4-PE-5 0
192.168.46.0/30 Local Local 01h06ml6s O
int-PE-4-PE-6 0
192.168.56.0/30 Remote ISIS 01he5m33s 15
192.168.45.2 20

No. of Routes: 14

Flags: n = Number of times nexthop is repeated
B = BGP backup route available
L = LFA nexthop available
S = Sticky ECMP requested

If the metric of the LSP LSP-PE-6-PE-1 is modified to a value between 1 and 9, there is a better metric
(less than 20) so that PE-4 will change the next hop via PE-6. First the metric of the LSP is modified to 9:

[/1]
A:admin@PE-6# configure {
router "Base" {
mpls {
lsp "LSP-PE-6-PE-1-strict" {
metric 9
}

}
The GRT on PE-4 shows that the next hop to reach PE-1 has changed, from next hop PE-2 to next hop
PE-6 (therefore, using the LSP shortcut), and the metric is 19 (10 to reach PE-6 plus metric 9 of the LSP
PE-6-PE-1 shortcut):

[/1
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A:admin@PE-4# show router route-table 192.0.2.1/32

Route Table (Router: Base)

Dest Prefix[Flags] Type Proto Age Pref
Next Hop[Interface Name] Metric
192.0.2.1/32 Remote ISIS 00hoOmM29s 15
192.168.46.2 19
No. of Routes: 1
Flags: n = Number of times nexthop is repeated
B = BGP backup route available
L = LFA nexthop available
S = Sticky ECMP requested

Because the metric of the LSP shortcut was modified to a value of 9, the GRT of PE-6 shows that the next
hops of several routes have changed and are also using the shortcut LSP PE-6-PE-1 because the metric
is better than the regular IS-IS metric. IGP shortcuts will not be used to resolve prefixes downstream of the
LSP endpoint when the LSP metric is higher than the underlying IGP cumulative metric.

[/1]
A:admin@PE-6# show router route-table

Route Table (Router: Base)

Dest Prefix[Flags] Type Proto Age Pref
Next Hop[Interface Name] Metric
192.0.2.1/32 Remote ISIS 00h0OmM54s 15
192.0.2.1 (tunneled:RSVP:2) 9
192.0.2.2/32 Remote ISIS 00h0OmM54s 15
192.0.2.1 (tunneled:RSVP:2) 19
192.0.2.3/32 Remote ISIS 00h0Om54s 15
192.0.2.1 (tunneled:RSVP:2) 19
192.0.2.4/32 Remote ISIS 00h02me6s 15
192.168.46.1 10
192.0.2.5/32 Remote ISIS 00h02me6s 15
192.168.56.1 10
192.0.2.6/32 Local Local 01he8ml2s 0O
system 0
192.168.12.0/30 Remote ISIS 00h0OmM54s 15
192.0.2.1 (tunneled:RSVP:2) 19
192.168.13.0/30 Remote ISIS 00h0Om54s 15
192.0.2.1 (tunneled:RSVP:2) 19
192.168.23.0/30 Remote ISIS 00h0OmM54s 15
192.0.2.1 (tunneled:RSVP:2) 29
192.168.24.0/30 Remote ISIS 00h02me6s 15
192.168.46.1 20
192.168.35.0/30 Remote ISIS 00h02me6s 15
192.168.56.1 20
192.168.45.0/30 Remote ISIS 00h02me6s 15
192.168.46.1 20
192.168.46.0/30 Local Local 01he8ml2s 0
int-PE-6-PE-4 0
192.168.56.0/30 Local Local 01he8ml2s 0
int-PE-6-PE-5 0

No. of Routes: 14
Flags: n = Number of times nexthop is repeated
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o

BGP backup route available
LFA nexthop available
Sticky ECMP requested

There are also cases where an LDP FEC can resolve to an RSVP LSP, if the user enables the LDP-over-
RSVP feature or IGP shortcut feature when prefer-tunnel-in-tunnel is set to true in LDP and the endpoint
of the RSVP LSP matches the FEC prefix. For those cases, the metric to the prefix is the sum of the RSVP

LSP metric and the remaining IGP path cost.

Table 2: RSVP LSP Role As Outcome of LSP Level and IGP Level Configuration Options provides a
summary of the outcome when configuring the forwarding adjacency, LDPoRSVP and RSVP shortcut
options at both the IGP instance level and at the LSP level.

Table 2: RSVP LSP Role As Outcome of LSP Level and IGP Level Configuration Options

IGP Instance Level Configurations

LSP Level advertise- advertise- advertise- advertise- advertise- advertise-

Configuration tunnel-link tunnel-link tunnel-link tunnel-link tunnel-link tunnel-link
enabled/ enabled/ enabled/ disabled/ disabled/ disabled/
rsvp-shortcut | rsvp-shortcut | rsvp-shortcut | rsvp-shortcut | rsvp-shortcut | rsvp-shortcut
enabled/ldp- |enabled/ldp- |disabled/ldp- |disabled/Idp- |enabled/ldp- |disabled/Idp-
over-rsvp over-rsvp over-rsvp over-rsvp over-rsvp over-rsvp
enabled disabled disabled disabled enabled enabled

igp-shortcut Forwarding Forwarding Forwarding None IGP LDP-over-

enabled/ldp-over- | Adjacency Adjacency Adjacency Shorteut RSVP

rsvp enabled

igp-shortcut Forwarding Forwarding Forwarding None IGP None

enable_d/ldp—over— Adjacency Adjacency Adjacency Shortcut

rsvp disabled

igp-shortcut None None None None None LDP-over-

disabled/Idp-over- RSVP

rsvp enabled

igp-shortcut None None None None None None

disabled/Idp-over-

rsvp disabled

LSP Relative Metric

It is possible to use relative metrics for IGP shortcuts as per RFC 3906, Calculating Interior Gateway
Protocol (IGP) Routes Over Traffic Engineering Tunnels, with the following command (e.g. on PE-6):

[/]

A:admin@PE-6# configure {

router "Base" {
mpls {
lsp "LSP-PE-6-PE-1-strict" {
igp-shortcut ?
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admin-state - Administrative state of the LSP to be used as a shortcut while
resolving IGP routes
Choice: igp-choice
1fa-type :- Specific RSVP LSP by IS-IS and OSPF routing protocols to assign as
shortcut or as forwarding adjacency
relative-metric :- Shortest IGP cost between the endpoints of the LSP plus the configured
offset
[/1]

A:admin@PE-6# configure {
router "Base" {
mpls {
lsp "LSP-PE-6-PE-1-strict" {
igp-shortcut {
1fa-type ?

1fa-type <keyword>
<keyword> - (1lfa-protect|lfa-only)

Specific RSVP LSP by IS-IS and OSPF routing protocols to assign as shortcut or as
forwarding adjacency

[/]
A:admin@PE-6# configure {
router "Base" {
mpls {
lsp "LSP-PE-6-PE-1-strict" {
igp-shortcut {
relative-metric ?

relative-metric <number>
<number> - <-10..10>

Shortest IGP cost between the endpoints of the LSP plus the configured offset

When this feature is enabled, IGP applies the shortest IGP cost between the endpoints of the LSP, plus the
value of a configured offset when computing the cost of the prefix that is resolved to the LSP.

The offset value is optional and can have a value between -10 and 10, and defaults to zero (0). An offset
value of zero (0) is used when the relative metric option is enabled without specifying the offset parameter
value. The minimum net cost for the prefix is capped to the value of one (1) after applying the offset:

Prefix cost = max (1, IGP Cost + relative metric offset)

The relative-metric option is ignored when advertise-tunnel-link is enabled in IS-IS or OSPF. In that
case, the IGP advertises the LSP as a P2P unnumbered link using the LSP operational metric.

The relative-metric option is mutually exclusive with the Ifa-protect (Loop-Free Alternate (LFA)) or the
Ifa-only options. An LSP with relative-metric option enabled cannot be included in the LFA SPF and vice
versa when RSVP shortcuts are enabled in the IGP (see chapter LDP/IP FRR LFA for IGP Shortcut Using
IS-IS/OSPF for more information).

The offset can be used to enforce the preference of the shortcut path over the other paths for the prefix.
Using an example, a new CSPF LSP with empty path and relative metric of -10 is created between PE-6
and PE-1. Whereas the operational or absolute metric is 30 (IGP cost and populated in the Tunnel Table
Manager, TTM), the metric that the RTM shows is 20 after applying the offset:

[/]
A:admin@PE-6# configure {
router "Base" {
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mpls {

admin-state enable

lsp "LSP-PE-6-PE-1-loose" {
to 192.0.2.1
type p2p-rsvp
primary "loose path" { }
path-computation-method local-cspf
igp-shortcut {

relative-metric -10

}

[/1]
A:admin@PE-6# show router tunnel-table 192.0.2.1

IPv4 Tunnel Table (Router: Base)

Destination Owner Encap Tunnelld Pref Nexthop Metric
Color

192.0.2.1/32 rsvp MPLS 1 7 192.168.46.1 30

192.0.2.1/32 rsvp MPLS 2 7 192.168.56.1 16777215

192.0.2.1/32 ldp MPLS 65546 9 192.168.46.1 30

Flags: B = BGP or MPLS backup hop available

Loop-Free Alternate (LFA) hop available
Inactive best-external BGP route
RIB-API or Forwarding Policy backup hop

[/]
A:admin@PE-6# show router route-table 192.0.2.1

Route Table (Router: Base)

Dest Prefix[Flags] Type Proto Age Pref
Next Hop[Interface Name] Metric
192.0.2.1/32 Remote ISIS 00h03mlls 15
192.168.46.1 20

No. of Routes: 1

Flags: n = Number of times nexthop is repeated
B = BGP backup route available
L = LFA nexthop available
S = Sticky ECMP requested

LDP/IP FRR LFA for IGP Shortcut Using IS-IS/OSPF

MPLS LDP/IP FRR LFA for IGP shortcuts allows for the use of RSVP LSP-based IGP shortcuts as Loop-
Free Alternate (LFA) backups, this way expanding the coverage of the IP Fast-Reroute (FRR) and the
LDP FRR capabilities for IS-IS and OSPF prefixes. For a detailed description about IP and LDP FRR, see
chapter MPLS LDP FRR using ISIS as IGP.
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When an RSVP LSP is used as a shortcut by I1S-IS or OSPF, it is included by the SPF as a P2P link and it
can also be optionally advertised into the rest of the network by the IGP.

Two LSP-level configuration options are provided:

» The Ifa-protect option includes the RSVP LSP in both the main SPF and the LFA SPFs. If the prefix
primary next hop (NH) is tunneled, no LFA NH is computed. The protection in this case is provided
by RSVP FRR. If the prefix primary NH is direct, then an LFA NH is computed. A direct LFA NH is
preferred over a tunneled LFA NH. Within each LFA NH type, node protection is preferred over link
protection. The configuration command is:

[/]
A:admin@<a PE># configure {
router "Base" {
mpls {
lsp "<LSP Name>" {
igp-shortcut {
1fa-type lfa-protect

}

}

» The Ifa-only option includes the LSP in the LFA SPFs only so that the introduction of IGP shortcuts
does not impact the main SPF decision. The prefix primary NH is always direct and the prefix LFA NH
is computed. A direct LFA NH is preferred over a tunneled LFA NH. Within each LFA NH type, node
protection is preferred over link protection. The configuration command is:

[/]
A:admin@<a PE># configure {
router "Base" {
mpls {
lsp "<LSP Name>" {
igp-shortcut {
1fa-type lfa-only

h

}

LDP/IP FRR is a local decision, so it can be enabled per node and there are no interoperability issues with
other nodes. In the topology, PE-2 is provisioned with IS-IS LFA (OSPF configuration for the rest of this
section is similar):

[/1]
A:admin@PE-2# configure {
router "Base" {
isis 0 {
loopfree-alternate { }

}
}
}
The second item to configure is whether LDP or IP FRR is provisioned. To configure IP FRR, the command
is:
[/1
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A:admin@PE-2# configure {
routing-options {
ip-fast-reroute true
}
}

To configure LDP FRR, the following command is used:

[/]
A:admin@PE-2# configure {
router "Base" {

ldp {
fast-reroute
}

}

Although not shown, it is recommended to enable IGP-LDP synchronization per interface to avoid possible
traffic black-holes.

LFA is enabled in all routers of the topology. The following command shows the LFA coverage on PE-2
where four nodes out of five are protected (80%) and seven of the ten prefixes are protected (70%). IPv4
prefixes are protected (IPv6 is not configured). The following output shows L1 and L2 because this node is
provisioned as an L1-L2 IS-IS router.

[/1]
A:admin@PE-2# show router isis 1fa-coverage

Rtr Base ISIS Instance O LFA Coverage

Topology Level Node IPv4 IPv6

IPV4 Unicast L1 4/5(80%) 7/10(70%) 0/0(0%)
IPV6 Unicast L1 0/0(0%) 0/0(0%) 0/0(0%)
IPV4 Multicast L1 0/0(0%) 0/0(0%) 0/0(0%)
IPV6 Multicast L1 0/0(0%) 0/0(0%) 0/0(0%)
IPV4 Unicast L2 4/5(80%) 7/10(70%) 0/0(0%)
IPV6 Unicast L2 0/0(0%) 0/0(0%) 0/0(0%)
IPV4 Multicast L2 0/0(0%) 0/0(0%) 0/0(0%)
IPV6 Multicast L2 0/0(0%) 0/0(0%) 0/0(0%)

PE-2, PE-3, PE-4, and PE-5 share the same results, whereas only PE-1 and PE-6 have a coverage of
100% as shown in the following output.

[/]
A:admin@PE-1# show router isis 1fa-coverage

Rtr Base ISIS Instance O LFA Coverage

Topology Level Node IPv4 IPv6

IPV4 Unicast L1 5/5(100%) 11/11(100%) 0/0(0%)
IPV6 Unicast L1 0/0(0%) 0/0(0%) 0/0(0%)
IPV4 Multicast L1 0/0(0%) 0/0(0%) 0/0(0%)
IPV6 Multicast L1 0/0(0%) 0/0(0%) 0/0(0%)
IPV4 Unicast L2 5/5(100%) 11/11(100%) 0/0(0%)
IPV6 Unicast L2 0/0(0%) 0/0(0%) 0/0(0%)
IPVA Multicast L2 0/0(0%) 0/0(0%) 0/0(0%)
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IPV6 Multicast

L2

0/0(0%) 0/0(0%)

0/0(0%)

Taking a deeper look into the IS-IS LFA on PE-2, it can be seen that the node which is not protected is
PE-4 (system address 192.0.2.4, because it is the one missing):

[/1

A:admin@PE-2# show router route-table alternative | match LFA pre-lines 2
192.0.2.1/32

192,
192.

168.12.
168.23.

192.0.2.3/32

192,
192.

168.23.
168.12.

192.0.2.5/32

192.
192,

168.23.
168.24.

192.0.2.6/32

192.
192.
192.168.13.
192.
192,
192.168.35.
192.
192.
192.168.56.
192,
192.

Flags: n =

168.24.
168.23.

0/30

168.12.
168.23.

0/30

168.23.
168.12.

0/30

168.23.
168.24.

Number

1
2

1

2
2

Remote
(LFA)

Remote
(LFA)

Remote
(LFA)

Remote
(LFA)

Remote
(LFA)

Remote
(LFA)

Remote
(LFA)

of times nexthop is repeated
Backup = BGP backup route
LFA = Loop-Free Alternate nexthop

ISIS

ISIS

ISIS

ISIS

ISIS

ISIS

ISIS

01h21ml18s

10

20
01h20m52s

10

20
01h20m18s

20

20
01h19m56s

20

30
01h21m18s

20

30
01h20m52s

20

30
01h20m18s

30

30

15

15

15

15

15

15

15

LFA is improved by taking advantage of RSVP shortcuts when it is properly provisioned. The reason why
PE-4 cannot be protected with an LFA path is because the direct NH is using the direct link between PE-2
and PE-4 (the shortest IGP) and the intended LFA path through PE-3 is not valid (when LFA tries to find an
alternate path via PE-3, the IGP cost from PE-3 to PE-4 is the same going via PE-5 as the path back via
PE-2, invalidating that LFA calculation because there is a loop). This is normal because PE-2, PE-3, PE-4
and PE-5 are forming a ring. LFA coverage is increased by adding a link between PE-2 and PE-5, which
can be done using a physical link or a virtual link with an RSVP shortcut. From the two possible options

(Ifa-only and Ifa-protect), a new LSP “LSP-PE-2-PE-5" is configured with igp-shortcut Ifa-only.

[/1]

A:admin@PE-2# configure {
router "Base" {
mpls {
admin-state enable
path "path-to-PE-5" {
admin-state enable
hop 10 {
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ip-address 192.0.2.3
type strict

)
hop 20 {

ip-address 192.0.2.5
type strict

}

1sp "LSP-PE-2-PE-5" {
admin-state enable
to 192.0.2.5
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type p2p-rsvp
primary "path-to-PE-5" { }
igp-shortcut {
1fa-type lfa-only
}

Figure 38: RSVP Shortcuts LFA Use Case Example

Sys: 192.0.2.2/32 Sys: 192.0.2.4/32

PE-2 PE-4
—
192.168.24.0/30 4
1 2
192:168.12.0/30 192.168.46.0/30
. A
1 LSP: PE2-PE-5 o
Sys: 192.0.2.1/32 192.168.23.0/30 192.168.45.0/30
3 .
2 2 LT
PE'1192 168.43.0/30 i 1216856030 PE;8
168.13. 192.168.35.0/30
1 2 1
PE-3 PE-5

Sys: 192.0.2.3/32 Sys: 192.0:2:6/32

Now the LFA coverage is 100% on PE-2 as shown by the following output:

[/1]
A:admin@PE-2# show router isis lfa-coverage

Sys: 192.0.2.6/32

al 0677

Rtr Base ISIS Instance O LFA Coverage

Topology Level Node
IPV4 Unicast L1 5/5(1
IPV6 Unicast L1 0/0(0
IPV4 Multicast L1 0/0(0
IPV6 Multicast L1 0/0(0
IPV4 Unicast L2 5/5(1
IPV6 Unicast L2 0/0(0
IPV4 Multicast L2 0/0(0
IPV6 Multicast L2 0/0(0

10/10(100%)
0/0(0%)
0/0(0%)
0/0(0%)
10/10(100%)
0/0(0%)
0/0(0%)
0/0(0%)

The GRT details the prefix information after the new LFA calculation using the Ifa-only option (the shortcut
is used by LFA SPF). The metric from PE-2 to PE-4 is the maximum plus the IGP cost (16777215 + 10)
and the shortcut is also used to protect the rest of the previously unprotected prefixes:

[/1

A:admin@PE-2# show router route-table alternative | match LFA pre-lines 2

192.0.2.1/32
192.168.12.1
192.168.23.2 (LFA)
192.0.2.3/32
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Remote

Remote
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20
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192.168.23.2 10
192.168.12.1 (LFA) 20
192.0.2.4/32 Remote ISIS 01h22m47s 15
192.168.24.2 10

192.0.2.5 (LFA) (tunneled:RSVP:1) 16777225
192.0.2.5/32 Remote ISIS 01h22m27s 15
192.168.23.2 20
192.168.24.2 (LFA) 20
192.0.2.6/32 Remote ISIS 01h22mO5s 15
192.168.24.2 20
192.168.23.2 (LFA) 30
192.168.13.0/30 Remote ISIS 01h23m27s 15
192.168.12.1 20
192.168.23.2 (LFA) 30
192.168.35.0/30 Remote ISIS 01h23mO1ls 15
192.168.23.2 20
192.168.12.1 (LFA) 30
192.168.45.0/30 Remote ISIS 01h22m47s 15
192.168.24.2 20

192.0.2.5 (LFA) (tunneled:RSVP:1) 16777235
192.168.46.0/30 Remote ISIS 01h22m47s 15
192.168.24.2 20
192.0.2.5 (LFA) (tunneled:RSVP:1) 16777235
192.168.56.0/30 Remote ISIS 01h22m27s 15
192.168.23.2 30
192.168.24.2 (LFA) 30

Flags: n = Number of times nexthop is repeated
Backup = BGP backup route
LFA = Loop-Free Alternate nexthop

The tunnel table shows the RSVP LSP used as a shortcut and its operational metric.

[/]
A:admin@PE-2# show router tunnel-table 192.0.2.5

IPv4 Tunnel Table (Router: Base)

Destination Owner Encap Tunnelld Pref Nexthop Metric
Color

192.0.2.5/32 rsvp MPLS 1 7 192.168.23.2 16777215

192.0.2.5/32 [L] ldp MPLS 65540 9 192.168.23.2 20

Flags: B BGP or MPLS backup hop available

Loop-Free Alternate (LFA) hop available
Inactive best-external BGP route
RIB-API or Forwarding Policy backup hop

If the LSP “LSP-PE-2-PE-5" is provisioned with Ifa-protect instead of Ifa-only, the result is that the LSP
"LSP-PE-2-PE-5" is used by normal SPF to define the primary NH and it is not used by LFA SPF anymore.

[/]
A:admin@PE-2# configure {
router "Base" {
mpls {
1sp "LSP-PE-2-PE-5" {
igp-shortcut {
1fa-type lfa-protect
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}

The coverage when Ifa-protect is used also shows a 100% for nodes and 100% for prefixes, as follows.

[/1

A:admin@PE-2# show router isis 1fa-coverage

Rtr

Base ISIS Instance O LFA Coverage

Topo

logy Level Node
Unicast L1 5/5(100%)
Unicast L1 0/0(0%)
Multicast L1 0/0(0%)
Multicast L1 0/0(0%)
Unicast L2 5/5(100%)
Unicast L2 0/0(0%)
Multicast L2 0/0(0%)
Multicast L2 0/0(0%)

In this case, the GRT looks as follows, the main difference being that now PE-5 (192.0.2.5) has a direct
shortcut from PE-2:

[/1]

A:admin@PE-2# show router route-table alternative

Rout

e Table (Router: Base)

Dest

Prefix[Flags]
Next Hop[Interface Name]
Alt-NextHop

Type

Proto

Age Pref
Metric

Alt-

Metric

192.

192.

192.

192.

192.

192

192

192.

.0.2.1/32

192.168.12.1
192.168.23.2 (LFA)

.0.2.2/32

system
0.2.3/32

192.168.23.2

192.168.12.1 (LFA)
0.2.4/32

192.168.24.2

192.0.2.5 (LFA) (tunneled:RSVP:1)
0.2.5/32

192.0.2.5 (tunneled:RSVP:1)
0.2.6/32

192.168.24.2

192.168.23.2 (LFA)
168.12.0/30

int-PE-2-PE-1

.168.13.0/30

192.168.12.1
192.168.23.2 (LFA)

.168.23.0/30

int-PE-2-PE-3
168.24.0/30
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Local

Remote

Remote

Remote

Remote

Local

Remote

Local

Local

ISIS

ISIS

ISIS

Local

ISIS

Local

Local
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01h24m50s 15
10
20
01h24m51s 0
0
01h24m24s 15
10
20
01h24ml10s 15
10
16777225
00h00mM45s 15
16777215
01h23m28s 15
20
30
01h24m51s 0
0
01h24m50s 15
20
30
01h24m51s 0
0
01h24m51s 0
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int-PE-2-PE-4 0
192.168.35.0/30 Remote 1ISIS 01h24m24s 15
192.168.23.2 20
192.168.12.1 (LFA) 30
192.168.45.0/30 Remote ISIS 01h24m10s 15
192.168.24.2 20

192.0.2.5 (LFA) (tunneled:RSVP:1) 16777235
192.168.46.0/30 Remote ISIS 01h24m10s 15
192.168.24.2 20

192.0.2.5 (LFA) (tunneled:RSVP:1) 16777235
192.168.56.0/30 Remote ISIS 00h0OmM45s 15

192.168.24.2 30

192.168.23.2 (LFA) 40

No. of Routes: 14

Flags: n = Number of times nexthop is repeated
Backup = BGP backup route
LFA = Loop-Free Alternate nexthop
S = Sticky ECMP requested

Rules Determining the Installation of Shortcuts into the RTM

Although it was already mentioned in the RSVP-TE LSP shortcut for IGP route resolution section, the rules
determining how shortcuts are installed into the RTM are (sorted by higher priority):

* RSVP shortcut.

