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Preface

This guide describes how to configure MPLS for OcNOS.

IP Maestro Support

Monitor devices running OcNOS Release 6.3.4-70 and above using IP Maestro software.

Audience

This guide is intended for network administrators and other engineering professionals who configure MPLS for OcNOS.

Conventions

Table P-1 shows the conventions used in this guide.

Table P-1: Conventions

Convention Description

Italics Emphasized terms; titles of books

Note: Special instructions, suggestions, or warnings

monospaced type Code elements such as commands, parameters, files, and directories

Chapter Organization

The chapters in command references are organized as described in Command Description Format.
The chapters in configuration guides are organized into these major sections:

* An overview that explains a configuration in words

+ Topology with a diagram that shows the devices and connections used in the configuration

»  Configuration steps in a table for each device where the left-hand side shows the commands you enter and the
right-hand side explains the actions that the commands perform

» Validation which shows commands and their output that verify the configuration

Related Documentation

For information about installing OcNOS, see the Installation Guide for your platform.
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Migration Guide

Check the Migration Guide for configuration changes to make when migrating from one version of OcNOS to another.

Feature Availability

The features described in this document are available depending upon the OcNOS SKU that you purchased. See the
Feature Matrix for a description of the OcNOS SKUs.

Support

For support-related questions, contact support@ipinfusion.com.

Comments

If you have comments, or need to report a problem with the content, contact techpubs@ipinfusion.com.
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Command Line Interface

Command Line Interface

This chapter introduces the OcNOS Command Line Interface (CLI) and how to use its features.

Overview

You use the CLI to configure, monitor, and maintain OcNOS devices. The CLI is text-based and each command is
usually associated with a specific task.

You can give the commands described in this manual locally from the console of a device running OcNOS or remotely
from a terminal emulator such as putty or xterm. You can also use the commands in scripts to automate
configuration tasks.

Command Line Interface Help

You access the CLI help by entering a full or partial command string and a question mark “?”. The CLI displays the
command keywords or parameters along with a short description. For example, at the CLI command prompt, type:

> show ?

The CLI displays this keyword list with short descriptions for each keyword:

control-adjacency
control-channel

show ?
application-priority Application Priority
arp Internet Protocol (IP)
bfd Bidirectional Forwarding Detection (BFD)
bgp Border Gateway Protocol (BGP)
bi-1sp Bi-directional 1lsp status and configuration
bridge Bridge group commands
ce-vlan COS Preservation for Customer Edge VLAN
class-map Class map entry
cli Show CLI tree of current mode
clns Connectionless-Mode Network Service (CLNS)

Control Adjacency status and configuration
Control Channel status and configuration

cspf CSPF Information

customer Display Customer spanning-tree

cvlan Display CVLAN information

debugging Debugging functions (see also 'undebug')
etherchannel LACP etherchannel

ethernet Layer-2

If you type the ? in the middle of a keyword, the CLI displays help for that keyword only.

> show de?
debugging Debugging functions (see also 'undebug')

If you type the ? in the middle of a keyword, but the incomplete keyword matches several other keywords, OcNOS
displays help for all matching keywords.

> show 1? (CLI does not display the question mark).
interface Interface status and configuration

ip IP information

isis ISIS information
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Command Completion

The CLI can complete the spelling of a command or a parameter. Begin typing the command or parameter and then
press the tab key. For example, at the CLI command prompt type sh:

> sh
Press the tab key. The CLI displays:

> show

If the spelling of a command or parameter is ambiguous, the CLI displays the choices that match the abbreviation. Type
show 1 and press the tab key. The CLI displays:

> show i
interface ip ipv6 isis
> show i
The CLI displays the interface and ip keywords. Type n to select interface and press the tab key. The CLI
displays:

> show in
> show interface

Type ? and the CLI displays the list of parameters for the show interface command.

> show interface
IFNAME Interface name
| Output modifiers
> Output redirection
<cr>

The CLI displays the only parameter associated with this command, the TFNAME parameter.

Command Abbreviations

The CLI accepts abbreviations that uniquely identify a keyword in commands. For example:

> sh int xe0
is an abbreviation for:

> show interface xe0

Command Line Errors

Any unknown spelling causes the CLI to display the error Unrecognized command in response to the ?. The CLI
displays the command again as last entered.

> show dd?