* LDP shortcut.

» IGP route with regular IP next hop.

» The implementation is compliant with RFC 3906.

To check the rules, the network configuration is iLDP in all interfaces with LDP shortcuts enabled, there is
also an RSVP LSP from PE-6 to PE-3 available but RSVP shortcuts are disabled. The topology is shown in
Figure 39: Network Topology to Verify Installation of Shortcuts into the RTM.

Figure 39: Network Topology to Verify Installation of Shortcuts into the RTM
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The following RSVP LSP is needed between PE-6 and PE-3.

[/1]
A:admin@PE-6# configure {
router "Base" {
ldp {
ldp-shortcut {
ipv4 true
}

[/1]
A:admin@PE-6# configure {
router "Base" {
isis 0 {
delete loopfree-alternate
igp-shortcut {
tunnel-next-hop {
family ipv4 {
resolution-filter {
rsvp false
}
resolution none
}
}

admin-state disable

[/1
A:admin@PE-6# configure {
router "Base" {
mpls {
path "loose path" {
admin-state enable
}
lsp "LSP-PE-6-PE-3" {
admin-state enable
to 192.0.2.3
type p2p-rsvp
primary "loose path" { }
path-computation-method local-cspf

}

The routes in the routing table on PE-6 are the following:

[/1]
A:admin@PE-6# show router route-table

Route Table (Router: Base)

Dest Prefix[Flags] Type
Next Hop[Interface Name]

Proto Age Pref
Metric
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.0.2.1/32
192.168.56.
.0.2.2/32
192.168.56.
.0.2.3/32
192.168.56.
192.
192.
192.
192.
192.
192.

192.

No.

Flags: n

0.2.5/32

192.168.56.

0.2.6/32
system
168.12.0/30

192.168.56.

168.13.0/30

192.168.56.

168.23.0/30

192.168.56.

168.35.0/30

192.168.56.

168.56.0/30

1 (tunneled)
1 (tunneled)
1 (tunneled)

1 (tunneled)

1

1

int-PE-6-PE-5

of Routes: 10

B
L
S

Remote LDP
Remote LDP
Remote LDP
Remote LDP
Local Local
Remote ISIS
Remote ISIS
Remote ISIS
Remote ISIS

Local Local

Number of times nexthop is repeated
BGP backup route available

LFA nexthop available

Sticky ECMP requested

00h0OMO0Os
30
00h0OMO0Os
30
00h0OMO0Os
20
00h0OMO0Os
10
01h28m21s
0
00h02m0O8s
40
00h19m24s
30
00h02m0O8s
30
00h22ml4s
20
01h28m21s

15

15

15

15

The tunnel table shows the LSPs available for the shortcuts, and therefore, these are used in the GRT for
LDP (but not for RSVP):

[/1

A:admin@PE-6# show router tunnel-table

IPv4 Tunnel Table (Router: Base)
Destination Owner Encap Tunnelld Pref Nexthop Metric
Color

192.0.2.1/32 ldp MPLS 65547 9 192.168.56.1 30
192.0.2.2/32 ldp MPLS 65544 9 192.168.56.1 30
192.0.2.3/32 rsvp MPLS 4 7 192.168.56.1 20
192.0.2.3/32 ldp MPLS 65545 9 192.168.56.1 20
192.0.2.5/32 ldp MPLS 65540 9 192.168.56.1 10
Flags: B = BGP or MPLS backup hop available

L = Loop-Free Alternate (LFA) hop available

E = Inactive best-external BGP route

k = RIB-API or Forwarding Policy backup hop

So far, LDP shortcuts are preferred over the IGP next hops for the system addresses (router ID). After
enabling RSVP shortcuts in the I1S-IS context, the changes in the GRT are:

[/1]

A:admin@PE-6# configure {

router "
isis
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Base" {
0 {
igp-shortcut {

admin-state enable
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[/1]

A:admin@PE-6# show router route-table next-hop-type tunneled

tunnel-next-hop
family ipv4

resolution filter
resolution-filter {
rsvp true

}

{
{

Route Table (Router: Base)

Des

t Prefix[Flags]
Next Hop[Interface Name]

Proto

Age
Metric

192.0.2.1/32

192.

192

192.

192.

192.0.2.3 (tunneled:RSVP:
.0.2.2/32

192.0.2.3 (tunneled:RSVP:
.0.2.3/32

192.0.2.3 (tunneled:RSVP
0.2.5/32

192.168.56.1 (tunneled)
.168.12.0/30

192.0.2.3 (tunneled:RSVP:
168.13.0/30

192.0.2.3 (tunneled:RSVP:
168.23.0/30

192.0.2.3 (tunneled:RSVP:

4)

4)

:4)

Remote

Remote

Remote

Remote

Remote

Remote

Remote

LDP

ISIS

ISIS

ISIS

00h0OmM27s
30
00h0OmM27s
30
00h0OmM27s
20
00h00m30s
10
00h0OmM27s
40
00h0OmM27s
30
00h0OmM27s
30

15

15

15

No.
Fla

of Routes: 7
gs: n

LFA nexthop available
Sticky ECMP requested

B
L
S

Number of times nexthop is repeated
BGP backup route available

The GRT shows that PE-6 is using an LDP shortcut to reach PE-5, but PE-6 is using the RSVP shortcut to
reach not only PE-3’s system address, but also PE-1 and PE-2 routes (including all interfaces) which were
behind the RSVP LSP shortcut.

In summary, the behavior is:

1. When resolving a prefix, SPF picks the RSVP shortcut next hop if there is an RSVP LSP directly to that
address regardless of the IGP path cost compared to the IGP next hop. When multiple RSVP LSPs to
that address exist and all have the same lowest metric, if ECMP is enabled on the system, the LSP with
the lowest tunnel ID is chosen. In this example, if LSP “LSP-PE-6-PE-3” is provisioned with a metric of

100 (IGP metric is 20), the GRT shows that the PE-3 system address is reachable via the LSP.

3HE 20797 AAAE
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A:admin@PE-6# show router route-table 192.0.2.3

Route Table (Router: Base)

TQZZA

© 2025 Nokia.

Use subject to Terms available at: www.nokia.com/terms.

192



MPLS Advanced Configuration Guide for MD CLI

Releases up to 25.7.R2 IGP Shortcuts

Dest Prefix[Flags] Type Proto Age Pref
Next Hop[Interface Name] Metric

192.0.2.3/32 Remote ISIS 00hoOm53s 15

192.0.2.3 (tunneled:RSVP:4) 100

No. of Routes: 1

Flags: n Number of times nexthop is repeated

BGP backup route available

LFA nexthop available

Sticky ECMP requested

B
L
S

2. SPF also picks the RSVP LSP shortcut if both the LSP path and the IGP path to the prefix are via the
tail-end of the LSP. This is regardless of the path cost compared to the IGP next hop. When paths over
multiple RSVP shortcuts have the same lowest cost, if ECMP is enabled on the system, the LSP with
the lowest tunnel ID is chosen. In this example, 192.168.13.0 and 192.168.23.0 are using the shortcut
but 192.168.12.0 is not.

[/1]
A:admin@PE-6# show router route-table

Route Table (Router: Base)

Dest Prefix[Flags] Type Proto Age Pref
Next Hop[Interface Name] Metric
192.0.2.1/32 Remote LDP 00h0OmM53s 9
192.168.56.1 (tunneled) 30
192.0.2.2/32 Remote LDP 00h0OmM53s 9
192.168.56.1 (tunneled) 30
192.0.2.3/32 Remote ISIS 00h0OmM53s 15
192.0.2.3 (tunneled:RSVP:4) 100
192.0.2.5/32 Remote LDP 00h01m25s 9
192.168.56.1 (tunneled) 10
192.0.2.6/32 Local Local 01h29m45s 0
system 0
192.168.12.0/30 Remote ISIS 00h0OmM53s 15
192.168.56.1 40
192.168.13.0/30 Remote ISIS 00h0OmM53s 15
192.0.2.3 (tunneled:RSVP:4) 110
192.168.23.0/30 Remote ISIS 00h0OmM53s 15
192.0.2.3 (tunneled:RSVP:4) 110
192.168.35.0/30 Remote ISIS 00h23m39s 15
192.168.56.1 20
192.168.56.0/30 Local Local 01h29m45s 0
int-PE-6-PE-5 0

No. of Routes: 10

Flags: n = Number of times nexthop is repeated
B = BGP backup route available
L = LFA nexthop available
S = Sticky ECMP requested
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LDP/RSVP LSP Shortcut for BGP NH Resolution

Using LDP/RSVP LSP shortcuts for resolving BGP next hops allows IPv4 packet forwarding to routes
resolved via a BGP next hop using an LDP/RSVP LSP instead of using a regular IP next hop. In the
network topology of Figure 36: Example Topology, both PE-3 and PE-6 have a single peer configured,
initially without any shortcuts enabled under the bgp context. Also, one static route is configured in PE-3
and PE-6 and that is redistributed into BGP. The relevant configuration on PE-3 is the following:

[/]
A:admin@PE-3# configure {
router "Base" {
interface "int-static-route" {
ipvd {
primary {
address 172.16.33.1
prefix-length 30
}

}
port 1/1/4:33
}
autonomous-system 65536
static-routes {
route 10.10.10.0/24 route-type unicast {
next-hop "172.16.33.2" {
admin-state enable
}

}

[/1]
A:admin@PE-3# configure {
policy-options {
policy-statement "static-routes-policy" {
description "export static-routes for I-BGP"
entry 10 {
from {
protocol {
name [static]
}
}
to {
protocol {
name [bgp]
}
}
action {
action-type accept
next-hop self
}
}
default-action {
action-type reject
}

}

[/1
A:admin@PE-3# configure {
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router "Base" {
bgp {
export {
policy ["static-routes-policy"]
group "ibgp" {
peer-as 65536
}
neighbor 192.0.2.6 {
group "ibgp"
}
}
}
Checking the static route received on PE-6 via BGP, the next hop is the PE-3 system address:
[/]
A:admin@PE-6# show router bgp routes 10.10.10.0/24 detail
BGP Router ID:192.0.2.6 AS:65536 Local AS:65536
Legend -
Status codes u - used, s - suppressed, h - history, d - decayed, * - valid
1 - leaked, x - stale, > - best, b - backup, p - purge
Origin codes : i - IGP, e - EGP, ? - incomplete
BGP IPv4 Routes
Original Attributes
Network : 10.10.10.0/24
Nexthop : 192.0.2.3
Path Id : None
From : 192.0.2.3
Res. Protocol : ISIS Res. Metric 1 20
Res. Nexthop : 192.168.56.1
Local Pref. : 100 Interface Name : int-PE-6-PE-5
Aggregator AS : None Aggregator : None
Atomic Aggr. : Not Atomic MED : None
AIGP Metric : None IGP Cost 1 20
Connector : None
Community : No Community Members
Cluster : No Cluster Members
Originator Id : None Peer Router Id : 192.0.2.3
Fwd Class : None Priority : None
Flags : Used Valid Best Incomplete In-RTM
Route Source : Internal
AS-Path : No As-Path
Route Tag : 0
Neighbor-AS : n/a
Orig Validation: NotFound
Source Class : 0 Dest Class : 0
Add Paths Send : Default
RIB Priority : Normal
Last Modified : 00h01m32s
Modified Attributes
---snip---
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Routes : 1

Three of the BGP peering configuration possibilities are LDP, RSVP, or BGP. The other resolution filter
options are related to segment routing and are beyond the scope of this chapter. In case both LDP and
RSVP are included in the filter, RSVP is preferred. Disabling the IGP is also allowed (meaning that unless
there is a shortcut, the BGP peering will not fall back to IGP):

[/]
A:admin@PE-6# configure {
router "Base" {
bgp {
next-hop-resolution {
shortcut-tunnel {
family ipv4 {
resolution ?

resolution <keyword>
<keyword> - (none|filter|any)
Default - none

Resolution mode for binding BGP routes to tunnel types

[/]
A:admin@PE-6# configure {
router "Base" {
bgp {
next-hop-resolution {
shortcut-tunnel {
family ipv4 {
resolution-filter ?

resolution-filter

bgp - Use BGP tunneling for next-hop resolution

ldp - Use LDP tunneling for next-hop resolution
mpls-fwd-policy - Use MPLS forwarding policy for next-hop resolution
rib-api - Use RIB API gRPC service for next-hop resolution
rsvp - Use RSVP tunneling for next-hop resolution

sr-isis - Use IS-IS SR tunneling for next-hop resolution
sr-ospf - Use OSPF SR tunneling for next-hop resolution
sr-ospf3 - Use OSPFv3 SR tunneling for next-hop resolution
sr-policy - Use SR policies for next-hop resolution

sr-te - Use SR-TE tunneling for next-hop resolution

When enabling LDP shortcuts on PE-6, the output changes showing the detail of the received BGP route
indicating that the next hop is resolved using LDP:

configure {
router "Base" {
bgp {
next-hop-resolution {
shortcut-tunnel {
family ipv4 {
resolution-filter {

ldp true
}
resolution filter
}
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}
}
}
[/1
A:admin@PE-6# show router bgp routes 10.10.10.0/24 detail
BGP Router ID:192.0.2.6 AS:65536 Local AS:65536
Legend -
Status codes u - used, s - suppressed, h - history, d - decayed, * - valid
1 - leaked, x - stale, > - best, b - backup, p - purge
Origin codes : i - IGP, e - EGP, ? - incomplete
BGP IPv4 Routes
Original Attributes
Network : 10.10.10.0/24
Nexthop : 192.0.2.3
Path Id : None
From : 192.0.2.3
Res. Protocol : LDP Res. Metric : 20
Res. Nexthop : 192.0.2.3 (LDP)
Local Pref. : 100 Interface Name : NotAvailable
Aggregator AS : None Aggregator : None
Atomic Aggr. : Not Atomic MED : None
AIGP Metric : None IGP Cost 1 20
Connector : None
Community : No Community Members
Cluster : No Cluster Members
Originator Id : None Peer Router Id : 192.0.2.3
Fwd Class : None Priority : None
Flags : Used Valid Best Incomplete In-RTM
Route Source : Internal
AS-Path : No As-Path
Route Tag : 0
Neighbor-AS : n/a
Orig Validation: NotFound
Source Class HC) Dest Class HC)
Add Paths Send : Default
RIB Priority : Normal
Last Modified : 00h02m32s
Modified Attributes
---snip---
Routes : 1
The GRT output command also shows that the route is reachable using LDP (indicated as tunneled):
[/1]
A:admin@PE-6# show router route-table next-hop-type tunneled
Route Table (Router: Base)
Dest Prefix[Flags] Type Proto Age
Next Hop[Interface Name] Metric
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10.10.10.0/24 Remote BGP 00hoOmM30s 170
192.0.2.3 (tunneled) 20
No. of Routes: 1
Flags: n = Number of times nexthop is repeated
B = BGP backup route available
L = LFA nexthop available
S = Sticky ECMP requested
The previously created LSP LSP-PE-6-PE-3 is up and running:
[/]
A:admin@PE-6# show router mpls lsp "LSP-PE-6-PE-3" path detail
MPLS LSP LSP-PE-6-PE-3 Path (Detail)
Legend :
@ - Detour Available Detour In Use
b - Bandwidth Protected Node Protected
s - Soft Preemption
S - Strict L - Loose
A - ABR + - Inherited
LSP LSP-PE-6-PE-3
Path loose path
LSP Name LSP-PE-6-PE-3
From 192.0.2.6
To 192.0.2.3
Admin State : Up Oper State : Up
Path Name : loose path
Path LSP ID : 9216 Path Type : Primary
Path Admin : Up Path Oper : Up
Out Interface 1/1/1 Out Label 1 524283
Path Up Time : 0d 00:13:27 Path Down Time : 0d 00:00:00
Retry Limit 1 0 Retry Timer : 30 sec
Retry Attempt 1 0 Next Retry In 1 0 sec
---snip---
Adspec : Disabled Oper Adspec : Disabled
PathCompMethod : local-cspf OperPathCompMethod: local-cspf
MetricType : igp Oper MetricType : igp
Least Fill : Disabled Oper LeastFill : Disabled
FRR : Disabled Oper FRR : Disabled
Propagate Adm Grp: Disabled Oper Prop Adm Grp : Disabled
Inter-area : False
---snip---
Adaptive : Enabled Oper Metric 100
Preference i n/a
Path Trans 1 CSPF Queries 1
Failure Code : noError
Failure Node : n/a
Explicit Hops
No Hops Specified
Actual Hops :
192.168.56.2(192.0.2.6) Record Label : N/A
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-> 192.168.56.1(192.0.2.5) Record Label : 524283

-> 192.168.35.1(192.0.2.3) Record Label : 524284
Computed Hops :

192.168.56.2(S)

-> 192.168.56.1(S)

-> 192.168.35.1(S)
Resignal Eligible: False
Last Resignal i n/a CSPF Metric 1 20

After adding resolution-filter rsvp to the shortcut-tunnel configuration in the bgp context, the output

shows that the BGP peer is reachable using an RSVP LSP (switched from LDP to RSVP because RSVP is

preferred):

[/]
A:admin@PE-6# configure {
router "Base" {
bgp {
next-hop-resolution {
shortcut-tunnel {
family ipv4 {
resolution-filter {

ldp true
rsvp true
}
resolution filter
}
}
}
}
}
}
[/1]
A:admin@PE-6# show router bgp routes 10.10.10.0/24 detail
BGP Router ID:192.0.2.6 AS:65536 Local AS:65536
Legend -
Status codes : u - used, s - suppressed, h - history, d - decayed, * - valid
1 - leaked, x - stale, > - best, b - backup, p - purge
Origin codes : i - IGP, e - EGP, ? - incomplete

BGP IPv4 Routes

Original Attributes

Network : 10.10.10.0/24
Nexthop : 192.0.2.3
Path Id : None
From : 192.0.2.3
Res. Protocol : RSVP Res. Metric : 100
Res. Nexthop 1 192.0.2.3 (RSVP LSP: 4)
Local Pref. : 100 Interface Name : NotAvailable
Aggregator AS : None Aggregator : None
Atomic Aggr. : Not Atomic MED : None
AIGP Metric : None IGP Cost : 100
Connector : None
Community : No Community Members
Cluster : No Cluster Members
Originator Id : None Peer Router Id : 192.0.2.3
Fwd Class : None Priority : None
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Flags : Used Valid Best Incomplete In-RTM

Route Source : Internal

AS-Path : No As-Path

Route Tag : 0

Neighbor-AS i n/a

Orig Validation: NotFound

Source Class HC) Dest Class 1 0
Add Paths Send : Default

RIB Priority : Normal

Last Modified : 00hO3m59s

Modified Attributes

---snip---

Routes : 1

The GRT output command also shows that the route is reachable using RSVP (indicated as
tunneled:RSVP:4):

[/1]
A:admin@PE-6# show router route-table next-hop-type tunneled

Route Table (Router: Base)

Dest Prefix[Flags] Type Proto Age Pref
Next Hop[Interface Name] Metric
10.10.10.0/24 Remote BGP 00heGm33s 170
192.0.2.3 (tunneled:RSVP:4) 100

No. of Routes: 1

Flags: n Number of times nexthop is repeated
BGP backup route available

LFA nexthop available

Sticky ECMP requested

B
L
S

If the RSVP LSP is disabled, the system reverts back to the LDP LSP:

configure {
router "Base" {
mpls {
1sp "LSP-PE-6-PE-3" {
admin-state disable
}

[/]
A:admin@PE-6# show router bgp routes 10.10.10.0/24 detail

BGP Router ID:192.0.2.6 AS:65536 Local AS:65536

Legend -
Status codes : u - used, s - suppressed, h - history, d - decayed, * - valid
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1 - leaked, x - stale, > - best, b - backup, p - purge
Origin codes : i - IGP, e - EGP, ? - incomplete

BGP IPv4 Routes

Original Attributes

Network : 10.10.10.0/24

Nexthop 1 192.0.2.3

Path Id : None

From : 192.0.2.3

Res. Protocol : LDP Res. Metric 1 20
Res. Nexthop 1 192.0.2.3 (LDP)

Local Pref. : 100 Interface Name : NotAvailable
Aggregator AS : None Aggregator : None
Atomic Aggr. : Not Atomic MED : None
AIGP Metric : None IGP Cost 1 20
Connector : None

Community : No Community Members

Cluster : No Cluster Members

Originator Id : None Peer Router Id : 192.0.2.3
Fwd Class : None Priority : None
Flags : Used Valid Best Incomplete In-RTM

Route Source : Internal

AS-Path : No As-Path

Route Tag : 0

Neighbor-AS : n/a

Orig Validation: NotFound

Source Class : 0 Dest Class 1 0
Add Paths Send : Default

RIB Priority : Normal

Last Modified : 00h04m21ls

Modified Attributes

---snip---

When the shortcut tunnel with resolution-filter rsvp is enabled at the BGP level, all RSVP LSPs
originating on this node are eligible to be used by default as long as the destination address of the LSP
corresponds to that of the BGP next hop for that prefix. It is also possible to exclude a specific RSVP LSP
from BGP next hop resolution, similar to the exclusion of a specific RSVP LSP being used as a shortcut for
resolving IGP routes. In this example, if the RSVP LSP LSP-PE-6-PE-3 is excluded to be eligible for BGP
next hop resolution, it reverts back to LDP.

[/1]
A:admin@PE-6# configure {
router "Base" {
mpls {
lsp "LSP-PE-6-PE-3" {
admin-state enable
delete bgp-shortcut
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[/1]
A:admin@PE-6# show router route-table 10.10.10.0

Route Table (Router: Base)

Dest Prefix[Flags] Type Proto Age Pref
Next Hop[Interface Name] Metric
10.10.10.0/24 Remote BGP 00h0OM29s 170
192.0.2.3 (tunneled:RSVP:4) 100

No. of Routes: 1

Flags: n = Number of times nexthop is repeated
B = BGP backup route available
L = LFA nexthop available
S = Sticky ECMP requested

If the configuration is using disallow-igp, and neither LDP nor RSVP LSPs are available, the remote route
received via BGP is removed from the GRT although the BGP peer session remains up. A field in the
detailed show BGP route output indicates that the next hop is "Unresolved”:

[/]
A:admin@PE-6# configure {
router "Base" {
bgp {
next-hop-resolution {
shortcut-tunnel {
family ipv4 {
disallow-igp true
}

[/1]
A:admin@PE-6# configure {
router "Base" {
ldp {
admin-state disable

}
)

)

[/]
A:admin@PE-6# show router bgp routes 10.10.10.0/24 detail

BGP Router ID:192.0.2.6 AS:65536 Local AS:65536

Legend -

Status codes u - used, s - suppressed, h - history, d - decayed, * - valid

1 - leaked, x - stale, > - best, b - backup, p - purge
Origin codes : i - IGP, e - EGP, ? - incomplete
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BGP IPv4 Routes
Original Attributes
Network : 10.10.10.0/24
Nexthop : 192.0.2.3
Path Id : None
From : 192.0.2.3
Res. Protocol : INVALID Res. Metric : 0
Res. Nexthop : Unresolved
Local Pref. : 100 Interface Name : NotAvailable
Aggregator AS : None Aggregator : None
Atomic Aggr. : Not Atomic MED : None
AIGP Metric : None IGP Cost 1 0
Connector : None
Community : No Community Members
Cluster : No Cluster Members
Originator Id : None Peer Router Id : 192.0.2.3
Fwd Class : None Priority : None
Flags : Invalid Incomplete Nexthop-Unresolved
Route Source : Internal
AS-Path : No As-Path
Route Tag : 0
Neighbor-AS : n/a
Orig Validation: NotFound
Source Class : 0 Dest Class 1 0
Add Paths Send : Default
RIB Priority : Normal
Last Modified : 00h10m33s
Modified Attributes
---snip---
Routes : 1

Because the route is unresolved, it does not appear in the GRT:
[/1]
A:admin@PE-6# show router route-table 10.10.10.0
Route Table (Router: Base)
Dest Prefix[Flags] Type Proto Age Pref

Next Hop[Interface Name] Metric
No. of Routes:
Flags: n = Number of times nexthop is repeated
B = BGP backup route available
L = LFA nexthop available
S = Sticky ECMP requested
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MPLS/GRE Shortcut for BGP NH Resolution within a VRF

Using RSVP/LDP or GRE shortcuts for resolving BGP next hops within a Virtual Private Routed Network
(VPRN), also known as auto-bind-tunnel, allows a VPRN service to automatically resolve the BGP next
hop for VPRN routes to an MPLS LSP or a GRE tunnel. Three possible mechanisms exist to provide
transport tunnels for forwarding traffic between PE routers within an RFC 4364, BGP/MPLS IP Virtual
Private Networks (VPNs), network:

* RSVP-TE protocol to create tunnel LSPs between PE routers.
» LDP protocol to create tunnel LSPs between PE routers.
* GRE tunnels between PE routers.

These transport tunneling mechanisms provide the flexibility to use dynamically created LSPs where

the service tunnels are automatically bound (the auto-bind-tunnel feature), and the ability to provide
certain VPN services with their own transport tunnels by explicitly binding SDPs if desired. All services
using the auto-bind-tunnel feature use the same set of LSPs, which does not allow for alternate tunneling
mechanisms (like GRE) or the ability to craft sets of LSPs with bandwidth reservations for specific
customers, as is available with explicit SDPs for the service.

The auto-bind-tunnel configuration is as follows:

[/1]
A:admin@PE-2# configure {
service {
vprn "NON_EXISTING VPRN" {
bgp-ipvpn {
mpls {
auto-bind-tunnel
?
allow-flex-algo- - Enable flexible algorithm fallback
fallback
apply-groups - Apply a configuration group at this level
apply-groups-exclude - Exclude a configuration group at this level
ecmp - Maximum ECMP routes allowed
enforce-strict- - Allow enforcement of strict tunnel tagging
tunnel-tagging
resolution - Resolution method for tunnel selection
resolution-filter + Enter the resolution-filter context
weighted-ecmp - Allow weighted load-balancing
[/1]
A:admin@PE-2# configure {
service {
vprn "NON_EXISTING VPRN" {
bgp-ipvpn {
mpls {

auto-bind-tunnel {
resolution ?

resolution <keyword>
<keyword> - (none|filter|any)
Default - none
Resolution method for tunnel selection

[/]
A:admin@PE-2# configure {
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service {
vprn "NON_EXISTING VPRN" {
bgp-ipvpn {
mpls {
auto-bind-tunnel {
resolution-filter ?

resolution-filter

bgp - Use BGP tunneling for next-hop resolution

gre - Use GRE tunneling for next-hop resolution

ldp - Use LDP tunneling for next-hop resolution
mpls-fwd-policy - Use MPLS forwarding policy for next-hop resolution
rib-api - Use RIB API gRPC service for next-hop resolution
rsvp - Use RSVP tunneling for next-hop resolution

sr-isis - Use IS-IS SR tunneling for next-hop resolution
sr-ospf - Use OSPF SR tunneling for next-hop resolution
sr-ospf3 - Use OSPFv3 SR tunneling for next-hop resolution
sr-policy - Use SR policies for next-hop resolution

sr-te - Use SR-TE tunneling for next-hop resolution

udp - Use MPLS over UDP tunneling for next-hop resolution

Parameter descriptions:

» Idp — Specifies LDP-based LSPs should be used to resolve the BGP next hop for VPRN routes in an
associated VPRN instance.

» gre — Specifies GRE-based tunnels to be used to resolve the BGP next hop for VPRN routes in an
associated VPRN instance. GRE is out of the scope regarding shortcuts, refer to SR OS documentation
for further details.

* rsvp — Specifies RSVP-TE LSPs should be used to resolve the BGP next hop for VPRN routes in an
associated VPRN instance.

» the remaining parameters are beyond the scope of this chapter.

In all cases, if an explicit spoke-SDP is specified in the VPRN, it is always preferred over automatically
selected tunnels (even if the SDP is down, the route becomes inactive; there is no fallback to the automatic
selection).

The network is configured according to the topology shown in Figure 40: Shortcuts Within a VRF Topology
Network. Four PEs (PE-1, PE-2, PE-4, and PE-5) are connected forming a meshed IP-VPN (named
VPRN_1), using a route reflector on PE-3 for MP-BGP peering. All PEs have LDP tunnels enabled so at

a minimum all can establish LDP shortcut tunnels to the others. In order to have not only LDP but also
RSVP-TE LSPs and static SDPs (using an RSVP LSP) in the network, a mix of tunneling methods is
configured. For brevity, the configuration of PE-2 only is given, providing the details about the shortcuts
created by auto-bind-tunnel. PE-2 has a static SDP (RSVP-based) with PE-1, an RSVP LSP with PE-4,
and an LDP LSP with PE-5. Every PE has a CE connected, so each PE has an interface connected to the
CE as well as a static route to a CE LAN (although redistribution routing policies are needed, they are not
shown for brevity).
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Figure 40: Shortcuts Within a VRF Topology Network
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On PE-2, VPRN1 is configured as follows:

configure {
service {
sdp 1 {
admin-state enable
far-end {
ip-address 192.0.2.1
h

delivery-type mpls
lsp "LSP-PE-2-PE-1"

}
vprn "VPRN 1" {
admin-state enable
service-id 1
customer "1"
bgp-ipvpn {
mpls {
admin-state enable
route-distinguisher "65536:1"
vrf-import {
policy ["VPN1l-import"]
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}
vrf-export {

policy ["VPNl-export"]

}

auto-bind-tunnel {
resolution filter
resolution-filter {

gre true
ldp true
rsvp true
}
}
}
}
interface "to-CE-2" {
ipv4d {
primary {
address 172.16.2.1
prefix-length 24
}
}
sap 1/1/4:1 { }
}

static-routes {

route 172.16.22.0/24 route-type unicast {

next-hop "172.16.2.2" {
admin-state enable
}
}

}
spoke-sdp 1:1

}

As previously mentioned, regarding IP-VPN meshed connectivity, the configuration shows that there is a
static SDP 1 (pointing to PE-1), and the rest of the configuration is just auto-bind-tunnel. On PE-2, the
connectivity toward the other PEs in the network can be verified by checking VPRN_1:

[/1]
A:admin@PE-2# show router 1 route-table

Route Table (Service: 1)

Dest Prefix[Flags]
Next Hop[Interface Name]

172.16.1.0/24

192.0.2.1 (tunneled)
172.16.2.0/24

to-CE-2
172.16.4.0/24

192.0.2.4 (tunneled:RSVP:3)
172.16.5.0/24

192.0.2.5 (tunneled)
172.16.11.0/24

192.0.2.1 (tunneled)
172.16.22.0/24

172.16.2.2
172.16.44.0/24

192.0.2.4 (tunneled:RSVP:3)
172.16.55.0/24
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192.0.2.5 (tunneled) 20
No. of Routes: 8
Flags: n = Number of times nexthop is repeated

B = BGP backup route available

L = LFA nexthop available

S = Sticky ECMP requested

As can be seen, there are eight routes because every PE has two routes (one direct PE-CE interface and
one static route), so six routes are received from other PEs via MP-BGP. The VPRN__1 routing table can be
understood by looking at the tunnel table (active LSPs for remote system IDs):

[/1]
A:admin@PE-2# show router tunnel-table

IPv4 Tunnel Table (Router: Base)

Destination Owner Encap Tunnelld Pref Nexthop Metric
Color

192.0.2.1/32 sdp MPLS 1 5 192.0.2.1 0
192.0.2.1/32 rsvp MPLS 2 7 192.168.12.1 10
192.0.2.1/32 ldp MPLS 65537 9 192.168.12.1 10
192.0.2.3/32 ldp MPLS 65538 9 192.168.23.2 10
192.0.2.4/32 rsvp MPLS 3 7 192.168.24.2 10
192.0.2.4/32 rsvp MPLS 4 7 192.168.24.2 16777215
192.0.2.4/32 ldp MPLS 65545 9 192.168.24.2 10
192.0.2.5/32 ldp MPLS 65542 9 192.168.23.2 20
192.0.2.6/32 ldp MPLS 65546 9 192.168.24.2 20
Flags: B = BGP or MPLS backup hop available

L = Loop-Free Alternate (LFA) hop available

E = Inactive best-external BGP route

k = RIB-API or Forwarding Policy backup hop

The tunnel table shows one entry per LSP per remote PE. The following tunnel selection rules apply:
» SDP has the lowest (best) preference, followed by RSVP and then by LDP.
+ If the preference is the same, the lowest metric is selected (ECMP is possible with LDP).

PE-2 has three possibilities to reach PE-1 (192.0.2.1): an SDP tunnel ID 1 with preference 5, an RSVP
tunnel ID 2 with preference 7, and an LDP LSP with preference 9. Because SDP tunnel ID 1 has the lowest
preference, it is the chosen option. PE-2 has three possibilities to reach PE-4 (192.0.2.4): an RSVP tunnel
ID 3 with preference 7 and metric 10, an RSVP tunnel ID 4 with preference 7 and metric 16777215, and an
LDP LSP with preference 9; so RSVP tunnel ID 3 is selected. PE-2 only has one option to reach PE-5 and
PE-6 (192.0.2.5 and 192.0.2.6) using an LDP LSP.

The following FIB for router VPRN_1 on PE-2 provides more detailed information on the tunneling:

[/]
A:admin@PE-2# show router 1 fib 1

FIB Display

Prefix [Flags] Protocol
NextHop
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172.16.1.0/24

192.0.2.1 (VPRN Label:

172.16.2.0/24
172.16.2.0 (to-CE-2)
172.16.4.0/24

192.0.2.4 (VPRN Label:

172.16.5.0/24

192.0.2.5 (VPRN Label:

172.16.11.0/24

192.0.2.1 (VPRN Label:

172.16.22.0/24
172.16.2.2 (to-CE-2)
172.16.44.0/24

192.0.2.4 (VPRN Label:

172.16.55.0/24

192.0.2.5 (VPRN Label:

524281

524280

524282

524281

524280

524282

Transport:

Transport:
Transport:

Transport:

Transport:

Transport:

BGP_VPN
SDP:1)

LOCAL

BGP_VPN
RSVP LSP:3)

BGP_VPN
LDP)

BGP_VPN
SDP:1)

STATIC

BGP_VPN
RSVP LSP:3)

BGP_VPN
LDP)

The FIB shows the chosen transport tunnel, specifying SDP ID, RSVP Tunnel ID, and LDP, as well as
service label information linked to the routes.

Static SDP tunnels are preferred over dynamic tunnels (RSVP or LDP auto-bind-tunnel). When the static
SDP 1 is shut down or the LSP goes down (there is no fallback to dynamic tunneling), the associated

routes are removed:

[/]

A:admin@PE-2# configure {

service {
sdp 1 {

admin-state disable

}

[/1

A:admin@PE-2# show router 1 fib 1

FIB Display

Prefix [Flags]
NextHop

172.16.2.0/24
172.16.2.0 (to-CE-2)
172.16.4.0/24

Protocol

BGP_VPN

192.0.2.4 (VPRN Label:524280 Transport:RSVP LSP:3)

172.16.5.0/24

192.0.2.5 (VPRN Label:524282 Transport:LDP)

172.16.22.0/24
172.16.2.2 (to-CE-2)
172.16.44.0/24

BGP_VPN
STATIC

BGP_VPN

192.0.2.4 (VPRN Label:524280 Transport:RSVP LSP:3)

172.16.55.0/24

192.0.2.5 (VPRN Label:524282 Transport:LDP)
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To avoid this fallback issue, the configuration is modified and the manual spoke-SDPs are removed from
the configuration of PE-1 and PE-2; the rest of the configuration remains the same. Now the connectivity
between PE-1 and PE-2 is using an RSVP LSP, as shown in the PE-1 following output (RSVP LSP which
was used by SDP 1 has disappeared):

[/]
A:admin@PE-1# configure {
service {
vprn "VPRN 1" {
delete spoke-sdp 1:1
}

[/1
A:admin@PE-2# configure {
service {
vprn "VPRN 1" {
delete spoke-sdp 1:1
}

*A:PE-1# show router 1 route-table

Route Table (Service: 1)

Dest Prefix[Flags] Type Proto Age Pref
Next Hop[Interface Name] Metric
172.16.1.0/24 Local Local 00h14mles 0
to-CE-1 0
172.16.2.0/24 Remote BGP VPN 00h0OmM23s 170
192.0.2.2 (tunneled:RSVP:2) 10
172.16.4.0/24 Remote BGP VPN 00h0OmM23s 170
192.0.2.4 (tunneled) 20
172.16.5.0/24 Remote BGP VPN 00h0OmM23s 170
192.0.2.5 (tunneled) 20
172.16.11.0/24 Remote Static 00h14mles 5
172.16.1.2 1
172.16.22.0/24 Remote BGP VPN 00h0OmM23s 170
192.0.2.2 (tunneled:RSVP:2) 10
172.16.44.0/24 Remote BGP VPN 00h0OmM23s 170
192.0.2.4 (tunneled) 20
172.16.55.0/24 Remote BGP VPN 00h0OmM23s 170
192.0.2.5 (tunneled) 20

No. of Routes: 8

Number of times nexthop is repeated
BGP backup route available

LFA nexthop available

Sticky ECMP requested

n
B
L
S

If RSVP is disabled, the connectivity falls back to LDP as the output shows:

configure {
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router "Base" {
mpls {
admin-state disable
}

[/1]
A:admin@PE-1# show router 1 fib 1

FIB Display

Prefix [Flags] Protocol
NextHop

172.16.1.0/24 LOCAL
172.16.1.0 (to-CE-1)

172.16.2.0/24 BGP_VPN
192.0.2.2 (VPRN Label:524281 Transport:LDP)

172.16.4.0/24 BGP_VPN
192.0.2.4 (VPRN Label:524280 Transport:LDP)

172.16.5.0/24 BGP_VPN
192.0.2.5 (VPRN Label:524282 Transport:LDP)

172.16.11.0/24 STATIC
172.16.1.2 (to-CE-1)

172.16.22.0/24 BGP_VPN
192.0.2.2 (VPRN Label:524281 Transport:LDP)

172.16.44.0/24 BGP_VPN
192.0.2.4 (VPRN Label:524280 Transport:LDP)

172.16.55.0/24 BGP_VPN

192.0.2.5 (VPRN Label:524282 Transport:LDP)

If LDP is disabled, the connectivity falls back to GRE as the output shows:

[/]
A:admin@PE-1# configure {
router "Base" {

ldp {
admin-state disable
}

*A:PE-1# show router 1 fib 1

FIB Display

Prefix [Flags] Protocol
NextHop

172.16.1.0/24 LOCAL
172.16.1.0 (to-CE-1)

172.16.2.0/24 BGP_VPN
192.0.2.2 (VPRN Label:524280 Transport:GRE)

172.16.4.0/24 BGP_VPN

192.0.2.4 (VPRN Label:524280 Transport:GRE)
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172.16.5.0/24

192.0.2.5 (VPRN Label:524286 Transport:GRE)
172.16.11.0/24

172.16.1.2 (to-CE-1)
172.16.22.0/24

192.0.2.2 (VPRN Label:524280 Transport:GRE)
172.16.44.0/24

192.0.2.4 (VPRN Label:524280 Transport:GRE)
172.16.55.0/24

192.0.2.5 (VPRN Label:524286 Transport:GRE)

BGP_VPN
STATIC

BGP_VPN
BGP_VPN

BGP_VPN

Conclusion

IGP shortcuts provide a variety of shortcuts in IP, MPLS, and IP-VPN scenarios to customers who want to
use new options for building routing topologies. Because IGP shortcuts are enabled on a per router basis,
SPF computations are independent and irrelevant to other routers, so there is no need to enable shortcuts
globally. This network example shows the configuration of IGP shortcuts together with the associated show
outputs which can be used for verification and troubleshooting.
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Inter-Area TE Point-to-Point LSPs

This chapter describes inter-area Traffic Engineering (TE) Point-to-Point (P2P) Label Switched Paths
(LSPs) configurations.

Topics in this chapter include:
* Applicability

*  Overview

» Configuration

« Conclusion

Applicability

This chapter was initially written for SR OS Release 11.0.R4, but the MD-CLI in the current edition
corresponds to SR OS Release 21.2.R1.

Overview

Multi-Protocol Label Switching with Traffic Engineering (MPLS TE) is implemented on a wide scale in
current Internet Service Provider (ISP) networks to steer traffic across their backbones to facilitate efficient
use of available bandwidth between the routers and to guarantee fast convergence in case a link or node
fails.

Regular TE LSPs in MPLS networks are confined to only a single Interior Gateway Protocol (IGP) area
or level. This is because the head-end has information in the TE database of only the local area for Open
Shortest Path First (OSPF) or level for Intermediate System to Intermediate System (IS-1S). As the name
implies, inter-area TE LSPs can cross the area or level borders of the IGP.

Inter-Area TE LSP based on Explicit Route expansion

Inter-area TE LSP using Explicit Route Object (ERO) expansion enables the head-end to calculate the
ERO path within its own area or level and keep the remaining Area Border Routers (ABRs) of other areas/
levels as loose hops in the ERO path. On receiving a PATH message with a loose hop ERO and based on
local configuration, each ABR does a partial Constrained Shortest Path First (CSPF) calculation to the next
ABR or a full CSPF calculation to reach the destination.

Automatic selection of ABRs is supported so that the head-end node can work with an empty primary
path. When the to field of an LSP definition is in an areal/level different from the head-end node, CSPF will
automatically compute the segment to the exit ABR router which advertised the prefix and which currently
is the best path for resolving the prefix in the Route Table Manager (RTM).
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ABR protection

Link and node protection within the respective areas are supported through the TE capabilities of the IGP
and Resource Reservation Protocol (RSVP) in each area. To support ABR node protection, a bypass is
required from the Point of Local Repair (PLR; node prior to ABR) to the Merge Point (MP; next-hop node to
ABR).

Two methods are possible: static ABR protection and dynamic ABR protection. Static ABR protection uses
Manual Bypass Tunnels (MBTSs), statically configured by the operator between the PLR and the MP. For
dynamic ABR protection, node ID propagation and signaling of an eXclude Route Object (XRO) in RSVP
PATH messages must both be supported.

Because the Record Route Object (RRO) Node ID sub-object description in RFC 4561 (Definition of

a Record Route Object (RRO) Node-Id Sub-Object) is not clear about the format of the included node
address (S), interface address (1) and label (L), the system supports multiple formats: IL, SL, ISL, SIL, SLI,
ILSL and SLIL. The system uses the SLIL (node-address, label, interface-address, label) format to include
the node ID itself.

The exclude route object (XRO) inclusion (RFC 4874, Exclude Routes - Extension to Resource
ReserVation Protocol-Traffic Engineering) in bypass RSVP PATH messages is required to exclude the
protected ABR from the bypass path. The XRO object contains the ABR system IP address.

Example topology

The example topology in this chapter contains ten nodes in three areas, as shown in Figure 41: Inter-area
TE LSP setup.

Figure 41: Inter-area TE LSP setup

P-4 AREA 0 P-5 AREA 2
192.168.45.0/30
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Figure 42: Inter-area TE LSP path shows the LSP path intended to be set up through the network. An
empty MPLS path is used. At the head-end node PE-1, the destination address PE-10 is learned via ABR
node P-4 and ABR node P-5.
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Figure 42: Inter-area TE LSP path
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The following base configuration has been implemented on the nodes:

» Cards, MDAs, and ports configured

» Interfaces configured

* IGP areas configured and converged

» Traffic Engineering configured for the IGP

* MPLS and RSVP configured on all links in the network
OSPF or IS-IS can be configured as the IGP; OSPF is used in this chapter.
The following output shows the opaque database of PE-1:

[/1]

A:admin@PE-1# show router ospf opaque-database

AREA 2

I/

PE-9
L 7

| ERRbRER]

al 0353

Rtr Base OSPFv2 Instance 0 Opaque Link State Database (type: All)

Type Id Link State Id Adv Rtr Id Age Sequence  Cksum
Area 0.0.0.1 1.0.0.1 192.0.2.1 269 0x80000002 0x9234
Area 0.0.0.1 1.0.0.2 192.0.2.1 236 0x80000001 0xa53c
Area 0.0.0.1 1.0.0.3 192.0.2.1 215 0x80000001 0xf3e9
Area 0.0.0.1 1.0.0.1 192.0.2.2 230 0x80000002 0x962e
Area 0.0.0.1 1.0.0.2 192.0.2.2 199 0x80000001 Oxe6df
Area 0.0.0.1 1.0.0.3 192.0.2.2 165 0x80000001 0x8d32
Area 0.0.0.1 1.0.0.4 192.0.2.2 237 0x80000001 0x6d72
Area 0.0.0.1 1.0.0.5 192.0.2.2 215 0x80000001 0x7056
Area 0.0.0.1 1.0.0.1 192.0.2.3 209 0x80000002 0x9a28
Area 0.0.0.1 1.0.0.2 192.0.2.3 200 0x80000001 0x773a
Area 0.0.0.1 1.0.0.3 192.0.2.3 165 0x80000001 0x1le8c
Area 0.0.0.1 1.0.0.4 192.0.2.3 216 0x80000001 0xa933
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Area 0.0.0.1 1.0.0.5 192.0.2.3 216 0x80000001 Ox4c7a
Area 0.0.0.1 1.0.0.1 192.0.2.4 194 0x80000002 0x9e22
Area 0.0.0.1 1.0.0.6 192.0.2.4 201 0x80000001 0x7e44
Area 0.0.0.1 1.0.0.7 192.0.2.4 201 0x80000001 0x218b
Area 0.0.0.1 1.0.0.1 192.0.2.6 160 0x80000002 Oxa6l6
Area 0.0.0.1 1.0.0.6 192.0.2.6 166 0x80000001 Oxf6c5
Area 0.0.0.1 1.0.0.7 192.0.2.6 166 0x80000001 0x990d

No. of Opaque LSAs: 19

The information is only about routers that are part of area 0.0.0.1. PE-1 cannot calculate an end-to-end
CSPF path to node PE-10 because this would require TE topology information from area 0.0.0.0 and area
0.0.0.2.

Each node announces its router ID and each attached link that is part of that area, resulting in 19 opaque
LSAs in area 0.0.0.1. The system interfaces of P-4 and P-6 are configured in backbone area 0.0.0.0, not in
area 0.0.0.1.

In Figure 42: Inter-area TE LSP path, the LSP passes through node PE-3 and node P-8. To prefer a
dynamic path from PE-1 to P-4 via PE-3 rather than via PE-2, it is necessary to configure on PE-1 a lower
IGP metric on the interface to PE-3 (the default metric is derived from the interface speed; in this case the
metric is 10 by default).

# on PE-1:
configure {
router "Base" {
ospf 0 {
area 0.0.0.1 {
interface "int-PE-1-PE-3" {
metric 5

}

Similarly, in the core, the IGP metric between P-4 and P-5, and between P-6 and P-7 is increased to force
the LSP to pass through the core P-8 node.

# on P-4:
configure {
router "Base" {
ospf 0 {
area 0.0.0.0 {
interface "int-P-4-P-5" {
metric 1000
)

# on P-6:
configure {
router "Base" {
ospf 0 {
area 0.0.0.0 {
interface "int-P-6-P-7" {
metric 1000
}

Other metrics have also been manipulated as shown on Figure 42: Inter-area TE LSP path.
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MPLS path configuration

An empty MPLS path is sufficient on the head-end node PE-1 because automatic ABR selection is
performed. Using an empty MPLS path will ease the provisioning process and brings consistency because
this empty MPLS path can be used for both intra and inter-area/level type LSPs.