% Unrecognized command
> show dd

When you press the Enter key after typing an invalid command, the CLI displays:

(config) #router ospf here

A

Q

% Invalid input detected at
where the * points to the first character in error in the command.

TA

marker.
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If a command is incomplete, the CLI displays the following message:

> show

[o)

% Incomplete command.
Some commands are too long for the display line and can wrap mid-parameter or mid-keyword, as shown below. This
does not cause an error and the command performs as expected:

area 10.10.0.18 wvirtual-link 10.10.0.19 authent
ication-key 57393

Command Negation

Many commands have a no form that resets a feature to its default value or disables the feature. For example:
* The ip address command assigns an IPv4 address to an interface

* Theno ip address command removes an IPv4 address from an interface

Syntax Conventions

Table P-2 describes the conventions used to represent command syntax in this reference.

Table P-2: Syntax conventions

Convention Description Example
monospaced | Command strings entered on a command line show ip ospf
font

lowercase Keywords that you enter exactly as shown in the show ip ospf

command syntax.

UPPERCASE See Variable Placeholders IFNAME

() Optional parameters, from which you must select (A.B.C.D|<0-4294967295>)
one. Vertical bars delimit the selections. Do not
enter the parentheses or vertical bars as part of the
command.

() Optional parameters, from which you select one or (A.B.C.D|<0-4294967295>])
none. Vertical bars delimit the selections. Do not
enter the parentheses or vertical bars as part of the
command.

() Optional parameter which you can specify or omit. (IFNAME | )
Do not enter the parentheses or vertical bar as part
of the command.

{} Optional parameters, from which you must select {intra-area <1-255>|inter-area
one or more. Vertical bars delimit the selections. Do | <1-255>|external <1-255>}

not enter the braces or vertical bars as part of the
command.
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Table P-2: Syntax conventions (Continued)

Convention Description Example

[] Optional parameters, from which you select zero or [<1-65535>|AA:NN|internet|local-AS]|
more. Vertical bars delimit the selections. Do not no-advertise|no-export]
enter the brackets or vertical bars as part of the
command.

? Nonrepeatable parameter. The parameter that ?route-map WORD

follows a question mark can only appear once in a
command string. Do not enter the question mark as
part of the command.

Repeatable parameter. The parameter that followsa | set as-path prepend .<1-65535>
period can be repeated more than once. Do not
enter the period as part of the command.

Variable Placeholders

Table P-3 shows the tokens used in command syntax use to represent variables for which you supply a value.

Table P-3: Variable placeholders

Token Description

WORD A contiguous text string (excluding spaces)

LINE A text string, including spaces; no other parameters can follow this parameter
IFNAME Interface name whose format varies depending on the platform; examples are: ethO,

Ethernet0, ethernetO, xe0

A.B.C.D IPv4 address

A.B.C.D/M IPv4 address and mask/prefix
X:X::X:X IPv6 address

X:X::X:X/M IPv6 address and mask/prefix
HH:MM:SS Time format

AA:NN BGP community value

XX XX XX : XX : XX : XX MAC address

<1-5> Numeric range
<1-65535>

<0-2147483647>
<0-4294967295>
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Command Description Format

Table P-4 explains the sections used to describe each command in this reference.

Table P-4: Command descriptions

Section

Description

Command Name

The name of the command, followed by what the command does and when should it be used

Command Syntax

The syntax of the command

Parameters

Parameters and options for the command

Default

The state before the command is executed

Command Mode

The mode in which the command runs; see Command Modes

Example

An example of the command being executed

Keyboard Operations

Table P-5 lists the operations you can perform from the keyboard.

Table P-5: Keyboard operations

Key combination

Operation

Left arrow or Ctrl+b

Moves one character to the left. When a command extends beyond a single line, you can press left
arrow or Ctrl+b repeatedly to scroll toward the beginning of the line, or you can press Ctrl+a to go
directly to the beginning of the line.

Right arrow or Ctrl-f

Moves one character to the right. When a command extends beyond a single line, you can press right
arrow or Ctrl+f repeatedly to scroll toward the end of the line, or you can press Ctrl+e to go directly to
the end of the line.