# on PE-1:
configure {
router "Base" {
mpls {
path "empty path" {
admin-state enable
}

MPLS LSP configuration

On PE-1, the following LSP to PE-10 is configured with the previously created MPLS path as primary path.
CSPF and fast reroute (FRR) facility are enabled on the LSP.

# on PE-1:
configure {
router "Base" {
mpls {
lsp "LSP-PE-1-PE-10" {
admin-state enable
type p2p-rsvp
to 192.0.2.10
path-computation-method local-cspf
fast-reroute {
frr-method facility
}
primary "empty path" {
}
}

At this stage, the LSP is in an operational Down state with a failure code of badNode at failure node
192.168.34.2 (ABR P-4), as follows.

[/]
A:admin@PE-1# show router mpls lsp "LSP-PE-1-PE-10" path

MPLS LSP LSP-PE-1-PE-10 Path

LSP Name : LSP-PE-1-PE-10
From : 0.0.0.0
To : 192.0.2.10
Adm State : Up Oper State : Down
Path Name Next Hop Type Out I/F Adm Opr
empty path
n/a Primary n/a Up  Dwn
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[/1]

A:admin@PE-1# show router mpls 1lsp "LSP-PE-1-PE-10" path detail

MPLS LSP LSP-PE-1-PE-10 Path

(Detail)

Legend :

@ - Detour Available

Detour In Use

b - Bandwidth Protected Node Protected

s - Soft Preemption

S - Strict Loose

A - ABR Inherited
LSP LSP-PE-1-PE-10
Path empty path
LSP Name : LSP-PE-1-PE-10
From 1 192.0.2.1
To : 192.0.2.10
Admin State : Up Oper State : Down
Path Name : empty path
Path LSP ID 1 24596 Path Type : Primary
Path Admin : Up Path Oper : Down
Out Interface i n/a Out Label i n/a
Path Up Time : 0d 00:00:00 Path Down Time : 0d 00:05:22
Retry Limit : 0 Retry Timer : 30 sec
Retry Attempt ;11 Next Retry In 1 20 sec
BFD Configuration and State
Template : None Ping Interval : 60
Enable : False State : notApplicable
WaitForUpTimer : 4 sec OperWaitForUpTimer: N/A
WaitForUpTmLeft : 0@ sec
Adspec : Disabled Oper Adspec : N/A
PathCompMethod : local-cspf OperPathCompMethod: N/A
MetricType : igp Oper MetricType : N/A
Least Fill : Disabled Oper LeastFill : N/A
FRR : Enabled Oper FRR : N/A
FRR NodeProtect : Enabled Oper FRR NP : N/A
FR Hop Limit : 16 Oper FRHopLimit : N/A
FR Prop Admin Gr*: Disabled Oper FRPropAdmGrp : N/A
Propagate Adm Grp: Disabled Oper Prop Adm Grp : N/A
Inter-area : N/A
PCE Report : Disabled+ Oper PCE Report : Disabled
PCE Control : Disabled Oper PCE Control : Disabled
PCE Update ID : 0
Neg MTU 1 0 Oper MTU : N/A
Bandwidth : No Reservation Oper Bandwidth : N/A
Hop Limit : 255 Oper HopLimit : N/A
Record Route : Record Oper Record Route : N/A
Record Label : Record Oper Record Label : N/A
Setup Priority 1 7 Oper SetupPriority: N/A
Hold Priority : 0 Oper HoldPriority : N/A
Class Type : 0 Oper CT : N/A
Backup CT : None
MainCT Retry : Infinite

Rem :
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MainCT Retry : 0

Limit :
Include Groups : Oper IncludeGroups:
None N/A
Exclude Groups : Oper ExcludeGroups:
None N/A
Adaptive : Enabled Oper Metric : N/A
Preference : n/a
Path Trans : 0 CSPF Queries ;11
Failure Code : badNode

Failure Node : 192.168.34.2
Explicit Hops :
No Hops Specified
Actual Hops :
No Hops Specified
Computed Hops :
No Hops Specified
Resignal Eligible: False
Last Resignal i n/a CSPF Metric : N/A

* indicates that the corresponding row element may have been truncated.
To get around the intra-area CSPF confinement, the ERO-expansion feature is enabled on all ABR nodes.

# on P-4, P-5, P-6, P-7:
configure {
router "Base" {
mpls {
cspf-on-loose-hop true

cspf-on-loose-hop is only required if FRR or TE parameters are configured on the LSP. If any of these
parameters is configured on the LSP while one of the ABRs along the path is not configured with cspf-on-
loose-hop true, the LSP will stay operationally down with failure code: badNode and an indication of the
interface address of the failure node.

The LSP path can also contain other strict and/or loose hops. However, cspf-on-loose-hop must be
enabled in the mpls context whenever loose hops are configured in the MPLS path. This command
enables ERO expansion and is required for inter-area LSPs on all possible ABR nodes and all nodes not
belonging to the area where the iLER is located, which have a loose hop reference in the MPLS path.

Note: The LSP may fail to set up if cspf-on-loose-hop is enabled on an LSR that is not an ABR
and that receives a PATH message without a proper next loose hop in the ERO.

On all nodes, debugging is enabled—in classic CLI—for RSVP PATH messages, as follows:

# on all nodes:
debug
router "Base"
rsvp
packet
path detail
exit
exit
exit
exit

The following RSVP PATH message on PE-1 shows the ERO calculation on the head-end to the first ABR.

# on PE-1:
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2 2021/05/12 08:13:36.522 UTC MINOR: DEBUG #2001 Base RSVP
"RSVP: PATH Msg

Send PATH From:192.0.2.1, T0:192.0.2.10

TTL:255, Checksum:0x5b2d, Flags:0x0

Session
SessAttr

RSVPHop

TimeValue
SendTempl
SendTSpec

LabelReq

RRO
ERO

FRRObj

EndPt:192.0.2.10, TunnId:1, ExtTunnId:192.0.2.1
Name:LSP-PE-1-PE-10::empty path

SetupPri:7, HoldPri:0, Flags:0x17

Ctype:1, Addr:192.168.13.1, LIH:3

RefreshPeriod:30

Sender:192.0.2.1, LspId:24648

Ctype:Q0S, CDR:0.000 bps, PBS:0.000 bps, PDR:infinity
MPU:20, MTU:1564

IfType:General, L3ProtID:2048

IpAddr:192.168.13.1, Flags:0x0

IPv4Prefix 192.168.13.2/32, Strict

IPv4Prefix 192.168.34.2/32, Strict

IPv4Prefix 192.0.2.10/32, Loose

SetupPri:7, HoldPri:0®, HopLimit:16, BW:0.000 bps, Flags:0x2
ExcAny:0x0, IncAny:0x0, IncAll:0x0

On the ABR P-4, the ERO is expanded to include the nodes of area 0.0.0.0 of which P-4 is also part. The
RRO contains all the hops the PATH message has passed so far.

# on P-4:

2 2021/05/12 08:13:24.842 UTC MINOR: DEBUG #2001 Base RSVP
"RSVP: PATH Msg

Send PATH From:192.0.2.1, T0:192.0.2.10

TTL:253, Checksum:0xe9a8, Flags:0x0

Session
SessAttr

RSVPHop
TimeValue
SendTempl
SendTSpec
LabelReq
RRO

ERO

FRROb j

EndPt:192.0.2.10, TunnId:1, ExtTunnId:192.0.2.1
Name:LSP-PE-1-PE-10::empty path

SetupPri:7, HoldPri:0, Flags:0x17

Ctype:1, Addr:192.168.48.1, LIH:4

RefreshPeriod:30

Sender:192.0.2.1, LspId:24648

Ctype:Q0S, CDR:0.000 bps, PBS:0.000 bps, PDR:infinity
MPU:20, MTU:1564

IfType:General, L3ProtID:2048

IpAddr:192.168.48.1, Flags:0x0

IpAddr:192.168.34.1, Flags:0x0

IpAddr:192.168.13.1, Flags:0x0

IPv4Prefix 192.168.48.2/32, Strict

IPv4Prefix 192.168.58.1/32, Strict

IPv4Prefix 192.0.2.10/32, Loose

SetupPri:7, HoldPri:0®, HopLimit:16, BW:0.000 bps, Flags:0x2
ExcAny:0x0, IncAny:0x0, IncAll:0x0

Finally, the P-5 ABR will expand the ERO to the final destination PE-10:

# on P-5:

7 2021/05/12 08:13:38.230 UTC MINOR: DEBUG #2001 Base RSVP
"RSVP: PATH Msg

Send PATH From:192.0.2.1, T0:192.0.2.10

TTL:251, Checksum:0x9207, Flags:0x0

Session
SessAttr

RSVPHop

TimeValue
SendTempl
SendTSpec
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EndPt:192.0.2.10, TunnId:1, ExtTunnId:192.0.2.1
Name:LSP-PE-1-PE-10::empty path

SetupPri:7, HoldPri:0, Flags:0x17

Ctype:1, Addr:192.168.105.1, LIH:5

RefreshPeriod:30

Sender:192.0.2.1, LspId:24648

Ctype:Q0S, CDR:0.000 bps, PBS:0.000 bps, PDR:infinity
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MPU:20, MTU:1564

LabelReq - IfType:General, L3ProtID:2048

RRO - IpAddr:192.168.105.1, Flags:0x0
IpAddr:192.168.58.2, Flags:0x0
IpAddr:192.168.48.1, Flags:0x0
IpAddr:192.168.34.1, Flags:0x0
IpAddr:192.168.13.1, Flags:0x0

ERO - IPv4Prefix 192.168.105.2/32, Strict

FRRObj - SetupPri:7, HoldPri:0, HopLimit:16, BW:0.000 bps, Flags:0x2
ExcAny:0x0, IncAny:0x0, IncAll:0x0

The MPLS LSP is now operational Up and the LSP path can be shown in detail on the head-end, PE-1:

[/1

A:admin@PE-1# show router mpls lsp "LSP-PE-1-PE-10" path

MPLS LSP LSP-PE-1-PE-10 Path

LSP Name : LSP-PE-1-PE-10
From : 0.0.0.0
To 1 192.0.2.10
Adm State : Up Oper State : Up
Path Name Next Hop Type Out I/F Adm Opr
empty path
192.168.13.2 Primary 1/1/2 Up Up

[/1]
A:admin@PE-1# show router mpls lsp "LSP-PE-1-PE-10" path detail
MPLS LSP LSP-PE-1-PE-10 Path (Detail)
Legend :

@ - Detour Available # - Detour In Use

b - Bandwidth Protected n - Node Protected

s - Soft Preemption

S - Strict L - Loose

A - ABR + - Inherited
LSP LSP-PE-1-PE-10
Path empty path
LSP Name : LSP-PE-1-PE-10
From 1 192.0.2.1
To 1 192.0.2.10
Admin State : Up Oper State : Up
Path Name : empty path
Path LSP ID 1 24648 Path Type : Primary
Path Admin : Up Path Oper : Up
Out Interface 1 1/1/2 Out Label 1 524287
Path Up Time : 0d 00:02:07 Path Down Time : 0d 00:00:00
Retry Limit : 0 Retry Timer 1 30 sec
Retry Attempt : 0 Next Retry In 1 0 sec
---snip---
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Adspec : Disabled Oper Adspec Disabled
PathCompMethod : local-cspf OperPathCompMethod local-cspf
MetricType 1 igp Oper MetricType 1 igp
Least Fill : Disabled Oper LeastFill : Disabled
FRR : Enabled Oper FRR : Enabled
FRR NodeProtect : Enabled Oper FRR NP : Enabled
FR Hop Limit 1 16 Oper FRHopLimit : 16
FR Prop Admin Gr*: Disabled Oper FRPropAdmGrp : Disabled
Propagate Adm Grp Disabled Oper Prop Adm Grp : Disabled
Inter-area : True
---snip---
Adaptive : Enabled Oper Metric : 15
Preference : n/a
Path Trans 1 CSPF Queries : 37
Failure Code : noError
Failure Node : n/a
Explicit Hops
No Hops Specified
Actual Hops
192.168.13. 1(192 0.2.1) @n Record Label : N/A
-> 192.168.13.2(192.0.2.3) @ Record Label 1 524287
-> 192.168.34.2(192.0.2.4) @ n Record Label 1 524287
-> 192.168.48.2 Q@ Record Label 1 524287
-> 192.168.58.1 Q@ Record Label 1 524287
-> 192.168.105.2 Record Label 1 524287
Computed Hops :
192.168.13.1(S)
-> 192.168.13.2(S)
-> 192.168.34.2(SA)
-> 192.0.2.10(L)
Resignal Eligible: False
Last Resignal i n/a CSPF Metric : 15

* indicates that the corresponding row element may have

ABR node protection

been truncated.

The LSP is configured with facility FRR protection; link and node protection are established within each
area, as shown in the preceding output. Node protection is available for nodes PE-3 in area 1 (bypass
originating in PE-1), and P-8 in area 0 (bypass originating in P-4), but not for the ABRs P-4 and P-5. No
bypass tunnels for node protection originate in PLRs PE-3 (for ABR P-4) or P-8 (for ABR P-5). The bypass
tunnels originating in PE-3 and P-8 only offer link protection. Dynamic ABR node protection requires the
setup of a bypass tunnel from the PLR (node just upstream of the ABR) to the MP (node just downstream
of the ABR). The following two things are required to establish a bypass tunnel for an ABR:

+ The PLR node (part of area x) needs to know the system IP address of the MP node (part of area y) to
set up the bypass. For this reason, the node ID of the MP must be included in the RESV message so
that the PLR can link the manual bypass tunnel to the primary path to protect the ABR. By default, the
node ID is not included in the RESV message, but it can be configured on the MPs with the include-

node-id-in-rro command.

* The other ABR node receiving the RSVP bypass PATH message for the protected ABR needs to do an
ERO expansion toward the MP node. For this reason, the XRO object is included in the RSVP bypass
PATH message, containing the node ID of the protected ABR. As an example, the following bypass

PATH message is shown on node PE-3.
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The XRO object includes the system IP address of the protected ABR node P-4 and the ERO object has
MP node P-8 as loose destination:

# on PE-3:
46 2021/05/12 08:20:46.609 UTC MINOR: DEBUG #2001 Base RSVP
"RSVP: PATH Msg
Send PATH From:192.0.2.3, T0:192.0.2.8
TTL:17, Checksum:0xfddd, Flags:0x0

Session - EndPt:192.0.2.8, TunnId:61442, ExtTunnId:192.0.2.3
SessAttr - Name:bypass-nodel92.0.2.4-61442

SetupPri:7, HoldPri:0®, Flags:0x2
RSVPHop - Ctype:1, Addr:192.168.36.1, LIH:3

TimeValue - RefreshPeriod:30

SendTempl - Sender:192.0.2.3, Lspld:4

SendTSpec - Ctype:Q0S, CDR:0.000 bps, PBS:0.000 bps, PDR:infinity
MPU:20, MTU:1564

LabelReq - IfType:General, L3ProtID:2048

RRO - IpAddr:192.168.36.1, Flags:0x0

ERO - IPv4Prefix 192.168.36.2/32, Strict

IPv4Prefix 192.0.2.8/32, Loose

XRO - IPv4Prefix: 192.0.2.4/32, Attribute: Node, LBit: Exclude
AdSpec - General BreakBit:0, NumISHops:0, PathBwEstimate:0

MinPathLatency:4294967295, CompPathMTU:1564
Controlled BreakBit:0

Node-ID inclusion in the RESV message

P-8 will be the MP for the bypass of ABR P-4 and PE-10 will be the MP for the bypass of ABR P-5. So P-8
and PE-10 need to include their node ID in the RESV message, inside the Record Route Object (RRO).

# on P-8 and PE-10:
configure {
router "Base" {
rsvp {
include-node-id-in-rro true

The default is include-node-id-in-rro false.
On PE-3, debugging is enabled—in classic CLI—for RSVP RESV messages, as follows:

# on PE-3:
debug
router "Base"
rsvp
packet
resv detail
exit
exit

The following RESV message is received on PLR node PE-3. The RRO contains the MP node P-8
information in SLIL format:

52 2021/05/12 08:21:19.609 UTC MINOR: DEBUG #2001 Base RSVP
"RSVP: RESV Msg
Send RESV From:192.168.13.2, T0:192.168.13.1

TTL:255, Checksum:0x7e4b, Flags:0x0

Session - EndPt:192.0.2.10, TunnId:1, ExtTunnId:192.0.2.1
RSVPHop - Ctype:1, Addr:192.168.13.2, LIH:3
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TimeValue - RefreshPeriod:30

Style - SE

FlowSpec - Ctype:Q0S, CDR:0.000 bps, PBS:0.000 bps, PDR:infinity
MPU:20, MTU:1560, RSpecRate:0, RSpecSlack:0

FilterSpec - Sender:192.0.2.1, LspId:24648, Label:524287

RRO - InterfaceIp:192.168.13.2, Flags:0x9
Label:524287, Flags:0x1
InterfaceIp:192.168.34.2, Flags:0x9
Label:524287, Flags:0x1
SystemIp:192.0.2.8, Flags:0x29
Label:524287, Flags:0x1l
InterfaceIp:192.168.48.2, Flags:0x9
Label:524287, Flags:0x1l
SystemIp:192.0.2.5, Flags:0x21
Label:524287, Flags:0x1
InterfaceIp:192.168.58.1, Flags:0x1
Label:524287, Flags:0x1
SystemIp:192.0.2.10, Flags:0x20
Label:524287, Flags:0x1
InterfaceIp:192.168.105.2, Flags:0x0
Label:524287, Flags:0x1

Bypass configuration for ABR protection

Because dynamic ABR protection is supported and used in this example, no explicit Manual Bypass
Tunnels (MBTs) are configured to protect the ABRs. Each PLR first checks if an MBT tunnel exists between
the PLR and the MP matching the constraints and protecting the ABR. If no MBT is available, the PLR will
signal a bypass tunnel in a dynamic way toward the MP node.

Figure 43: ABR protection shows the two dynamic ABR node protections that are signaled for this LSP.

Figure 43: ABR protection
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Figure 44: Protection of all nodes/links along the LSP path shows the complete picture of all the FRR
protections and indicates each node/link protection in the setup.
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Figure 44: Protection of all nodes/links along the LSP path
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This can be seen in the detailed show output of the LSP path:

[/1

A:admin@PE-1# show router mpls 1lsp "LSP-PE-1-PE-10" path detail

4

AREA 2

PE-10

ersmoil

7V

al_0355

(Detail)

MPLS LSP LSP-PE-1-PE-10 Path
Legend :
@ - Detour Available
b - Bandwidth Protected
s - Soft Preemption
S - Strict
A - ABR

# - Detour In Use
n - Node Protected

L - Loose
+ - Inherited

LSP LSP-PE-1-PE-10
Path empty path

LSP Name : LSP-PE-1-PE-10
From 1 192.0.2.1
To : 192.0.2.10
Admin State : Up

Path Name : empty path

Path LSP ID 1 24648

Path Admin : Up

Out Interface 1 1/1/2

Path Up Time : 0d 00:19:36
Retry Limit : 0

Retry Attempt 1 0
---snip---

Adspec : Disabled
PathCompMethod : local-cspf
MetricType : igp

Least Fill : Disabled
FRR : Enabled
FRR NodeProtect : Enabled
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Oper State

Path Type

Path Oper

Out Label

Path Down Time
Retry Timer
Next Retry In

Oper Adspec
OperPathCompMethod:
Oper MetricType
Oper LeastFill
Oper FRR

Oper FRR NP
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: Up

: Primary

: Up

: 524287

: 0d 00:00:00
: 30 sec

: 0 sec

: Disabled

local-cspf

: igp

: Disabled
: Enabled
: Enabled
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FR Hop Limit 1 16 Oper FRHopLimit : 16

FR Prop Admin Gr*: Disabled Oper FRPropAdmGrp : Disabled
Propagate Adm Grp: Disabled Oper Prop Adm Grp : Disabled
Inter-area : True

---snip---

Adaptive : Enabled Oper Metric : 15
Preference : n/a

Path Trans 1 CSPF Queries 1 37
Failure Code : noError

Failure Node : n/a
Explicit Hops :

No Hops Specified
Actual Hops :

192.168.13.1(192.0.2.1) @ n Record Label : N/A
-> 192.168.13.2(192.0.2.3) @ n Record Label 1 524287
-> 192.168.34.2(192.0.2.4) @ n Record Label 1 524287
-> 192.0.2.8(192.0.2.8) @ n Record Label 1 524287
-> 192.168.48.2 @n Record Label 1 524287
-> 192.0.2.5(192.0.2.5) @ Record Label 1 524287
-> 192.168.58.1 Q@ Record Label 1 524287
-> 192.0.2.10(192.0.2.10) Record Label 1 524287
-> 192.168.105.2 Record Label 1 524287
Computed Hops :
192.168.13.1(S)
-> 192.168.13.2(S)
-> 192.168.34.2(SA)
-> 192.0.2.10(L)
Resignal Eligible: False
Last Resignal i n/a CSPF Metric : 15

* indicates that the corresponding row element may have been truncated.

* The first bypass originates in PE-1 and protects node PE-3.
* The second bypass originates in PE-3 and protects node P-4.
» The third bypass originates in P-4 and protects node P-8.

» The fourth bypass originates in P-8 and protects node P-5. There are two entries for P-8: hop 192.0.2.8
and hop 192.168.48.2.

» The fifth bypass originates in P-5 and protects the link between P-5 and PE-10. There are two entries
for P-5: hop 192.0.2.5 and hop 192.168.58.1.

There are two entries for P-8, P-5 and PE-10 in the ‘Actual Hops’ section in the previous output: one for
the interface IP address and one for the system IP address. This is a consequence of configuring include-
node-id-in-rro true on P-8, P-5, and PE-10.

The include-node-id-in-rro true command is not mandatory for this example on ABR node P-5, but to be

able to cover cases where a new LSP is established in the network and P-5 acts as an MP node while the

corresponding PLR node for that new LSP is in another area. This RSVP command can be executed on all
possible MP nodes in the network.

The following command shows the details of the bypass tunnel from PE-3 to PE-8, protecting PE-4:

[/1]
A:admin@PE-3# show router mpls bypass-tunnel protected-lsp detail

MPLS Bypass Tunnels (Detail)
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To : 192.0.2.8 State : Up

Out I/F 1 1/1/2 Out Label 1 524287
Up Time : 0d 00:08:18 Active Time i n/a
Reserved BW : 0 Kbps Protected LSP Count : 1

Type : Dynamic Bypass Path Cost : 100
Setup Priority : 7 Hold Priority : 0
Class Type : 0

Exclude Node 1 192.0.2.4 Inter-Area : True

Computed Hops
192.168.36.1(S)

-> 192.168.36.2(SA)
-> 192.0.2.8(L)
Actual Hops :
192.168.36.1

Egress Admin Groups : None
Egress Admin Groups : None
Egress Admin Groups : None

(192.0.2.3) Record Label : N/A
-> 192.168.36.2(192.0.2.6) Record Label 1 524287
-> 192.0.2.8(192.0.2.8) Record Label : 524286
-> 192.168.68.2 Record Label 1 524286
Last Resignal
Attempted At : n/a Resignal Reason : n/a
Resignal Status: n/a Reason i n/a
Protected LSPs -
LSP Name : LSP-PE-1-PE-10::empty path
From 1 192.0.2.1 To 1 192.0.2.10
Avoid Node/Hop : 192.0.2.4 Downstream Label 1 524287
Bandwidth : 0 Kbps

The LSP could be protected with one or more additional secondary paths, pre-signaled or not, but this is
outside the scope of this chapter.

When a link or node failure occurs along the LSP path, FRR protection kicks in and end-to-end path
re-optimization is executed: a PATHERR message is forwarded to the head-end. Upon receiving the
PATHERR message, the head-end calculates a new path.

Admin groups

The use of administrative groups is described in the RSVP Point-to-Point LSPs chapter.

To support admin groups for inter-area LSPs, the ingress node PE-1 must propagate the admin groups
within the Session Attribute object (SA) of the PATH message so that the ABRs along the path receive
the admin group restrictions they have to take into account when further expanding the ERO in the PATH
message.

In Figure 44: Protection of all nodes/links along the LSP path the LSP path avoids the link between P-4
and P-8. This is implemented by assigning admin group “red” to the link between P-4 and P-8 and then
configuring the LSP to exclude the admin group “red”.
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Figure 45: Admin group example
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On P-4, configure admin group “red” and assign a group value. In this example, group value 11 is used, but
this can be any value between 0 and 31. Assign admin group ‘“red” to the link to P-8.

This admin group configuration is required on P-4 and on iLER PE-1. However, it is good practice to

configure the admin group on all the nodes.

# on all nodes:
configure {
routing-options {
if-attribute {
admin-group "red" {
value 11
}

# on P-4:
configure {
router "Base" {
mpls {
interface "int-P-4-P-8" {
admin-group ["red"]
}

On PE-1, change the LSP configuration as follows:

# on PE-1:
configure {
router "Base" {
mpls {
lsp "LSP-PE-1-PE-10" {
exclude-admin-group "red"
propagate-admin-group true
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It is possible to have the same admin group constraint applied to the FRR bypass tunnels in the PLRs, but
that is not the case here. The bypass tunnels ignore any admin group constraint. The propagate-admin-
group command is required to include the admin group properties in the SA object of the PATH message.
The admin group value is mapped to a 32-bitmap. In this example, value 11 means that the 12th bit is set,
which means in binary 100000000000 or hex 0x800.

# on PE-1:
68 2021/05/12 08:29:57.687 UTC MINOR: DEBUG #2001 Base RSVP
"RSVP: PATH Msg
Send PATH From:192.0.2.1, To0:192.0.2.10
TTL:255, Checksum:0x5319, Flags:0x0
Session - EndPt:192.0.2.10, TunnId:1, ExtTunnId:192.0.2.1
SessAttr - Name:LSP-PE-1-PE-10::empty path
SetupPri:7, HoldPri:0, Flags:0x17
Ctype:RA, ExcAny:0x800, IncAny:0x0, IncAll:0x0
RSVPHop - Ctype:1, Addr:192.168.13.1, LIH:3
TimeValue - RefreshPeriod:30
SendTempl - Sender:192.0.2.1, LspId:24650
SendTSpec - Ctype:Q0S, CDR:0.000 bps, PBS:0.000 bps, PDR:infinity
MPU:20, MTU:1564

LabelReq - IfType:General, L3ProtID:2048
RRO - IpAddr:192.168.13.1, Flags:0x0
ERO - IPv4Prefix 192.168.13.2/32, Strict

IPv4Prefix 192.168.34.2/32, Strict
IPv4Prefix 192.0.2.10/32, Loose

FRRObj - SetupPri:7, HoldPri:0, HopLimit:16, BW:0.000 bps, Flags:0x2
ExcAny:0x0, IncAny:0x0, IncAll:0x0

The following two sets of output show that when P-4 expands the ERO it now excludes the link to node P-8
for the path calculation and the path is set up through P-6, P-8 and P-5.

# on P-4:
147 2021/05/12 08:29:57.693 UTC MINOR: DEBUG #2001 Base RSVP
"RSVP: PATH Msg
Send PATH From:192.0.2.1, T0:192.0.2.10
TTL:253, Checksum:0xcld2, Flags:0x0
Session - EndPt:192.0.2.10, TunnId:1l, ExtTunnId:192.0.2.1
SessAttr - Name:LSP-PE-1-PE-10::empty path
SetupPri:7, HoldPri:0, Flags:0x17
Ctype:RA, ExcAny:0x800, IncAny:0x0, IncAll:0x0
RSVPHop - Ctype:1, Addr:192.168.46.1, LIH:3
TimeValue - RefreshPeriod:30
SendTempl - Sender:192.0.2.1, LspId:24650
SendTSpec - Ctype:Q0S, CDR:0.000 bps, PBS:0.000 bps, PDR:infinity
MPU:20, MTU:1564
LabelReq - IfType:General, L3ProtID:2048
RRO - IpAddr:192.168.46.1, Flags:0x0
IpAddr:192.168.34.1, Flags:0x0
IpAddr:192.168.13.1, Flags:0x0
ERO - IPv4Prefix 192.168.46.2/32, Strict
IPv4Prefix 192.168.68.2/32, Strict
IPv4Prefix 192.168.58.1/32, Strict
IPv4Prefix 192.0.2.10/32, Loose
FRRObj - SetupPri:7, HoldPri:0, HopLimit:16, BW:0.000 bps, Flags:0x2
ExcAny:0x0, IncAny:0x0, IncAll:0x0

[/]
A:admin@PE-1# show router mpls 1lsp "LSP-PE-1-PE-10" path detail
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MPLS LSP LSP-PE-1-PE-10 Path (Detail)
Legend :
@ - Detour Available # - Detour In Use
b - Bandwidth Protected n - Node Protected
s - Soft Preemption
S - Strict L - Loose
A - ABR + - Inherited
LSP LSP-PE-1-PE-10
Path empty path
LSP Name : LSP-PE-1-PE-10
From 1 192.0.2.1
To : 192.0.2.10
Admin State : Up Oper State : Up
Path Name 2 empty path
Path LSP ID 1 24650 Path Type : Primary
Path Admin : Up Path Oper : Up
Out Interface 1 1/1/2 Out Label 1 524286
Path Up Time : 0d 00:26:29 Path Down Time : 0d 00:00:00
Retry Limit : 0 Retry Timer : 30 sec
Retry Attempt : 0 Next Retry In 1 0 sec
---snip---
Adspec : Disabled Oper Adspec : Disabled
PathCompMethod : local-cspf OperPathCompMethod: local-cspf
MetricType 1 igp Oper MetricType 1 igp
Least Fill : Disabled Oper LeastFill : Disabled
FRR : Enabled Oper FRR : Enabled
FRR NodeProtect : Enabled Oper FRR NP : Enabled
FR Hop Limit 1 16 Oper FRHopLimit 1 16
FR Prop Admin Gr*: Disabled Oper FRPropAdmGrp : Disabled
Propagate Adm Grp: Enabled Oper Prop Adm Grp : Enabled
Inter-area : True
---snip---
Include Groups Oper IncludeGroups:
None None
Exclude Groups Oper ExcludeGroups:
red red
Adaptive : Enabled Oper Metric : 15
Preference : n/a
Path Trans : 2 CSPF Queries : 38
Failure Code : noError
Failure Node : n/a
Explicit Hops :
No Hops Specified
Actual Hops
192.168.13. 1(192 0.2.1) @n Record Label : N/A
-> 192.168.13.2(192.0.2.3) @ n Record Label : 524286
-> 192.168.34.2(192.0.2.4) @ n Record Label 1 524285
-> 192.168.46.2 @n Record Label 1 524286
-> 192.0.2.8(192.0.2.8) @ n Record Label 1 524285
-> 192.168.68.2 @n Record Label 1 524285
-> 192.0.2.5(192.0.2.5) @ Record Label 1 524285
-> 192.168.58.1 @ Record Label 1 524285
-> 192.0.2.10(192.0.2.10) Record Label 1 524284
-> 192.168.105.2 Record Label 1 524284
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Computed Hops :
192.168.13.1(S)
-> 192.168.13.2(S)
-> 192.168.34.2(SA)
-> 192.0.2.10(L)
Resignal Eligible: False

Last Resignal i n/a CSPF Metric : 15

Last MBB :

MBB Type : ConfigChange MBB State ¢ Success
Ended At : 05/12/2021 08:29:59 0ld Metric : 15
Signaled BW : 0 Mbps

Fail Code : noError

* indicates that the corresponding row element may have been truncated.

Shared Risk Link Groups (SRLG)

Shared risk link groups are described in chapter Shared Risk Link Groups for RSVP-Based LSPs.

SRLGs are also supported in the context of inter-area TE LSPs. SRLGs refer to situations where links in
a network share a common fiber (or a common physical attribute). If one link fails, other links in the group
may fail as well. Links in the group have fate sharing.

The MPLS TE SRLG feature enhances backup tunnel path selection so that a backup tunnel avoids using
links that are in the same SRLG.

Consider the setup in Figure 46: Share Risk Link Groups, where an inter-area LSP is set up from PE-1 to
PE-10 and the path goes through P-8 because of a lower IGP metric. To protect against a node failure of
P-8, P-4 (PLR) would normally set up an FRR backup directly to P-5 (MP), because of the lower IGP metric
(P-4 to P-5:1000) compared to the IGP traffic via P-6 (P-4 to P-6 to P-7 to P-5:1020).

However, imagine that in this setup the link between P-4 and P-5 and the link between P-4 and P-8 are
part of the same transmission bundle. In this case, a cut of that fiber bundle will bring down both the
primary and the backup path.

This can be avoided by configuring these two links in the same SRLG group and enabling srilg-frr strict on
P-4. In that case, the backup will be set up via P-6 as indicated by the dashed line in Figure 46: Share Risk
Link Groups.
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Figure 46: Share Risk Link Groups

Belonging to Same SRLG

2]192.0.2.3[7 100 2] 192.0.2.6[1

al 0357

SRLG configuration

On P-4, an SRLG group is configured, srlg-frr strict is enabled and the links to P-5 and to P-8 are added to
this SRLG group.

The SRLG group configuration is required on all nodes that use SRLG groups and on the ABR used by the
inter-area TE LSP. In this example, it is configured on all nodes.

N Note:

Enabling or disabling srig-frr command only takes effect when the LSP primary path or the
bypass path is resignaled. The user can either wait for the resignal timer to expire or cause
the paths to be resignaled immediately by executing, at the ingress LER, the manual resignal
command for the LSP primary path or for the bypass LSP path.

# on all nodes:
configure {
routing-options {
if-attribute {
srlg-group "bundle-red" {
value 1
}

# on P-4:
configure {
router "Base" {
mpls {
srlg-frr strict
interface "int-P-4-P-5" {
srlg-group "bundle-red" { }

interface "int-P-4-P-8" {
srlg-group "bundle-red" { }
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Bounce RSVP to ensure that the srig-frr command takes effect:

# on PE-1:
configure exclusive
router "Base" {
rsvp {

admin-state disable

commit
admin-state enable
commit

LSP configuration

Remove the admin group restriction from the LSP.

# on PE-1:
configure {
router "Base" {
mpls {
lsp "LSP-PE-1-PE-1
delete exclude
propagate-admi

Now check the LSP path on PE-1

[/1]
A:admin@PE-1# show router mpls

OII {
-admin-group “"red"
n-group false

and verify that FRR protection is in place.

lsp "LSP-PE-1-PE-10" path detail

MPLS LSP LSP-PE-1-PE-10 Path (Detail)
Legend :

@ - Detour Available # - Detour In Use

b - Bandwidth Protected n - Node Protected

s - Soft Preemption

S - Strict L - Loose

A - ABR + - Inherited
LSP LSP-PE-1-PE-10
Path empty path
LSP Name : LSP-PE-1-PE-10
From 1 192.0.2.1
To 1 192.0.2.10
Admin State : Up Oper State : Up
Path Name : empty path
Path LSP ID 1 24652 Path Type : Primary
Path Admin : Up Path Oper : Up
Out Interface 1 1/1/2 Out Label 1 524287
Path Up Time : 0d 00:31:05 Path Down Time : 0d 00:00:00
Retry Limit : 0 Retry Timer : 30 sec
Retry Attempt 1 0 Next Retry In : 0 sec
---snip---
Adspec : Disabled Oper Adspec : Disabled
PathCompMethod : local-cspf OperPathCompMethod: local-cspf
MetricType : igp Oper MetricType : igp

3HE 20797 AAAE TQZZA © 2025 Nokia. 233

Use subject to Terms available at: www.nokia.com/terms.



MPLS Advanced Configuration Guide for MD CLI
Releases up to 25.7.R2

Inter-Area TE Point-to-Point LSPs

Least Fill : Disabled Oper LeastFill : Disabled
FRR : Enabled Oper FRR : Enabled
FRR NodeProtect : Enabled Oper FRR NP : Enabled
FR Hop Limit 1 16 Oper FRHopLimit 1 16

FR Prop Admin Gr*: Disabled
Propagate Adm Grp: Disabled
Inter-area : True
---snip---

Include Groups

Oper FRPropAdmGrp : Disabled
Oper Prop Adm Grp : Disabled

Oper IncludeGroups:

None None
Exclude Groups Oper ExcludeGroups:
None None
Adaptive : Enabled Oper Metric : 15
Preference : n/a
Path Trans : 3 CSPF Queries : 39
Failure Code : noError
Failure Node : n/a
Explicit Hops
No Hops Specified
Actual Hops :
192.168.13.1(192.0.2.1) @ n Record Label : N/A
-> 192.168.13.2(192.0.2.3) @ n Record Label 1 524287
-> 192.168.34.2(192.0.2.4) @ n Record Label 1 524287
-> 192.0.2.8(192.0.2.8) @ n Record Label 1 524287
-> 192.168.48.2 @n Record Label 1 524287
-> 192.0.2.5(192.0.2.5) @ Record Label 1 524287
-> 192.168.58.1 Q@ Record Label 1 524287
-> 192.0.2.10(192.0.2.10) Record Label 1 524287
-> 192.168.105.2 Record Label 1 524287
Computed Hops :
192.168.13.1(S)
-> 192.168.13.2(S)
-> 192.168.34.2(SA)
-> 192.0.2.10(L)
Resignal Eligible: False
Last Resignal i n/a CSPF Metric : 15
Last MBB
MBB Type : ConfigChange MBB State ¢ Success
Ended At 1 05/12/2021 08:37:49 0ld Metric : 15
Signaled BW : 0 Mbps
Fail Code : noError
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* indicates that the corresponding row element may have been truncated.
On P-4, the SRLG configuration is checked as follows:

[/]
A:admin@P-4# show router if-attribute srlg-group

Interface Srlg Groups

Group Name Group Value Penalty Weight

No. of Groups: 1

[/]
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A:admin@P-4# show router mpls interface

MPLS Interfaces

Interface

Port-id

Opr(V4/V6) TE-

system
Admin Groups
SRLG Groups
int-P-4-P-5
Admin Groups
SRLG Groups
int-P-4-P-6
Admin Groups
SRLG Groups
int-P-4-P-8
Admin Groups
SRLG Groups
int-P-4-PE-2
Admin Groups
SRLG Groups
int-P-4-PE-3
Admin Groups
SRLG Groups

system
None
None
1/1/1
None

bundle-red

1/1/3
None
None
1/2/1
red

Up

Up

bundle-red

1/1/2
None
None
1/1/4
None
None

Up

Up

metric
Up/Down None
Up/Down None
Up/Down None
Up/Down None
Up/Down None
Up/Down None

Interfaces : 6

On PE-4, it is verified that the bypass tunnel is set up via P-6 rather than via P-5, as follows:

[/1

A:admin@P-4# show router mpls bypass-tunnel protected-1lsp detail

MPLS Bypass Tunnels (Detail)

To : 192.168.57.1
Out I/F 1 1/1/3

Up Time : 0d 00:03:12
Reserved BW : 0 Kbps

Type : Dynamic
Setup Priority : 7

Class Type 1 0

Exclude Node
Computed Hops :
192.168.46.1(S)
-> 192.168.46.2(S)
-> 192.168.67.2(S)
-> 192.168.57.1(S)
Actual Hops :
192.168.46.1(192.
-> 192.168.46.2(192.
-> 192.168.67.2(192.
-> 192.168.57.1(192.
Last Resignal
Attempted At i n/a
Resignal Status: n/a

: None
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[cNoNoNo]

NN NN
UdO &

State

Out Label

Active

Bypass

Time

Path Cost

Hold Priority

Inter-Area

Egress
Egress
Egress
Egress

Record
Record
Record
Record

Admin Groups :
Admin Groups :
Admin Groups :
Admin Groups :

Label
Label
Label
Label

Resignal Reason

Reason
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: 0

: Up
: 524285
: n/a
Protected LSP Count :

1
1020

False

None
None
None
None

: N/A

1 524285
1 524287
1 524286

: n/a
: n/a
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Protected LSPs -

LSP Name : LSP-PE-1-PE-10::empty path
From : 192.0.2.1 To 1 192.0.2.10
Avoid Node/Hop : 192.0.2.8 Downstream Label 1 524287
Bandwidth : 0 Kbps

Conclusion

Inter-area TE P2P LSPs can be set up based on ERO expansion. With this feature, the head-end does a
partial CSPF calculation to its local ABR. On receiving a PATH message with a loose hop ERO, this ABR
does a partial or full CSPF calculation to the next ABR to reach the final destination.

FRR protection within the area is available. FRR node protection of the ABR is possible through an MBT
on the PLR (node just upstream of the ABR) to the MP (node just downstream of the ABR) or through a
dynamically signaled bypass tunnel on the PLR. Dynamic ABR node protection requires that the node ID of
the MP node is propagated in the RESV message and that an XRO object is included in the bypass PATH
message which makes it possible for the ABR to calculate a path to an MP node.

TE features such as BW, path prioritization, path pre-emption, and graceful shutdown are supported, as
well as propagation of the session attribute with affinity along the LSP path (admin groups) and SRLG.
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LDP FEC to BGP Label Route Stitching

This chapter provides information about LDP FEC to BGP label route stitching.
Topics in this chapter include:

* Applicability

*  Overview

» Configuration

« Conclusion

Applicability

This chapter is applicable to SR OS routers and was initially written for SR OS Release 13.0.R7. The
MD-CLI in the current edition corresponds to SR OS Release 21.2.R1. Label Distribution Protocol (LDP)
Forwarding Equivalence Class (FEC) to Border Gateway Protocol (BGP) label route stitching was first
implemented in SR OS Release 8.0.

Overview

Stitching of an LDP FEC to a BGP labeled route allows LDP-capable PE devices, such as Digital
Subscriber Line Access Multiplexers (DSLAMSs), to offer services to LDP-capable PE devices in other areas
or domains without the need to support BGP labeled routes. This feature is used in a large network to
provide services across multiple areas or Autonomous Systems (ASs).

When BGP is used to distribute a particular route, it can at the same time be used to distribute a Multi-
Protocol Label Switching (MPLS) label that is mapped to that route. The label mapping information for a
particular route is appended to the same BGP update message that is used to distribute the route. This is
described in RFC 3701, Carrying Label Information in BGPv4.

Figure 47: LDP FEC to BGP label route stitching shows a network with a core area and regional areas. The
components of the network are defined in the paragraphs that follow. For simplification, the control plane is
displayed from right to left and the data plane from left to right.
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Figure 47: LDP FEC to BGP label route stitching
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The Access Nodes (ANs) are DSLAMs that support LDP. In seamless MPLS networks, LDP Downstream-
on-Demand (DoD) label advertisement can be used between the ANs and their next-hop PEs. Usually,
MPLS routers implement LDP Downstream Unsolicited (DU) label distribution, advertising MPLS labels
for all routes in their Routing Information Base (RIB). The ANs do not need to have LDP bindings for all
prefixes in the network. The ANs will request the LDP labels they need. LDP DoD improves scalability in
large networks.

BGP Route Reflectors (RRs) can be used to improve scalability. The RR can be any node; it does not need
to be an Area Border Router (ABR) as in Figure 47: LDP FEC to BGP label route stitching. If the RR is not
in the forwarding path, it does not need to be capable of forwarding MPLS packets.

There are different areas for IS-IS: routers in the core network have level 2 (L2) capability, whereas the
routers in the regional areas have level 1 (L1) capability and the ABRs have both. In each ABR, an IS-IS
export policy is defined to leak the routes from the core to the regional networks.

Passing L1 routes (regional) into L2 (core) is inherent to IS-IS and cannot be controlled through policy.
Passing L2 routes to L1 can be controlled through policy.

Only nodes within a regional area, and the ABR nodes in the same area, exchange LDP FECs. PE routers
in a regional area learn the reachability of PE routers in other regional areas by way of RFC 3107 BGP
labeled routes redistributed by the remote nodes.

The label stack contains three labels for packets sent in an Epipe service between the access nodes:

+ The DSLAMSs push a service label to the packets sent in the Epipe service. The service label remains
unchanged end-to-end between the DSLAMs. The service label is popped by the remote DSLAM and is
the inner label of the label stack.
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+ The BGP label is the middle label of the label stack and should be regarded as a transport label. The
transport label stack contains two labels: BGP and LDP transport label. BGP labeled routes are not
supported on the DSLAMs. The BGP label is pushed by the PE nearest to the local DSLAM and is
swapped at the BGP next hop, which can be a BGP peer configured with next-hop-self or the PE that
is the remote endpoint of the BGP tunnel. The BGP label is popped by the PE at the end of the BGP
tunnel.

» The DSLAMSs push an LDP transport label to the packets sent to the remote DSLAM. At the PE nearest
to the local DSLAM, the LDP transport label is stitched to the BGP label. At the same time, that same
PE pushes the LDP transport label to reach the BGP next hop. The LDP transport label is swapped in
every Label Switching Router (LSR) and popped by the PE nearest to the remote DSLAM. That PE also
pops the BGP label, which is stitched to the LDP transport label that is pushed to the packets sent to
the remote DSLAM. This LDP label is the top label of the label stack.

When PE-2 is an ingress Label Edge Router (iLER) sending a service packet to the remote PE, PE-2
inserts the BGP route label to reach the remote PE and an LDP label to reach the next-hop router. In
Figure 47: LDP FEC to BGP label route stitching, this is the remote ABR because it has set next-hop-self
(NH-Self).

The access node AN-1, which is a DSLAM, can behave as a PE router for Epipe services. It will need to
establish a pseudowire (PW) to a PE in a different regional area via LSR PE-2. In this case, PE-2 performs
the following actions:

» Translates the LDP FEC it learned from AN-1 into a BGP labeled route and redistributes it using iBGP
within its area. This is in addition to redistributing the FEC to its LDP neighbors in the same area.

» Translates the BGP labeled routes it learns through iBGP into an LDP FEC and redistributes it to its
LDP neighbors in the same area. AN-1 requests the LDP FEC of the remote DSLAM (AN-12) using
LDP DoD.

*  When a data packet is received from AN-1 with destination AN-12, PE-2 swaps the LDP label into a
BGP label and pushes the LDP label to reach the BGP next hop. When a data packet with destination
AN-1 is received on PE-2 from the local ABR (ABR-4), the top transport label (LDP) is removed and the
BGP label is swapped for the LDP label corresponding to AN-1.

Configuration

Figure 48: Example topology shows the example topology that is used in this section. An Epipe will be
established between the access nodes AN-1 and AN-8. PE-2 and PE-7 will stitch the LDP FECs to BGP
label routes. In the regional areas, IS-IS L1 capability is used whereas in the core area, I1S-IS L2 is used.
The ABR nodes support both IS-IS L1 and L2 and export routes from L2 to L1. Static routes are configured
between the access nodes and the next-hop PEs.
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Figure 48: Example topology
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Initial configuration

N Note:
In the example topology, all nodes are 7750 SRs, while the ANs should be access devices, such
as DSLAMs. The limitation of this approach is that the ANs (SRs) in this setup can only request
a label for the directly connected PE and not for their remote peer AN; however, DSLAMs do not
have this limitation. Consequently, the Epipe service in this configuration will be operationally
down because the transport tunnel is down.

All nodes have the following initial configuration:
» Cards, media dependent adapters (MDAs), ports

* Router interfaces

N Note:
The IP addresses for the link between node A and node B are in subnet 192.168.AB.0/0. The
node with the lowest ID has IP address 192.168.AB.1/30 and the node with the highest ID has
IP address 192.168.AB.2/30.