Esc, b Moves back one word

Esc, f Moves forward one word

Ctrl+e Moves to end of the line

Ctrl+a Moves to the beginning of the line

Ctrl+u Deletes the line

Ctrl+w Deletes from the cursor to the previous whitespace

Alt+d Deletes the current word

Ctrl+k Deletes from the cursor to the end of line

Ctrl+y Pastes text previously deleted with Ctrl+k, Alt+d, Ctrl+w, or Ctrl+u at the cursor
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Table P-5: Keyboard operations (Continued)

Key combination Operation

Ctrl+t Transposes the current character with the previous character
Ctrl+c Ignores the current line and redisplays the command prompt
Ctrl+z Ends configuration mode and returns to exec mode

Ctrl+l Clears the screen

Up Arrow or Ctrl+p Scroll backward through command history

Down Arrow or Ctrl+n Scroll forward through command history

Show Command Modifiers

You can use two tokens to modify the output of a show command. Enter a question mark to display these tokens:

# show users ?
| Output modifiers
> Qutput redirection

You can type the | (vertical bar character) to use output modifiers. For example:

> show rsvp | ?
begin Begin with the line that matches
exclude Exclude lines that match
include Include lines that match
last Last few lines

redirect Redirect output

Begin Modifier

The begin modifier displays the output beginning with the first line that contains the input string (everything typed after
the begin keyword). For example:

# show running-config | begin xel
...skipping

interface xel

ipv6 address fe80::204:75ff:fee6:5393/64
|

interface xe2

ipv6 address fe80::20d:56ff:fe96:725a/64
|

line con O

login

I
end

You can specify a regular expression after the begin keyword, This example begins the output at a line with either
“xe2” or “xe4”:

# show running-config | begin xe[3-4]

...skipping
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interface xe3
shutdown

|

interface xe4d
shutdown

|

interface svlan0.1
no shutdown

|

route-map myroute permit 3
|
route-map mymapl permit 10
|
route-map rmapl permit 3
|
line con O
login
line vty 0 4
login
|
end

Include Modifier

# show interface xel | include input
input packets 80434552, bytes 2147483647, dropped 0, multicast packets 0
input errors 0, length 0, overrun 0, CRC 0, frame 0, fifo 1, missed O
You can specify a regular expression after the include keyword. This examples includes all lines with “input” or
“output”:
#show interface xe0 | include (in]out)put
input packets 597058, bytes 338081476, dropped 0, multicast packets 0
input errors 0, length 0, overrun 0, CRC 0, frame 0, fifo 0, missed 0
output packets 613147, bytes 126055987, dropped O
output errors 0, aborted 0, carrier 0, fifo 0, heartbeat 0, window O

Exclude Modifier

The exclude modifier excludes all lines of output that contain the input string. In the following output example, all lines
containing the word “input” are excluded:

# show interface xel | exclude input

Interface xel
Scope: both

Hardware is Ethernet, address is 0004.75e6.5393
index 3 metric 1 mtu 1500 <UP,BROADCAST,RUNNING,MULTICAST>

VRF Binding: Not bound
Administrative Group(s) :

None

DSTE Bandwidth Constraint Mode is MAM
inet6 fe80::204:75ff:fee6:5393/64

output packets 4438, bytes 394940,

output errors 0, aborted O,

collisions 0

carrier O,

dropped 0

fifo O,

heartbeat O,

The include modifier includes only those lines of output that contain the input string. In the output below, all lines
containing the word “input” are included:

window O
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You can specify a regular expression after the exc1ude keyword. This example excludes lines with “output” or “input”:

# show interface xe0 | exclude (in|out)put
Interface xe0
Scope: both
Hardware is Ethernet Current HW addr: 001b.2139.6c4da
Physical:001b.2139.6c4a Logical: (not set)
index 2 metric 1 mtu 1500 duplex-full arp ageing timeout 3000
<UP, BROADCAST, RUNNING, MULTICAST>
VRF Binding: Not bound
Bandwidth 100m
DHCP client is disabled.
inet 10.1.2.173/24 broadcast 10.1.2.255
VRRP Master of : VRRP is not configured on this interface.
inet6 fe80::21b:21ff:fe39:6cda/64
collisions 0

Redirect Modifier

The redirect modifier writes the output into a file. The output is not displayed.

# show cli history | redirect /var/frame.txt
The output redirection token (>) does the same thing:

# show cli history >/var/frame.txt

Last Modifier

The 1ast modifier displays the output of last few number of lines (As per the user input). The last number ranges from
1 to 9999.