# on PE-2:
configure {
router "Base" {
interface "int-PE-2-ABR-3" {
port 1/1/1
ipvd {
primary {
address 192.168.23.1
prefix-length 30

}
}
}
interface "int-PE-2-AN-1" {
port 1/1/2
ipv4d {
primary {
address 192.168.12.2
prefix-length 30
}
}

© 2025 Nokia.
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}
interface "system" {
ipvd {
primary {
address 192.0.2.2
prefix-length 32

}
+ Static routes are configured between AN-1 and PE-2 and between PE-7 and AN-8:

# on AN-1:
configure {
router "Base" {
static-routes {
route 0.0.0.0/0 route-type unicast {
next-hop "192.168.12.2" {
admin-state enable
)

# on PE-2:
configure {
router "Base" {
static-routes {
route 192.0.2.1/32 route-type unicast {
next-hop "192.168.12.1" {
admin-state enable
)

}

* |IS-IS (alternatively, OSPF could have been used)
— PE-2 and PE-7 have L1 capability.

# on PE-2:
configure {
router "Base" {
isis 0 {
admin-state enable
level-capability 1
area-address [49.0001]
interface "int-PE-2-ABR-3" {
interface-type point-to-point

}

interface "system" {

}

}

— P-4 and P-5 have L2 capability.
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— ABR-3 and ABR-6 have L1 capability on the interfaces toward the PE routers in the regional areas
and L2 capability on the interfaces toward the P routers in the core area. A policy is applied to export
the system IP addresses from L2 to L1:

# on ABR-3:
configure {
router "Base" {
isis 0 {
admin-state enable
export-policy ["export_L2_to_L1_policy"]
area-address [49.0001]
interface "int-ABR-3-P-4" {
interface-type point-to-point
level-capability 2
}
interface "int-ABR-3-PE-2" {
interface-type point-to-point
level-capability 1
}
interface "system" {

}

}

configure {
policy-options {
prefix-list "system IP prefixes" {
prefix 192.0.2.0/24 type longer {

}
}
policy-statement "export L2 to L1 policy" {
entry 10 {
from {
level 2
prefix-list ["system IP prefixes"]
protocol {
name [isis]
}
}
action {
action-type accept
}
}
}
}
}
+ LDP

— Link LDP is enabled on all router interfaces on all nodes, including the ANs.

— On PE-2 and PE-7, DoD is enabled in the session parameters for the peering sessions with the ANs:

# on PE-2:
configure {
router "Base" {
ldp {
session-parameters {
peer 192.0.2.1 {
dod-label-distribution true

}
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}
interface-parameters {
interface "int-PE-2-ABR-3" {

ipvd {
}
}
interface "int-PE-2-AN-1" {
ipv4d {
}
}

Configure BGP

BGP is configured on all nodes except the ANs. Figure 49: BGP enabled with P-4 as RR shows that P-4 is

the RR.

Figure 49: BGP enabled with P-4 as RR
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The initial BGP configuration on PE-2 is the following:

# on PE-2:
configure {
router "Base" {
autonomous-system 64496
bgp {
ebgp-default-reject-policy {
import false
export false
}
group "internal group" {
peer-as 64496
}
neighbor "192.0.2.4" {
group "internal group"
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}

The configuration is identical for ABR-3, P-5, ABR-6, and PE-7. The initial BGP configuration on the RR
P-4 is:

# on P-4:
configure {
router "Base" {
autonomous-system 64496

bgp {
cluster {

cluster-id 1.1.1.1

}

ebgp-default-reject-policy {
import false
export false

}

group "internal group" {
peer-as 64496

}

neighbor "192.0.2.2" {
group "internal group"
}

neighbor "192.0.2.3" {
group "internal group"
}

neighbor "192.0.2.5" {
group "internal group"
}

neighbor "192.0.2.6" {
group "internal group"
}

neighbor "192.0.2.7" {
group "internal group"
}

}

This BGP configuration is incomplete: for labeled IPv4 BGP peering sessions, an additional address family
will be configured on PE-2 and PE-7, as well as on RR P-4 for neighbors PE-2 and PE-7. The configuration
is shown in the following section. The prefixes for AN-1 and AN-8 will be advertised in the labeled IPv4
BGP sessions only, not in IPv4 BGP sessions.

Export policies for BGP and LDP

LDP FEC to BGP label route stitching is established by configuring separate tunnel table route export
policies in both protocols. At the local next-hop PE, the LDP FEC of the local AN must be translated into a
BGP label and at the remote PE, the BGP label must be translated into an LDP FEC.

An export policy for the export from LDP to BGP must be defined on the PE nodes.

# on PE-2:
configure {
policy-options {
prefix-list "local AN prefixes" {
prefix 192.0.2.1/32 type exact {
b
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prefix-list "remote AN prefixes" {
prefix 192.0.2.8/32 type exact {

}
}
policy-statement "export BGP policy" {
entry 10 {
from {
prefix-list ["local AN prefixes"]
protocol {
name [ldp]
}
}
action {
action-type accept
}
}
}

}

On PE-7, the policy statement is identical, but the prefix list is different.

This export policy must be applied in the bgp context: either in the general settings or per group or per

neighbor.

# on PE-2:
configure {
router "Base" {

bgp {
group "internal group" {
export {
policy ["export BGP policy"]
}
}
}

}

In a similar way, BGP labels must be exported to LDP on the PE routers. The export policy is configured as

follows, with a different prefix list:

# on PE-2:
configure {
policy-options {
prefix-list "remote AN prefixes" {
prefix 192.0.2.8/32 type exact {

b
}
policy-statement "export LDP policy" {
entry 10 {
from {
prefix-list ["remote AN prefixes"]
protocol {
name [bgp-label]
}
)
action {
action-type accept
)
b
}
b
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}
This export policy is applied in the Idp context, as follows:

# on PE-2:
configure {
router "Base" {

ldp {
export-tunnel-table ["export LDP policy"]
}

Advertise labels in BGP updates

BGP should evaluate the activated /32 LDP prefixes in the export policy. This needs to be configured on
the endpoints of the BGP tunnel on PE-2 and PE-7, as follows:

# on PE-2 and PE-7:
configure {
router "Base" {
bgp {
neighbor "192.0.2.4" {
advertise-ldp-prefix true
family {
label-ipv4 true
}

}

On RR P-4, the family label-ipv4 is enabled and the LDP prefix is advertised toward the clients PE-2 and
PE-7, as follows.

# on RR P-4:
configure {
router "Base" {

bgp {
neighbor "192.0.2.2" {
advertise-ldp-prefix true
family {
label-ipv4 true
}
}

neighbor "192.0.2.7" {
advertise-ldp-prefix true
family {
label-ipv4 true
}

}

Configuring address family label-ipv4 true and advertise-ldp-prefix true implies that all activated /32 LDP
FEC prefixes will be sent to the remote BGP peer as an RFC 3107 formatted label.
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Configuring address family label-ipv4 true and advertise-ldp-prefix false or without advertise-ldp-prefix
implies that only core IPv4 routes learned from the Route Table Manager (RTM) are advertised as RFC
3107 BGP labeled routes to this neighbor. No stitching of LDP FEC to the BGP labeled route will be
performed for this neighbor, even if the same prefix was learned from LDP.

The BGP open messages contain address family AFI=1 and SAFI=1 between the RR and peers for
address family IPv4, that is used for IPv4 unicast. See Cap_Code MP-BGP. Bytes 0x0 Ox1 (AFI=1) 0x0 Ox1
(SAFI=1).

# on ABR-3 (debugging is enabled in classic CLI):
A:ABR-3# show debug
debug
router "Base"
bgp
open
update
exit
exit
exit

[/1]
A:admin@ABR-3# show log log-id 2

Event Log 2 log-name 2

---snip---
2 2021/08/09 13:47:46.475 CEST MINOR: DEBUG #2001 Base BGP
"BGP: OPEN
Peer 1: 192.0.2.4 - Received BGP OPEN: Version 4
AS Num 64496: Holdtime 90: BGP_ID 192.0.2.4: Opt Length 20 (ExtOpt F)
Opt Para: Type CAPABILITY: Length = 18: Data:
Cap_Code GRACEFUL-RESTART: Length 2
Bytes: Ox0 0x78
Cap_Code MP-BGP: Length 4
Bytes: 0x0 0x1 0x0 Ox1
Cap_Code ROUTE-REFRESH: Length 0
Cap Code 4-OCTET-ASN: Length 4
Bytes: 0x0 0x0 Oxfb Oxf0O

---snip---

Between peers that advertise the labels, AFI=1 and SAFI=4, the address family is labeled IPv4 unicast.
The following BGP open message is seen on PE-2:

[/]
A:admin@PE-2# show log log-id 2

Event Log 2 log-name 2

Description : (Not Specified)
Memory Log contents [size=100 next event=11 (not wrapped)]

10 2021/608/09 13:51:13.041 CEST MINOR: DEBUG #2001 Base BGP
"BGP: OPEN
Peer 1: 192.0.2.4 - Received BGP OPEN: Version 4
AS Num 64496: Holdtime 90: BGP_ID 192.0.2.4: Opt Length 20 (ExtOpt F)
Opt Para: Type CAPABILITY: Length = 18: Data:
Cap_Code GRACEFUL-RESTART: Length 2
Bytes: 0x0 0x78
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Cap_Code MP-BGP: Length 4
Bytes: 0x0 0x1 0x0 0x4
Cap_Code ROUTE-REFRESH: Length 0O
Cap _Code 4-OCTET-ASN: Length 4
Bytes: Ox0 0x0 Oxfb OxfO

---snip---

No BGP update messages are sent to ABR-3. Prefix 192.0.2.8 is advertised as a labeled IPv4 route from
PE-7 to P-4 and forwarded by P-4 to its other labeled IPv4 client, PE-2, but it is not sent to BGP IPv4
clients, such as ABR-3.

The BGP update messages between labeled IPv4 peers contain label information, for example, for prefix
192.0.2.8/32. The address family is LBL-IPV4 (IPV4-Labeled) and the label is 524280. The following BGP
update for prefix 192.0.2.8/32 is received on PE-2:

[/]
A:admin@PE-2# show log log-id 2

Event Log 2 log-name 2

Description : (Not Specified)
Memory Log contents [size=100 next event=14 (not wrapped)]

12 2021/08/09 13:52:10.511 CEST MINOR: DEBUG #2001 Base Peer 1: 192.0.2.4
"Peer 1: 192.0.2.4: UPDATE
Peer 1: 192.0.2.4 - Received BGP UPDATE:
Withdrawn Length = 0
Total Path Attr Length = 56
Flag: 0x90 Type: 14 Len: 17 Multiprotocol Reachable NLRI:
Address Family LBL-IPV4
NextHop len 4 NextHop 192.0.2.7
192.0.2.8/32 Label 524280
Flag: 0x40 Type: 1 Len: 1 Origin: 0O
Flag: 0x40 Type: 2 Len: 0 AS Path:
Flag: 0x80 Type: 4 Len: 4 MED: 1
Flag: 0x40 Type: 5 Len: 4 Local Preference: 100
Flag: 0x80 Type: 9 Len: 4 Originator ID: 192.0.2.7
Flag: 0x80 Type: 10 Len: 4 Cluster ID:
1.1.1.1

---snip---

After applying the export policy from BGP to LDP, enabling the address family labeled IPv4 in BGP, and
advertising labels for the LDP FEC prefixes, LDP will look for BGP route entries in the tunnel table. If a /32
BGP labeled route matches a prefix entry in the export policy, LDP originates an LDP FEC for this prefix,
stitches it to the BGP labeled route, and redistributes the LDP FEC to its BGP neighbors. This can be
shown on PE-7, as follows.

[/1]
A:admin@PE-7# show router bgp inter-as-label

BGP Inter-AS labels
Flags: B - entry has backup, P - entry is promoted

NextHop Received Advertised Label
Label Label Origin
192.0.2.8 524287 524280 InternalLdp
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Total Labels allocated: 1

The label received from AN-8 is 524287. The label origin is InternalLdp. This LDP label is stitched to BGP
label 524280 that will be advertised by PE-7 to its BGP labeled IPv4 peers: PE-7 advertises to RR P-4 and
P-4 advertises this route to PE-2. Traffic sent from AN-1 toward AN-8 will be forwarded from PE-2 to its
BGP NH PE-7 using BGP label 524280. In PE-7, the BGP label is stitched to LDP label 524287 that will be
used to forward the packet to AN-8.

Configure SDP and Epipe

An end-to-end Epipe service is established between AN-1 and AN-8, as shown in Figure 50: End-to-end
Epipe service.

Figure 50: End-to-end Epipe service
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N Note:
In this setup, ANs are simulated by 7750 SRs. Due to this limitation, the SDP used by the Epipe
service will not become operational. 7750 SR only supports single-hop DoD, which implies that
AN-1 can only request a label for the LSR ID of the directly connected router, PE-2, not of remote
nodes, such as AN-8. Similarly, AN-8 cannot request a label for AN-1. Therefore, it is not possible
to have an LDP LSP between the ANs and the SDP will be down because there is no transport
tunnel.

The SDP is configured on AN-1, as follows:

# on AN-1:
configure {
service {
sdp 181 {
admin-state enable
delivery-type mpls
ldp true
far-end {
ip-address 192.0.2.8
}
}
)
)
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An Epipe is configured on AN-1, as follows:

# on AN-1:
configure {
service {
epipe "Epipe 1 name" {
admin-state enable
service-id 1
customer "1"
spoke-sdp 181:1 {
}

sap 1/2/1:1 {
}

}

The configuration of the SDP and the Epipe on AN-8 is similar.
The SDP is down because there is no transport tunnel, which can be shown as follows:

[/]
A:admin@AN-1# show service sdp detail

Services: Service Destination Points Details

Description : (Not Specified)

SDP Id : 181 SDP Source : manual
Admin Path MTU : 0 Oper Path MTU : 0
Delivery : MPLS

Far End : 192.0.2.8 Tunnel Far End

Oper Tunnel Far End : 192.0.2.8

LSP Types : LDP

Admin State : Up Oper State : Down
Signaling : TLDP Metric : 0
Acct. Pol : None Collect Stats : Disabled
---snip---

Flags : TranspTunnDown

---snip---

A targeted LDP session is established between AN-1 and AN-8, which can be shown as follows:

[/]
A:admin@AN-1# show router ldp session ipvé4

LDP IPv4 Sessions

Peer LDP Id Adj Type State Msg Sent Msg Recv Up Time
192.0.2.2:0 Link Established 478 484 0d 00:20:59
192.0.2.8:0 Targeted Established 10 11 0d 00:00:23
3HE 20797 AAAE TQZZA ©2025 Nokia. 250

Use subject to Terms available at: www.nokia.com/terms.



MPLS Advanced Configuration Guide for MD CLI
Releases up to 25.7.R2

LDP FEC to BGP Label Route Stitching

No. of IPv4 Sessions: 2

LDP FEC resolution at PE-2 for traffic from AN-8 to AN-1

The following steps occur at PE-2 for the LDP FEC resolution for traffic from AN-1 toward AN-8. The

situation is similar for PE-7.

1. After receiving an LDP label binding message for LDP FEC for the system address of AN-1
(192.0.2.1/32), PE-2 installs this prefix in the Label Forwarding Information Base (LFIB). PE-2 programs
a push and a swap Next Hop Label Forwarding Entry (NHLFE) in the egress data path to forward

packets to prefix 192.0.2.1/32.

N Note:
PE-2 installs this LDP FEC in the LFIB only if there is an exact match of the prefix
192.0.2.1/32 in the routing table or a longest match of the prefix in the routing table, in case
aggregate-prefix-match is configured on PE-2. The advertising LDP neighbor (AN-1) must be

the next hop to reach the FEC prefix.

[/]
A:admin@PE-2# show router ldp bindings active prefixes prefix 192.0.2.1/32

LDP Bindings (IPv4 LSR ID 192.0.2.2)
(IPv6 LSR ID ::)

Label Status:
U - Label In Use, N - Label Not In Use, W - Label Withdrawn
WP - Label Withdraw Pending, BU - Alternate For Fast Re-Route
e - Label ELC

FEC Flags:
LF - Lower FEC, UF - Upper FEC, M - Community Mismatch,
BA - ASBR Backup FEC
(S) - Static (M) - Multi-homed Secondary Support
(B) - BGP Next Hop (BU) - Alternate Next-hop for Fast Re-Route
(I) - SR-ISIS Next Hop (0) - SR-OSPF Next Hop
(C) - FEC resolved with class-based-forwarding

LDP IPv4 Prefix Bindings (Active)

Prefix Op
InglLbl EgrLbl
EgrNextHop EgrIf/LspId
192.0.2.1/32 Push

-- 524287
192.168.12.1 1/1/2
192.0.2.1/32 Swap
524286 524287
192.168.12.1 1/1/2

No. of IPv4 Prefix Active Bindings: 2
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2. PE-2 programs a tunnel entry for prefix 192.0.2.1/32 in the tunnel table.

[/1]
A:admin@PE-2# show router tunnel-table 192.0.2.1/32

IPv4 Tunnel Table (Router: Base)

Destination Owner Encap Tunnelld Pref Nexthop Metric
Color

192.0.2.1/32 ldp MPLS 65537 9 192.168.12.1 1

Flags: B = BGP or MPLS backup hop available

Loop-Free Alternate (LFA) hop available
Inactive best-external BGP route
RIB-API or Forwarding Policy backup hop

3. PE-2 advertises a new FEC label binding for prefix 192.0.2.1/32 toward all its LDP neighbors. The result
can be shown on ABR-3, as follows:

[/]
A:admin@ABR-3# show router ldp bindings prefixes prefix 192.0.2.1/32

LDP Bindings (IPv4 LSR ID 192.0.2.3)
(IPv6 LSR ID ::)

Label Status:
U - Label In Use, N - Label Not In Use, W - Label Withdrawn
WP - Label Withdraw Pending, BU - Alternate For Fast Re-Route
e - Label ELC

FEC Flags:
LF - Lower FEC, UF - Upper FEC, M - Community Mismatch,
BA - ASBR Backup FEC

LDP IPv4 Prefix Bindings

Prefix

Peer FEC-Flags
IgrLbl EgrLbl
EgrNextHop Egrintf/LspId
192.0.2.1/32

192.0.2.2:0

-- 524286

No. of IPv4 Prefix Bindings: 1

4. When BGP learns the LDP FEC via the tunnel table and the FEC prefix exists in the BGP route policy,
PE-2 originates a BGP labeled route toward all its neighbors that have the advertise label for LDP FEC
prefixes enabled. The following output shows the BGP labeled route to RR P-4 for prefix 192.0.2.1/32.

[/1]
A:admin@PE-2# show router bgp routes label-ipv4 hunt
BGP Router ID:192.0.2.2 AS:64496 Local AS:64496
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Legend -
Status codes : u - used, s - suppressed, h - history, d - decayed, * - valid
1 - leaked, x - stale, > - best, b - backup, p - purge
Origin codes : i - IGP, e - EGP, ? - incomplete
BGP Routes
RIB In Entries
---snip---
RIB Out Entries
Network 1 192.0.2.1/32
Nexthop : 192.0.2.2
Path Id : None
To : 192.0.2.4
Res. Nexthop i n/a
Local Pref. : 100 Interface Name : NotAvailable
Aggregator AS : None Aggregator : None
Atomic Aggr. : Not Atomic MED 1
AIGP Metric : None IGP Cost : n/a
Connector : None
Community : No Community Members
Cluster : No Cluster Members
Originator Id : None Peer Router Id : 192.0.2.4
IPv4 Label : 524280 Label Type : SWAP
Lbl Allocation : NEXT-HOP
Origin : IGP
AS-Path : No As-Path
Route Tag : 0
Neighbor-AS i n/a
Orig Validation: NotFound
Source Class : 0 Dest Class 1 0

BGP labeled route resolution at PE-2 for traffic from AN-1 to AN-8

The following steps occur at PE-2 for the BGP labeled route resolution for traffic from AN-1 toward AN-8.
The situation is similar for PE-7.

1. When there is an LDP LSP to the BGP neighbor advertising the route (PE-7) and PE-2 has received

a BGP labeled route via iBGP for AN-8, PE-2 installs the prefix 192.0.2.8/32 in BGP. The LDP tunnel

toward PE-7 is shown, then the BGP labeled IPv4 route toward AN-8, as advertised by PE-7.
[/1]
A:admin@PE-2# show router tunnel-table 192.0.2.7
IPv4 Tunnel Table (Router: Base)
Destination Owner Encap Tunnelld Pref Nexthop Metric

Color
192.0.2.7/32 ldp MPLS 65542 9 192.168.23.2 50
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BGP or MPLS backup hop available
Loop-Free Alternate (LFA) hop available
Inactive best-external BGP route
RIB-API or Forwarding Policy backup hop

[/]
A:admin@PE-2# show router bgp routes 192.0.2.8/32 label-ipv4
BGP Router ID:192.0.2.2 AS:64496 Local AS:64496
Legend -
Status codes : u - used, s - suppressed, h - history, d - decayed, * - valid
1 - leaked, x - stale, > - best, b - backup, p - purge
Origin codes : i - IGP, e - EGP, ? - incomplete
BGP Routes
Flag Network LocalPref MED
Nexthop (Router) Path-Id IGP Cost
As-Path Label
u*>i 192.0.2.8/32 100 1
192.0.2.7 None 50
No As-Path 524280
Routes : 1

The BGP label for traffic toward AN-8 is 524280. This is the middle label in the label stack. The next hop
is PE-7.

2. PE-2 programs a swap NHLFE in the egress data path to forward packets to 192.0.2.8/32, as follows:

[/]
A:admin@PE-2# show router ldp bindings active prefixes prefix 192.0.2.8/32

LDP Bindings (IPv4 LSR ID 192.0.2.2)
(IPv6 LSR ID ::)

Label Status:
U - Label In Use, N - Label Not In Use, W - Label Withdrawn
WP - Label Withdraw Pending, BU - Alternate For Fast Re-Route
e - Label ELC

FEC Flags:
LF - Lower FEC, UF - Upper FEC, M - Community Mismatch,
BA - ASBR Backup FEC
(S) - Static (M) - Multi-homed Secondary Support
(B) - BGP Next Hop (BU) - Alternate Next-hop for Fast Re-Route
(I) - SR-ISIS Next Hop (0) - SR-OSPF Next Hop
(C) - FEC resolved with class-based-forwarding

LDP IPv4 Prefix Bindings (Active)

Prefix op
IngLbl EgrLbl
EgrNextHop EgrIf/LspId
192.0.2.8/32(B) Swap
524279 524280
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192.0.2.7 LspId 65542

No. of IPv4 Prefix Active Bindings: 1

The (B) indicates that 192.0.2.8/32 is a BGP next hop. The ingress label is the LDP transport label from
AN-1 for prefix 192.0.2.8/32. The LSP ID 65542 corresponds to the LDP LSP toward egress next-hop
PE-7, as shown earlier in the tunnel table. The BGP egress label for traffic toward AN-8 is 524280.

3. PE-2 programs a tunnel table entry for 192.0.2.8/32.

[/]
A:admin@PE-2# show router tunnel-table

IPv4 Tunnel Table (Router: Base)

Destination Owner Encap Tunnelld Pref Nexthop Metric
Color

192.0.2.1/32 ldp MPLS 65537 9 192.168.12.1 1
192.0.2.3/32 ldp MPLS 65538 9 192.168.23.2 10
192.0.2.4/32 ldp MPLS 65539 9 192.168.23.2 20
192.0.2.5/32 ldp MPLS 65540 9 192.168.23.2 30
192.0.2.6/32 ldp MPLS 65541 9 192.168.23.2 40
192.0.2.7/32 ldp MPLS 65542 9 192.168.23.2 50
192.0.2.8/32 bgp MPLS 262145 12 192.0.2.7 1000
Flags: B = BGP or MPLS backup hop available

L = Loop-Free Alternate (LFA) hop available

E = Inactive best-external BGP route

k = RIB-API or Forwarding Policy backup hop

This is the only BGP tunnel in the tunnel table; all tunnels toward the other nodes are LDP tunnels.
LDP routes have preference over BGP labeled routes, but there is no LDP route toward 192.0.2.8/32.
Therefore, the BGP tunnel will be used for traffic destined to AN-8.

4. PE-2 advertises a new FEC label binding for prefix 192.0.2.8/32 toward AN-1. This is only done after
AN-1 requests a label for prefix 192.0.2.8/32, because LDP DoD is enabled. This is possible if the ANs
are DSLAMSs, but not in this setup with SRs.

Data plane overview for PE-2

Figure 51: Label stacks for traffic from AN-1 to AN-8 shows the label stacks that are used for traffic from
AN-1 to AN-8.
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Figure 51: Label stacks for traffic from AN-1 to AN-8

Data traffic
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N Note
The LDP transport label that is pushed by AN-1 is not known because of the single-hop LDP DoD
implementation in 7750 SR. AN-1 cannot request the LDP label for AN-8. Therefore, the LDP
transport label is represented by "X".

The service label added for the Epipe on AN-1 for egress traffic to AN-8 is 524279. Ingress traffic on AN-1
has service label 524279. This can be shown as follows:

[/]
A:admin@AN-1# show service id 1 labels

Martini Service Labels

Svc Id Sdp Binding Type I.Lbl E.Lbl

This service label remains unchanged end-to-end.
As shown earlier, the (middle) BGP label for traffic with destination AN-8 is 524280, as follows:

[/1]
A:admin@PE-2# show router ldp bindings active prefixes prefix 192.0.2.8/32

LDP Bindings (IPv4 LSR ID 192.0.2.2)
(IPv6 LSR ID ::)

Label Status:
U - Label In Use, N - Label Not In Use, W - Label Withdrawn
WP - Label Withdraw Pending, BU - Alternate For Fast Re-Route
e - Label ELC

FEC Flags:
LF - Lower FEC, UF - Upper FEC, M - Community Mismatch,
BA - ASBR Backup FEC
(S) - Static (M) - Multi-homed Secondary Support
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(B) - BGP Next Hop (BU) - Alternate Next-hop for Fast Re-Route
(I) - SR-ISIS Next Hop (0) - SR-OSPF Next Hop
(C) - FEC resolved with class-based-forwarding

LDP IPv4 Prefix Bindings (Active)

Prefix Op

IngLbl EgrLbl
EgrNextHop EgrIf/LspId
192.0.2.8/32(B) Swap

524279 524280
192.0.2.7 LspId 65542

No. of IPv4 Prefix Active Bindings: 1

The next hop is PE-7, which is the PE nearest to AN-8. The BGP label will not be swapped between PE-2
and PE-7 because there is no intermediate node that has set next-hop-self. An intermediate node with
next-hop-self would become the next hop instead of PE-7. The BGP label is only added or removed by the
next-hop PE.

On PE-2, when a service packet with destination AN-8 is received, the ingress LDP transport label X is
swapped into BGP label 524280. To reach PE-7, which is the BGP next hop for traffic toward AN-8, another
LDP transport label 524281 is pushed to the packet, as follows:

[/]
A:admin@PE-2# show router ldp bindings active prefixes prefix 192.0.2.7/32

LDP Bindings (IPv4 LSR ID 192.0.2.2)
(IPv6 LSR ID ::)

Label Status:
U - Label In Use, N - Label Not In Use, W - Label Withdrawn
WP - Label Withdraw Pending, BU - Alternate For Fast Re-Route
e - Label ELC
FEC Flags:
LF - Lower FEC, UF - Upper FEC, M - Community Mismatch,
BA - ASBR Backup FEC
(S) - Static (M) - Multi-homed Secondary Support
(B) - BGP Next Hop (BU) - Alternate Next-hop for Fast Re-Route
(I) - SR-ISIS Next Hop (0) - SR-OSPF Next Hop
(C) - FEC resolved with class-based-forwarding

LDP IPv4 Prefix Bindings (Active)

Prefix Op
IngLbl EgrLbl
EgrNextHop EgrIf/LspId
192.0.2.7/32 Push

.- 524281
192.168.23.2 1/1/1
192.0.2.7/32 Swap
524281 524281
192.168.23.2 1/1/1

No. of IPv4 Prefix Active Bindings: 2
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The next hop is ABR-3, where the ingress label 524281 is swapped to egress label 524282, as follows:

[/]
A:admin@ABR-3# show router ldp bindings active prefixes prefix 192.0.2.7/32

LDP Bindings (IPv4 LSR ID 192.0.2.3)
(IPv6 LSR ID ::)

Label Status:
U - Label In Use, N - Label Not In Use, W - Label Withdrawn
WP - Label Withdraw Pending, BU - Alternate For Fast Re-Route
e - Label ELC
FEC Flags:
LF - Lower FEC, UF - Upper FEC, M - Community Mismatch,
BA - ASBR Backup FEC
(S) - Static (M) - Multi-homed Secondary Support
(B) - BGP Next Hop (BU) - Alternate Next-hop for Fast Re-Route
(I) - SR-ISIS Next Hop (0) - SR-OSPF Next Hop
(C) - FEC resolved with class-based-forwarding

LDP IPv4 Prefix Bindings (Active)

Prefix Op
IngLbl EgrLbl
EgrNextHop EgrIf/LspId
192.0.2.7/32 Push

.- 524282
192.168.34.2 1/1/1
192.0.2.7/32 Swap
524281 524282
192.168.34.2 1/1/1

No. of IPv4 Prefix Active Bindings: 2

In the subsequent LSRs, the transport label is swapped, as follows:

On P-4:
[/]
A:admin@P-4# show router ldp bindings active prefixes prefix 192.0.2.7/32
---snip---
192.0.2.7/32 Swap
524282 524282
192.168.45.2 1/1/1
---snip---

On P-5:
[/]
A:admin@P-5# show router ldp bindings active prefixes prefix 192.0.2.7/32
---snip---
192.0.2.7/32 Swap
524282 524282
192.168.56.2 1/1/1
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---snip---

On ABR-6, the LDP label 524282 is swapped to 524287

[/]

A:admin@ABR-6# show router ldp bindings active prefixes prefix 192.0.2.7/32
---snip---

192.0.2.7/32 Swap

524282 524287

192.168.67.2 1/1/1

---snip---

On PE-7, the LDP label 524287 is popped, as follows:

[/]

A:admin@PE-7# show router ldp bindings active prefixes prefix 192.0.2.7/32
---snip---

192.0.2.7/32 Pop

524287 --

---snip---

The BGP label is also popped and mapped onto LDP label 524287 that will be pushed by PE-7 on packets
toward AN-8.

[/1]
A:admin@PE-7# show router ldp bindings active prefixes prefix 192.0.2.8/32

LDP Bindings (IPv4 LSR ID 192.0.2.7)
(IPv6 LSR ID ::)

Label Status:
U - Label In Use, N - Label Not In Use, W - Label Withdrawn
WP - Label Withdraw Pending, BU - Alternate For Fast Re-Route
e - Label ELC
FEC Flags:
LF - Lower FEC, UF - Upper FEC, M - Community Mismatch,
BA - ASBR Backup FEC
(S) - Static (M) - Multi-homed Secondary Support
(B) - BGP Next Hop (BU) - Alternate Next-hop for Fast Re-Route
(I) - SR-ISIS Next Hop (0) - SR-OSPF Next Hop
(C) - FEC resolved with class-based-forwarding

LDP IPv4 Prefix Bindings (Active)

Prefix Op
IngLbl EgrLbl
EgrNextHop EgrIf/LspId
192.0.2.8/32 Push

-- 524287
192.168.78.2 1/1/1
192.0.2.8/32 Swap
524281 524287
192.168.78.2 1/1/1

No. of IPv4 Prefix Active Bindings: 2
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OAM

The following operations, administration, and maintenance (OAM) commands—in classic CLI—can be
launched to validate an LDP FEC stitched to a BGP IPv4 labeled route and vice versa.

A:PE-2# oam lsp-ping bgp-label prefix 192.0.2.8/32

LSP-PING 192.0.2.8/32: 80 bytes MPLS payload

Seg=1, send from intf int-PE-2-ABR-3, reply from 192.0.2.8
udp-data-len=32 ttl=255 rtt=7.18ms rc=4 (NoFECMapping)

---- LSP 192.0.2.8/32 PING Statistics ----

1 packets sent, 1 packets received, 0.00% packet loss
round-trip min = 7.18ms, avg = 7.18ms, max = 7.18ms, stddev = 0.000ms

In a similar way, LSP trace can validate LDP FEC to BGP label route stitching:

A:PE-2# oam lsp-trace bgp-label prefix 192.0.2.8/32
lsp-trace to 192.0.2.8/32: 0 hops min, 0 hops max, 104 byte packets

1 192.0.2.3 rtt=1.59ms rc=8(DSRtrMatchLabel)

2 192.0.2.4 rtt=2.99ms rc=8(DSRtrMatchLabel)

3 192.0.2.5 rtt=4.02ms rc=8(DSRtrMatchLabel)

4 192.0.2.6 rtt=5.40ms rc=8(DSRtrMatchLabel)

5 192.0.2.7 rtt=6.24ms rc=8(DSRtrMatchLabel) rsc=1
6 192.0.2.8 rtt=7.20ms rc=4(NoFECMapping) rsc=1

The detailed output includes the BGP label to LDP label mapping information at the PE:

A:PE-2# oam lsp-trace bgp-label prefix 192.0.2.8/32 detail
lsp-trace to 192.0.2.8/32: 0 hops min, 0 hops max, 104 byte packets

1 192.0.2.3 rtt=1.56ms rc=8(DSRtrMatchLabel)
2 192.0.2.4 rtt=2.86ms rc=8(DSRtrMatchLabel)
3 192.0.2.5 rtt=3.61lms rc=8(DSRtrMatchLabel)
4 192.0.2.6 rtt=5.23ms rc=8(DSRtrMatchLabel)
5 192.0.2.7 rtt=6.38ms rc=8(DSRtrMatchLabel) rsc=1

DS 1: ipaddr=192.168.78.2 ifaddr=192.168.78.2 iftype=ipv4Numbered MRU=1560
label[1]=524287 protocol=3(LDP)
6 192.0.2.8 rtt=7.12ms rc=4(NoFECMapping) rsc=1

Block BGP label bindings to LDP DU peers

On a PE, labeled BGP prefixes are exported to LDP to allow LDP DoD peers to request these labels. LDP
DU peers will also get all labeled BGP prefixes if not explicitly blocked by an LDP export policy, based on
prefix lists. This can result in a high administrative and operational effort in large networks.

Blocking BGP label bindings to LDP DU peers is less labor-intensive because per-peer export policies
are re-evaluated on NH type change (such as from BGP to LDP or to "unresolved state"), not only on a
configuration change.

Figure 52: Block BGP label bindings to LDP DU peer PE-9 shows the extended topology used for this
configuration. The additional PE router, PE-9, does not need to know the BGP labeled prefixes. LDP DU is
used between PE-7 and PE-9.
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Figure 52: Block BGP label bindings to LDP DU peer PE-9
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Blocking BGP label bindings to LDP DU peers can be achieved in two ways:
1. LDP export policy based on prefix list.
2. LDP export policy based on BGP NH type change. No prefix list is required.

To compare the two, both are described.

LDP export policy based on prefix list
Before applying the policy to block BGP label bindings from PE-7 to PE-9, the LDP bindings on PE-9 for
prefix 192.0.2.1 are the following:

[/]
A:admin@PE-9# show router ldp bindings prefixes prefix 192.0.2.1/32

LDP Bindings (IPv4 LSR ID 192.0.2.9)
(IPv6 LSR ID ::)

Label Status:
U - Label In Use, N - Label Not In Use, W - Label Withdrawn
WP - Label Withdraw Pending, BU - Alternate For Fast Re-Route
e - Label ELC

FEC Flags:
LF - Lower FEC, UF - Upper FEC, M - Community Mismatch,
BA - ASBR Backup FEC

LDP IPv4 Prefix Bindings

Prefix
Peer FEC-Flags
Igribl EgrLbl
EgrNextHop EgrIntf/LspId
192.0.2.1/32
3HE 20797 AAAE TQZZA © 2025 Nokia. 261

Use subject to Terms available at: www.nokia.com/terms.



MPLS Advanced Configuration Guide for MD CLI LDP FEC to BGP Label Route Stitching
Releases up to 25.7.R2

192.0.2.7:0
- 524279

No. of IPv4 Prefix Bindings: 1

The following policy created on PE-7 is based on a prefix list that only contains the system address of the
remote AN: 192.0.2.1.

# on PE-7:
configure {
policy-options {
prefix-list "remote AN prefixes" {
prefix 192.0.2.1/32 type exact {

}
}
policy-statement "block BGP _bindings remote AN pol" {
entry 10 {
from {
prefix-list ["remote AN prefixes"]
}
action {
action-type reject
}
}
}

}
The policy is applied on PE-7 in the LDP session-parameters context for peer 192.0.2.9.

# on PE-7:
configure {
router "Base" {
ldp {
session-parameters {
peer 192.0.2.9 {
export-prefixes ["block BGP bindings remote AN pol"]
)

}

After the policy is applied, there are no LDP bindings for prefix 192.0.2.1 on PE-9:

[/]
A:admin@PE-9# show router ldp bindings prefixes prefix 192.0.2.1/32

LDP Bindings (IPv4 LSR ID 192.0.2.9)
(IPv6 LSR ID ::)

Label Status:
U - Label In Use, N - Label Not In Use, W - Label Withdrawn
WP - Label Withdraw Pending, BU - Alternate For Fast Re-Route
e - Label ELC

FEC Flags:
LF - Lower FEC, UF - Upper FEC, M - Community Mismatch,
BA - ASBR Backup FEC
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LDP IPv4 Prefix Bindings

Prefix

Peer FEC-Flags
IgrLbl EgrLbl
EgrNextHop EgrIntf/LspId

No Matching Entries Found

The original situation is restored by removing the export prefixes in the LDP session-parameters context on
PE-7.

# on PE-7:
configure {
router "Base"
ldp {
session-parameters {
peer 192.0.2.9 {
delete export-prefixes ["block BGP bindings remote AN pol"]
)

[/]
A:admin@PE-9# show router ldp bindings prefixes prefix 192.0.2.1/32

LDP Bindings (IPv4 LSR ID 192.0.2.9)
(IPv6 LSR ID ::)

Label Status:
U - Label In Use, N - Label Not In Use, W - Label Withdrawn
WP - Label Withdraw Pending, BU - Alternate For Fast Re-Route
e - Label ELC

FEC Flags:
LF - Lower FEC, UF - Upper FEC, M - Community Mismatch,
BA - ASBR Backup FEC

LDP IPv4 Prefix Bindings

Prefix
Peer FEC-Flags
IgrLbl EgrLbl
EgrNextHop EgrIntf/LspId
192.0.2.1/32
192.0.2.7:0

-- 524279
No. of IPv4 Prefix Bindings: 1
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LDP export policy based on BGP NH type change

The from protocol name [bgp] argument will have a different meaning in the context of per-peer and
targeted export policies. For those types of policies, policies are re-evaluated on NH type change; for
example, from BGP to LDP or from LDP to "unresolved state". This requires less configuration because no
prefix list needs to be specified. The following policy is configured on PE-7.

# on PE-7:
configure {
policy-options {
policy-statement "block BGP to LDP DU policy" {
entry 10 {
from {
protocol {
name [bgpl]
}

}
action {

action-type reject
}

}

The policy is applied in the LDP session-parameter context for peer 192.0.2.9.

# on PE-7:
configure {
router "Base" {
ldp {
session-parameters {
peer 192.0.2.9 {
export-prefixes ["block BGP_to LDP DU policy"]

}

}

PE-7 will not send BGP label mapping information for prefix 192.0.2.1/32 to PE-9, or for any other prefix of
a remote AN. In this example, AN-1 with prefix 192.0.2.1/32 is the only remote AN for PE-7.

[/]
A:admin@PE-9# show router ldp bindings prefixes prefix 192.0.2.1/32

LDP Bindings (IPv4 LSR ID 192.0.2.9)
(IPv6 LSR ID ::)

Label Status:
U - Label In Use, N - Label Not In Use, W - Label Withdrawn

WP - Label Withdraw Pending, BU - Alternate For Fast Re-Route
e - Label ELC
FEC Flags:
LF - Lower FEC, UF - Upper FEC, M - Community Mismatch,
BA - ASBR Backup FEC

LDP IPv4 Prefix Bindings
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Prefix

Peer FEC-Flags
IgrLbl EgrLbl
EgrNextHop EgrIntf/LspId

No Matching Entries Found

Conclusion

LDP FEC to BGP label route stitching allows LDP-capable PE devices, such as DSLAMSs, to offer services
to LDP-capable PE devices in other areas or domains without the need to support BGP labeled routes.
This feature can be used in a seamless MPLS environment.
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LDP over RSVP Using OSPF as IGP

This chapter provides information about label distribution protocol (LDP) over resource reservation protocol
with traffic engineering (RSVP-TE), also called LDP over RSVP, that uses RSVP label switched paths
(LSPs) as a transport vehicle to carry the packets using LDP LSPs.

Topics in this chapter include:
* Applicability

*  Overview

» Configuration

« Conclusion

Applicability

This chapter was initially written for SR OS Release 7.0.R5, but the configuration in this edition is based on
MD-CLI in SR OS Release 21.2.R1. There are no prerequisites.

Overview

Only user packets are tunneled over RSVP LSPs; targeted LDP (T-LDP) control messages are still sent
unlabeled using the interior gateway protocol (IGP) shortest path. Because LDP does not have traffic
engineering (TE), it can benefit from the RSVP-TE features. LDP fast reroute (FRR) is loopfree alternate
(LFA), but with LDP over RSVP, it can use RSVP FRR detour or bypass tunnels.

The main advantage of LDP over RSVP is seen in large networks. A full mesh of intra-area RSVP LSPs
between PE nodes (which in some cases is not scalable) is not needed anymore. While a label edge router
(LER) may not have that many tunnels, any transit node may have thousands of LSPs, and if each transit
node also has to deal with detour tunnels or bypass tunnels, this number can make the label switching
router (LSR) overly burdened.

LDP over RSVP can be configured in an intra-area domain and an inter-area domain. Any router in an
area can be a stitching point for LDP over RSVP. LDP over RSVP introduces a tunnel-in-tunnel tunnel
type (in addition to the existing LDP tunnel type and RSVP tunnel type). If multiple tunnel types match the
destination PE forwarding equivalence class (FEC) lookup, LDP prefers an LDP tunnel over an LDP over
RSVP tunnel by default.

First, it is important to understand how LDP FEC resolution is working (with LDP over RSVP enabled). A
more detailed description can be found later on in this chapter. The ingress LER receives an LDP label
message including a FEC with prefix P and label L from a peer by a T-LDP session. LDP tries to resolve
prefix P by performing a lookup in the Routing Table Manager (RTM). The result of this is a Next Hop
(NH) to the destination PE, either an intra-area PE (intra-area context) or an Area Border Router (ABR)
(inter-area context). When the NH matches the targeted LDP peer, LDP performs a second lookup for
that NH in the tunnel table which returns a user configured RSVP LSP with the best metric. If there are
multiple configured RSVP LSPs with the best metric, LDP selects the first available RSVP LSP. If all
user configured RSVP LSPs are down, no more action is taken. If the user did not configure any RSVP
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LSPs under the T-LDP context, the lookup in the tunnel table returns the first available RSVP LSP which
terminates on the ABR (inter-area) or intra-area PE with the lowest metric.

If the lookup in the tunnel table results in no RSVP LSP, the system can fall back to link-level interface LDP
(iLDP). In that way, it is possible that the NH is reachable using iLDP. Accordingly, the egress label is then
installed on the ingress LER.

Figure 53: Initial example topology shows the example topology with four PE routers and four P routers.

Figure 53: Initial example topology

OSPF area OSPF area OSPF area
PE-1 P-5 P-6 PE-2
192.0.2.1 0.0.0.1 192.0.2.5 0.0.0.0 192.0.2.6 0.0.0.2 192.0.2.2
11 1112 111 1172 11/ 112
1 192168150130 2 1 192168560130 2 2 192168260530 A
K K
192.168.58.0/30 192.168.67.0/30
13| 2 13| 2
1172 11/ 112 11/ 1112 111
1 192168480030 2 2 192168780/30 1 2 192.16837.030
PE-4 P-8 P-7 PE-3
192.0.2.4 192.0.2.8 102.0.2.7 192.0.2.3

al_0854

OSPF area 0.0.0.1 and OSPF area 0.0.0.2 are two metro areas, connected to each other via a core area,
represented by OSPF backbone area (area 0.0.0.0). Therefore, P-5, P-6, P-7, and P-8 are all acting as
area border routers (ABRs). LDP over RSVP principles will be shown for intra-area PE communication
(between PE-1 and PE-4) and inter-area communication (between PE-1 and PE-2).

Configuration

1. Configuring the IP/MPLS network.

The system addresses and IP interface addresses are configured according to Figure 53: Initial
example topology. An interior gateway protocol (IGP) is needed to distribute routing information on all
routers. In this case, the IGP is Open Shortest Path First (OSPF) using the backbone area 0.0.0.0 in the
core and normal areas (area 0.0.0.1 and area 0.0.0.2) in the two metro regions, connected toward the
backbone area via ABRs. A configuration example is shown for PE-1 and P-5. A similar configuration
can be derived for the other P and PE nodes.

# on PE-1:
configure {
router "Base" {
interface "int-PE-1-P-5" {
port 1/1/1
ipvd {
primary {
address 192.168.15.1
prefix-length 30
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}
}
}
interface "system" {
ipvéd {
primary {
address 192.0.2.1
prefix-length 32
}
}
}
ospf 0 {
admin-state enable
traffic-engineering
area 0.0.0.1 {
interface "int-PE-1-P-5" {
interface-type point-to-point
}
interface "system" {
}
}
}
# on P-5:

configure {
router "Base" {
interface "int-P-5-P-6" {
port 1/1/1
ipvd {
primary {

address 192.168.56.1
prefix-length 30

}
)
}
interface "int-P-5-P-8" {
port 1/1/3
ipvd {
primary {
address 192.168.58.1
prefix-length 30
}
)
}
interface "int-P-5-PE-1" {
port 1/1/2
ipvd {
primary {
address 192.168.15.2
prefix-length 30
}
)
}
interface "system" {
ipvd {
primary {
address 192.0.2.5
prefix-length 32
}
)
}
ospf 0 {

admin-state enable
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traffic-engineering
area 0.0.0.0 {
interface "int-P-5-P-6" {
interface-type point-to-point
}
interface "int-P-5-P-8" {
interface-type point-to-point
}
interface "system" {
}
}
area 0.0.0.1 {
interface "int-P-5-PE-1" {
interface-type point-to-point
}

}

Because Fast Reroute (FRR) will be enabled on the RSVP LSPs in the core area, Traffic Engineering
(TE) is needed on the IGP. By doing this, OSPF will generate opaque link state advertisements (LSAs)
which are collected in a Traffic Engineering Database (TED), separate from the traditional OSPF
topology database. OSPF interfaces are set up as type point-to-point to improve convergence, no
Designated Router/Backup Designated Router (DR/BDR) election process is performed. Convergence
is beyond the scope of this chapter.

On all nodes originating and terminating a T-LDP session, an explicit Idp-over-rsvp parameter must be
configured to enable this OSPF instance for LDP over RSVP, as follows:

# on PE-1, PE-2, PE-3, PE-4, P-5, P-6, P-7, P-8:
configure {
router "Base" {
ospf 0 {
ldp-over-rsvp true

To verify that OSPF neighbors are up (state: Full), the show router ospf neighbor command is
executed. To check if IP interface addresses/subnets are known on all PEs, show router route-table or
show router fib </OM-card-slot> displays the content of the forwarding information base (FIB).

[/1]
A:admin@PE-1# show router ospf neighbor

Rtr Base OSPFv2 Instance 0 Neighbors

Interface-Name Rtr Id State Pri RetxQ TTL
Area-Id

int-PE-1-P-5 192.0.2.5 Full 1 0 33
0.0.0.1

No. of Neighbors: 1

[/]
A:admin@PE-1# show router route-table

Route Table (Router: Base)

Dest Prefix[Flags] Type Proto Age Pref
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Next Hop[Interface Name] Metric
192.0.2.1/32 Local Local 00h02m37s 0
system 0
192.0.2.2/32 Remote OSPF 00h01ml5s 10
192.168.15.2 30
192.0.2.3/32 Remote OSPF 00h0OM57s 10
192.168.15.2 40
192.0.2.4/32 Remote OSPF 00h0OmM35s 10
192.168.15.2 30
192.0.2.5/32 Remote OSPF 00h01m31ls 10
192.168.15.2 10
192.0.2.6/32 Remote OSPF 00h01ml7s 10
192.168.15.2 20
192.0.2.7/32 Remote OSPF 00h0OM57s 10
192.168.15.2 30
192.0.2.8/32 Remote OSPF 00h0OmM37s 10
192.168.15.2 20
192.168.15.0/30 Local Local 00h02m37s 0
int-PE-1-P-5 0
192.168.26.0/30 Remote OSPF 00h01ml5s 10
192.168.15.2 30
192.168.37.0/30 Remote OSPF 00h0OM57s 10
192.168.15.2 40
192.168.48.0/30 Remote OSPF 00h0OM35s 10
192.168.15.2 30
192.168.56.0/30 Remote OSPF 00h01m31ls 10
192.168.15.2 20
192.168.58.0/30 Remote OSPF 00h01m31ls 10
192.168.15.2 20
192.168.67.0/30 Remote OSPF 00h01mlls 10
192.168.15.2 30
192.168.78.0/30 Remote OSPF 00h0OM37s 10
192.168.15.2 30

No. of Routes: 16
Flags: n = Number of times nexthop is repeated
B = BGP backup route available
L = LFA nexthop available
S = Sticky ECMP requested
[/1]
A:admin@PE-1# show router fib 1
FIB Display
Prefix [Flags] Protocol
NextHop
192.0.2.1/32 LOCAL
192.0.2.1 (system)
192.0.2.2/32 O0SPF
192.168.15.2 (int-PE-1-P-5)
192.0.2.3/32 O0SPF
192.168.15.2 (int-PE-1-P-5)
192.0.2.4/32 0SPF
192.168.15.2 (int-PE-1-P-5)
192.0.2.5/32 0SPF
192.168.15.2 (int-PE-1-P-5)
192.0.2.6/32 O0SPF
192.168.15.2 (int-PE-1-P-5)
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192.0.2.7/32 OSPF
192.168.15.2 (int-PE-1-P-5)

192.0.2.8/32 OSPF
192.168.15.2 (int-PE-1-P-5)

192.168.15.0/30 LOCAL
192.168.15.0 (int-PE-1-P-5)

192.168.26.0/30 OSPF
192.168.15.2 (int-PE-1-P-5)

192.168.37.0/30 OSPF
192.168.15.2 (int-PE-1-P-5)

192.168.48.0/30 OSPF
192.168.15.2 (int-PE-1-P-5)

192.168.56.0/30 OSPF
192.168.15.2 (int-PE-1-P-5)

192.168.58.0/30 OSPF
192.168.15.2 (int-PE-1-P-5)

192.168.67.0/30 OSPF
192.168.15.2 (int-PE-1-P-5)

192.168.78.0/30 OSPF

192.168.15.2 (int-PE-1-P-5)

The next step in the process of setting up the IP/MPLS network, is enabling the IP interfaces in the
mpls and rsvp context on all involved nodes (PE and P nodes). Explicit enabling of mpls and rsvp
context is done by the admin-state enable command. The following output displays the MPLS/RSVP
configuration for PE-1.

# on PE-1:
configure {
router "Base" {
mpls {
admin-state enable
interface "int-PE-1-P-5" {

)

}

rsvp {
admin-state enable
interface "int-PE-1-P-5" {
)

}

2. Configure the RSVP LSPs.

In both metro areas, RSVP LSPs are set up from all PEs toward the ABRs, no intra-area PE-PE RSVP
LSPs are needed. In the core/backbone, a full RSVP LSP mesh is required. To simplify the RSVP LSP
configuration, no FRR is enabled on the RSVP LSPs in the metro areas, only in the backbone area. All
RSVP paths are configured as strict paths. As an example, the configuration for PE-1 and P-5 is as
follows:

# on PE-1:
configure {
router "Base" {
mpls {
admin-state enable
path "path-PE-1-P-5" {
admin-state enable
hop 10 {
ip-address 192.168.15.2
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type strict

}
path "path-PE-1-P-5-P-8" {
admin-state enable
hop 10 {
ip-address 192.168.15.2
type strict

}

hop 20 {
ip-address 192.168.58.2
type strict

}

lsp "LSP-PE-1-P-5" {
admin-state enable
to 192.0.2.5
type p2p-rsvp
primary "path-PE-1-P-5" {
}

lsp "LSP-PE-1-P-8" {
admin-state enable
to 192.0.2.8
type p2p-rsvp
primary "path-PE-1-P-5-P-8" {
}

# on P-5:
configure {
router "Base" {
mpls {
admin-state enable
path "path-P-5-P-6" {
admin-state enable
hop 10 {
ip-address 192.168.56.2
type strict

}
path "path-P-5-P-8" {
admin-state enable
hop 10 {
ip-address 192.168.58.2
type strict

}
path "path-P-5-P-6-P-7" {
admin-state enable
hop 10 {
ip-address 192.168.56.2
type strict
}
hop 20 {
ip-address 192.168.67.2
type strict

)
path "path-P-5-PE-1" {
admin-state enable
hop 10 {
ip-address 192.168.15.1
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type strict

}
path "path-P-5-P-8-PE-4" {
admin-state enable
hop 10 {
ip-address 192.168.58.2
type strict

}

hop 20 {
ip-address 192.168.48.1
type strict

}

lsp "LSP-P-5-PE-1" {
admin-state enable
to 192.0.2.1
type p2p-rsvp
primary "path-P-5-PE-1" {
}

lsp "LSP-P-5-PE-4" {
admin-state enable
to 192.0.2.4
type p2p-rsvp
primary "path-P-5-P-8-PE-4" {
}

lsp "LSP-P-5-P-6" {
admin-state enable
to 192.0.2.6
path-computation-method local-cspf
fast-reroute {
frr-method facility
}
type p2p-rsvp
primary "path-P-5-P-6" {
}

lsp "LSP-P-5-P-7" {
admin-state enable
to 192.0.2.7
path-computation-method local-cspf
fast-reroute {
frr-method facility
}
type p2p-rsvp
primary "path-P-5-P-6-P-7" {
}

lsp "LSP-P-5-P-8" {
admin-state enable
to 192.0.2.8
path-computation-method local-cspf
fast-reroute {
frr-method facility
}
type p2p-rsvp
primary "path-P-5-P-8" {
}

© 2025 Nokia.

3HE 20797 AAAE TQZZA 273

Use subject to Terms available at: www.nokia.com/terms.



MPLS Advanced Configuration Guide for MD CLI

Releases up to 25.7.R2 LDP over RSVP Using OSPF as IGP

The following command on PE-1 lists the RSVP LSPs:

[/]
A:admin@PE-1# show router mpls 1lsp

MPLS LSPs (Originating)

LSP Name Tun Fastfail Adm Opr
To Id Config

LSP-PE-1-P-5 1 No Up Up
192.0.2.5

LSP-PE-1-P-8 2 No Up Up
192.0.2.8

LSPs : 2

The following command on PE-1 shows the tunnel table for the RSVP signaling protocol. By default,
RSVP LSPs have preference 7.

[/]
A:admin@PE-1# show router tunnel-table

IPv4 Tunnel Table (Router: Base)

Destination Owner Encap Tunnelld Pref Nexthop Metric
Color

192.0.2.5/32 rsvp MPLS 1 7 192.168.15.2 16777215

192.0.2.8/32 rsvp MPLS 2 7 192.168.15.2 16777215

Flags: B = BGP or MPLS backup hop available

L = Loop-Free Alternate (LFA) hop available

E = Inactive best-external BGP route

k = RIB-API or Forwarding Policy backup hop
On ABR P-5:

[/1]
A:admin@P-5# show router mpls lsp

MPLS LSPs (Originating)

LSP Name Tun Fastfail Adm Opr
11 Id Config

LSP-P-5-P-6 1 Yes Up Up
192.0.2.6

LSP-P-5-P-7 2 Yes Up Up
192.0.2.7

LSP-P-5-P-8 3 Yes Up Up
192.0.2.8

LSP-P-5-PE-1 4 No Up  Up
192.0.2.1

LSP-P-5-PE-4 5 No Up Up
192.0.2.4
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[/1]
A:admin@P-5# show router tunnel-table

IPv4 Tunnel Table (Router: Base)

Destination Owner Encap Tunnelld Pref Nexthop Metric
Color
192.0.2.1/32 rsvp MPLS 4 7 192.168.15.1 16777215
192.0.2.4/32 rsvp MPLS 5 7 192.168.58.2 16777215
192.0.2.6/32 [B] rsvp MPLS 1 7 192.168.56.2 10
192.0.2.7/32 [B] rsvp MPLS 2 7 192.168.56.2 20
192.0.2.8/32 [B] rsvp MPLS 3 7 192.168.58.2 10
Flags: B = BGP or MPLS backup hop available

Loop-Free Alternate (LFA) hop available
Inactive best-external BGP route
RIB-API or Forwarding Policy backup hop

By default, the metric for strict LSPs configured without Constrained Shortest Path First (CSPF) (RSVP
LSPs in metro areas) is infinite (value = 16777215). The LSP metric for CSPF LSPs (RSVP LSPs in
the core area) follows the IGP cost. LSP metrics can be explicitly set on the LSP level, see also in the
Additional topics section.

# on PE-1:
configure {
router "Base" {
mpls {
lsp "LSP-PE-1-P-5" {
metric ?

metric <number>
<number> - <0..16777215>
Dynamic Default - 0

LSP metric that forces to a constant value

Whenever an RSVP LSP comes up, it is by default eligible for LDP over RSVP, meaning that RSVP
signals to the relevant IGP (OSPF in this case) that the LSP should be included in the IGP Shortest
Path First (SPF) run. The destination of the LSP (192.0.2.5) is considered as a potential endpoint in the
Forwarding Equivalence Class (FEC) resolution. With the info detail command, all default settings of a
context are shown, but the output is filtered for Idp-over-rsvp, as follows:

# on PE-1:
configure {
router "Base" {
mpls {
lsp "LSP-PE-1-P-5" {
info detail | match ldp-over-rsvp

[ex:/configure router "Base" mpls lsp "LSP-PE-1-P-5"]
A:admin@PE-1# info detail | match ldp-over-rsvp
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ldp-over-rsvp true

[/1

A:admin@PE-1# show router mpls lsp "LSP-PE-1-P-5" detail

MPLS LSPs (Origina

ting) (Detail)

Legend :
+ - Inherited

LSP Name : LSP-PE-1-P-5
LSP Type : RegularLsp LSP Tunnel ID
LSP Index 3 4 TTM Tunnel Id
From : 192.0.2.1
To : 192.0.2.5
Adm State : Up Oper State
LSP Up Time : 0d 00:05:42 LSP Down Time
Transitions 01 Path Changes
Retry Limit : 0 Retry Timer
Signaling : RSVP Resv. Style
Hop Limit : 255 Negotiated MTU
Adaptive : Enabled ClassType
FastReroute : Disabled Oper FR
PathCompMethod : none ADSPEC
FallbkPathComp : not-applicable
Metric : N/A
Load Bal Wt : N/A ClassForwarding
Include Grps : Exclude Grps
None None
Least Fill : Disabled
BFD Template : None BFD Ping Intvl
BFD Enable : False BFD Failure-action
WaitForUpTimer : 4
Revert Timer : Disabled Next Revert In
Entropy Label : Enabled+ Oper Entropy Label
Negotiated EL : Disabled
Auto BW : Disabled
LdpOverRsvp : Enabled
VprnAutoBind : Enabled
IGP Shortcut : Enabled BGP Shortcut
IGP LFA : Disabled IGP Rel Metric
BGPTransTun : Enabled
Oper Metric : 16777215
Prop Adm Grp : Disabled
PCE Report : Disabled+
PCE Control : Disabled
Path Profile : None
Admin Tags : None
Lsp Self Ping : Disabled+ Self Ping Timeouts
SelfPingO0AMFail*: 0
Primary(a) : path-PE-1-P-5

Up Time
Bandwidth : 0 Mbps

: Up

: 0d 00:00:00
1

: 30 sec

: SE

: 1564

0

: Disabled

: Disabled

: Disabled

: 60
: None

: N/A
: Enabled

: Enabled
: Disabled

: 0d 00:05:42

* indicates that the corresponding row element may have been truncated.
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The following command makes a specific RSVP LSP ineligible for LDP over RSVP:

# on PE-1:
configure {
router "Base" {
mpls {
lsp "LSP-PE-1-P-5" {
ldp-over-rsvp false
)

3. Create T-LDP sessions according to RSVP LSPs.

It is a must that when configuring an RSVP LSP eligible for LDP over RSVP, also a T-LDP session is
initiated. This must be done on all PE and P nodes.

# on PE-1:
configure {
router "Base" {

ldp {
targeted-session {
peer 192.0.2.5 {

}
peer 192.0.2.8 {
}

[/]
A:admin@PE-1# show router ldp session family ipv4

LDP IPv4 Sessions

Peer LDP Id Adj Type State Msg Sent Msg Recv Up Time
192.0.2.5:0 Targeted Established 25 27 0d 00:01:47
192.0.2.8:0 Targeted Established 14 16 0d 00:00:58

No. of IPv4 Sessions: 2

4. Enable LDP over RSVP.

This is done using the tunneling keyword inside the T-LDP session context. This configuration is
needed on all PE and ABR nodes.

# on PE-1:
configure {
router "Base" {
ldp {
targeted-session {
peer 192.0.2.5 {

tunneling {
}

}

peer 192.0.2.8 {
tunneling {
}
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As a result of the tunneling command, the LDP over RSVP process of FEC resolving is initiated. As
already stated in the introduction, FEC resolution is a three-step process. First run an SPF calculation
to the destination, then select an endpoint close to that destination followed by a tunnel to that endpoint.
The next two steps go more into detail on this FEC resolution process. Step 5 will handle inter-area
FEC resolving and Step 6 will handle intra-area FEC resolving.

5. Inter-area FEC resolving (ingress LER is PE-1, egress LER is PE-2)
a. Verification endpoint nodes and associated RSVP tunnels.

The first thing to do in the inter-area FEC resolving process is for PE-1 to perform an SPF calculation
toward PE-2 with the purpose to search for an eligible endpoint, as close as possible to PE-2. An
endpoint is eligible when:

» a T-LDP session exists between PE-1 and the endpoint node
» tunneling is configured on the endpoint node
* PE-1 received a label for the destination FEC from the endpoint node

+ and an RSVP LSP that can be used for LDP over RSVP exists between PE-1 and the endpoint
node

Endpoint node in OSPF area 1 can be either P-5 or P-8 (only those nodes have a T-LDP session
toward PE-1). The following command shows that P-5 is the endpoint node (EgrNextHop). The
RSVP LSP that is used has ID 1.

[/1]
A:admin@PE-1# show router ldp bindings active prefixes prefix 192.0.2.2/32

LDP Bindings (IPv4 LSR ID 192.0.2.1)
(IPv6 LSR ID ::)

Label Status:
U - Label In Use, N - Label Not In Use, W - Label Withdrawn
WP - Label Withdraw Pending, BU - Alternate For Fast Re-Route
e - Label ELC

FEC Flags:
LF - Lower FEC, UF - Upper FEC, M - Community Mismatch,
BA - ASBR Backup FEC

(S) - Static (M) - Multi-homed Secondary Support

(B) - BGP Next Hop (BU) - Alternate Next-hop for Fast Re-Route
(I) - SR-ISIS Next Hop (0) - SR-OSPF Next Hop

(C) - FEC resolved with class-based-forwarding

LDP IPv4 Prefix Bindings (Active)

Prefix Op
IngLbl EgrLbl
EgrNextHop EgrIf/LspId
192.0.2.2/32 Push

-- 524268
192.0.2.5 LspId 1
192.0.2.2/32 Swap
524281 524268
192.0.2.5 LspId 1

No. of IPv4 Prefix Active Bindings: 2
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The following command shows that RSVP LSP with ID 1 is LSP-PE-1-P-5:

[/1]
A:admin@PE-1# show router mpls lsp

MPLS LSPs (Originating)

LSP Name Tun Fastfail Adm Opr
To Id Config

LSP-PE-1-P-5 1 No Up Up
192.0.2.5

LSP-PE-1-P-8 2 No Up Up
192.0.2.8

LSPs 2

The following command shows that the RSVP tunnel toward P-5 has tunnel ID 1 and next-hop
192.168.15.2:

[/1
A:admin@PE-1# show router tunnel-table

IPv4 Tunnel Table (Router: Base)

Destination Owner Encap Tunnelld Pref Nexthop Metric
Color

192.0.2.2/32 ldp MPLS 65540 9 192.0.2.5 30
192.0.2.3/32 ldp MPLS 65541 9 192.0.2.5 40
192.0.2.4/32 ldp MPLS 65538 9 192.0.2.5 30
192.0.2.5/32 rsvp MPLS 1 7 192.168.15.2 16777215
192.0.2.5/32 ldp MPLS 65537 9 192.0.2.5 10
192.0.2.6/32 ldp MPLS 65539 9 192.0.2.5 20
192.0.2.7/32 ldp MPLS 65542 9 192.0.2.5 30
192.0.2.8/32 rsvp MPLS 2 7 192.168.15.2 16777215
192.0.2.8/32 ldp MPLS 65543 9 192.0.2.8 20
Flags: B = BGP or MPLS backup hop available

L = Loop-Free Alternate (LFA) hop available

E = Inactive best-external BGP route

k = RIB-API or Forwarding Policy backup hop

Endpoint node in OSPF area 0 can be either P-6, P-7, or P-8 (only those nodes have a T-
LDP session toward P-5). The following command on P-5 shows that P-6 is the endpoint node
(EgrNextHop). The RSVP LSP that is used on P-5 has ID 1.

[/]A:admin@P-5# show router ldp bindings active prefixes prefix 192.0.2.2/32

LDP Bindings (IPv4 LSR ID 192.0.2.5)
(IPv6 LSR ID ::)

Label Status:
U - Label In Use, N - Label Not In Use, W - Label Withdrawn
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WP - Label Withdraw Pending, BU - Alternate For Fast Re-Route
e - Label ELC
FEC Flags:
LF - Lower FEC, UF - Upper FEC, M - Community Mismatch,
BA - ASBR Backup FEC
(S) - Static (M) - Multi-homed Secondary Support
(B) - BGP Next Hop (BU) - Alternate Next-hop for Fast Re-Route
(I) - SR-ISIS Next Hop (0) - SR-OSPF Next Hop
(C) - FEC resolved with class-based-forwarding

LDP IPv4 Prefix Bindings (Active)

Prefix Op
InglLbl EgrLbl
EgrNextHop EgrIf/LspIld
192.0.2.2/32 Push

-- 524270
192.0.2.6 LspId 1
192.0.2.2/32 Swap
524268 524270
192.0.2.6 LspId 1

No. of IPv4 Prefix Active Bindings: 2

The following command shows that the RSVP LSP with ID 1 is LSP-P-5-P-6:

[/1]
A:admin@P-5# show router mpls lsp

MPLS LSPs (Originating)

LSP Name Tun Fastfail Adm Opr
To Id Config

LSP-P-5-P-6 1 Yes Up Up
192.0.2.6

LSP-P-5-P-7 2 Yes Up Up
192.0.2.7

LSP-P-5-P-8 3 Yes Up Up
192.0.2.8

LSP-P-5-PE-1 4 No Up Up
192.0.2.1

LSP-P-5-PE-4 5 No Up Up
192.0.2.4

LSPs 5

The following command shows that the RSVP tunnel with ID 1 and destination 192.0.2.6 has next-
hop 192.168.56.2 and metric 10:

[/1
A:admin@P-5# show router tunnel-table

IPv4 Tunnel Table (Router: Base)
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Destination Owner Encap Tunnelld Pref Nexthop Metric
Color

192.0.2.1/32 rsvp MPLS 4 7 192.168.15.1 16777215
192.0.2.1/32 ldp MPLS 65537 9 192.0.2.1 10
192.0.2.2/32 ldp MPLS 65540 9 192.0.2.6 20
192.0.2.3/32 ldp MPLS 65541 9 192.0.2.7 30
192.0.2.4/32 rsvp MPLS 5 7 192.168.58.2 16777215
192.0.2.4/32 ldp MPLS 65538 9 192.0.2.4 20
192.0.2.6/32 [B] rsvp MPLS 1 7 192.168.56.2 10
192.0.2.6/32 ldp MPLS 65539 9 192.0.2.6 10
192.0.2.7/32 [B] rsvp MPLS 2 7 192.168.56.2 20
192.0.2.7/32 ldp MPLS 65542 9 192.0.2.7 20
192.0.2.8/32 [B] rsvp MPLS 3 7 192.168.58.2 10
192.0.2.8/32 ldp MPLS 65543 9 192.0.2.8 10
Flags: B = BGP or MPLS backup hop available

L = Loop-Free Alternate (LFA) hop available

E = Inactive best-external BGP route

k = RIB-API or Forwarding Policy backup hop

On node P-6, the following commands are launched for the final destination node PE-2. Also there,
an RSVP LSP toward PE-2 is used as transport tunnel for user packets.

[/1]
A:admin@P-6# show router ldp bindings active prefixes prefix 192.0.2.2/32

LDP Bindings (IPv4 LSR ID 192.0.2.6)
(IPv6 LSR ID ::)

Label Status:
U - Label In Use, N - Label Not In Use, W - Label Withdrawn
WP - Label Withdraw Pending, BU - Alternate For Fast Re-Route
e - Label ELC
FEC Flags:
LF - Lower FEC, UF - Upper FEC, M - Community Mismatch,
BA - ASBR Backup FEC
(S) - Static (M) - Multi-homed Secondary Support
(B) - BGP Next Hop (BU) - Alternate Next-hop for Fast Re-Route
(I) - SR-ISIS Next Hop (0) - SR-OSPF Next Hop
(C) - FEC resolved with class-based-forwarding

LDP IPv4 Prefix Bindings (Active)

Prefix Op
IngLbl EgrLbl
EgrNextHop EgrIf/LspId
192.0.2.2/32 Push

-- 524285
192.0.2.2 LspId 4
192.0.2.2/32 Swap
524270 524285
192.0.2.2 LspId 4

No. of IPv4 Prefix Active Bindings: 2
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[/]
A:admin@P-6# show router mpls 1lsp

MPLS LSPs (Originating)

LSP Name Tun Fastfail Adm Opr
To Id Config

LSP-P-6-P-5 1 Yes Up Up
192.0.2.5

LSP-P-6-P-7 2 Yes Up Up
192.0.2.7

LSP-P-6-P-8 3 Yes Up Up
192.0.2.8

LSP-P-6-PE-2 4 No Up Up
192.0.2.2

LSP-P-6-PE-3 5 No Up Up
192.0.2.3

LSPs : 5

[/1]

A:admin@P-6# show router tunnel-table

IPv4 Tunnel Table (Router: Base)

Destination Owner Encap Tunnelld Pref Nexthop Metric
Color

192.0.2.1/32 ldp MPLS 65539 9 192.0.2.5 20
192.0.2.2/32 rsvp MPLS 4 7 192.168.26.1 16777215
192.0.2.2/32 1ldp MPLS 65537 9 192.0.2.2 10
192.0.2.3/32 rsvp MPLS 5 7 192.168.67.2 16777215
192.0.2.3/32 ldp MPLS 65538 9 192.0.2.3 20
192.0.2.4/32 1ldp MPLS 65542 9 192.0.2.8 30
192.0.2.5/32 [B] rsvp MPLS 1 7 192.168.56.1 10
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