For example:

#show running-config | last 10
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String Parameters

The restrictions in Table P-6 apply for all string parameters used in OcNOS commands, unless some other restrictions
are noted for a particular command.

Table P-6: String parameter restrictions

Restriction Description
Input length 1965 characters or less
Restricted special characters “r f S Y7, and f=7

The “|” character is allowed only for the description command in interface
mode.

Command Modes

Commands are grouped into modes arranged in a hierarchy. Each mode has its own set of commands. Table P-7 lists
the command modes common to all protocols.

Table P-7: Common command modes

Name Description
Executive Also called view mode, this is the first mode to appear after you start the CLI. It is a base mode from where you
mode can perform basic commands such as show, exit, quit, help, and enable.
Privileged Also called enable mode, in this mode you can run additional basic commands such as debug, write, and
executive show.
mode
Configure Also called configure terminal mode, in this mode you can run configuration commands and go into other
mode modes such as interface, router, route map, key chain, and address family.

Configure mode is single user. Only one user at a time can be in configure mode.
Interface In this mode you can configure protocol-specific settings for a particular interface. Any setting you configure in
mode this mode overrides a setting configured in router mode.
Router This mode is used to configure router-specific settings for a protocol such as BGP or OSPF.
mode
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Command Mode Tree

The diagram below shows the common command mode hierarchy.

Start in
executive
mode

+ enable (password)

Privileged
executive
mode

+ configure terminal

Configure
mode

interface xe0 / \router ospf

Interface Router
mode mode

Figure P-1: Common command modes

To change modes:
1. Enter privileged executive mode by entering enable in Executive mode.

2. Enter configure mode by entering configure terminal in Privileged Executive mode.

The example below shows moving from executive mode to privileged executive mode to configure mode and finally to
router mode:

> enable mypassword

# configure terminal

Enter configuration commands, one per line. End with CNTL/Z.
(config)# router ospf

(config-router) #

Note: Each protocol can have modes in addition to the common command modes. See the command reference for
the respective protocol for details.
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Transaction-based Command-line Interface

The OcNOS command line interface is transaction based:

* Any changes done in configure mode are stored in a separate candidate configuration that you can view with the
show transaction current command.

*  When a configuration is complete, apply the candidate configuration to the running configuration with the commi t
command.

+ If a commit fails, no configuration is applied as the entire transaction is considered failed. You can continue to
change the candidate configuration and then retry the commi t.

» Discard the candidate configuration with the abort transaction command.
*  Check the last aborted transaction with the show transaction last-aborted command.

*  Multiple configurations cannot be removed with a single commi t. You must remove each configuration followed by
a commit.

Note: All commands MUST be executed only in the default CML shell (cm1sh). If you log in as root and start imish,
then the system configurations will go out of sync. The imish shell is not supported and should not be started
manually.
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Multi-Protocol Label Switching Configuration
Guide
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cHapTER 1 Understanding Label Space

This chapter contains configurations for Label Space. It also provides an overview of Label Space concepts.

Overview

The Label space refers to the scope of labels in a given LSR. It determines assignment and distribution of labels to a
given peer. During data flow, it decides the key for looking up MPLS table and takes appropriate action based on the
entry.

OcNOS supports per-platform label space, where a label must be unique for the entire platform. A label is interpreted
the same way at all the interfaces. The FIB entry in the router does not contain incoming interface-related information.
Thus the incoming traffic will be matched only with the label.

Topology
222232
xe xel
10.10.10.2/32 20.20.20.1/32
—— = ., Xeﬁ Xe1 e '--._._\.
11.1.1/32 10.10.10.1/32 20.20.20.2/32 w 333332
Figure 1-1: LDP Topology
PE1
PEl#configure terminal Enter configure mode
PE1l (config) #interface lo Enter interface mode.
PEl (config-if) #ip address 1.1.1.1/32 Configure IP address for the loopback address
secondary
PE1l (config-if) #exit Exit interface mode
PE1l (config) #interface xe6 Specify the interface (xe6) to be configured
PEl (config-if) #ip address 10.10.10.1/24 Configure IP address for the interface
PEl (config-if) #no shutdown Administratively bringing up the interface
PE1l (config-if) #fexit Exit interface mode
PE1l (config) #router ospf 100 Configure the routing process and specify the Process ID
(100)

PE1l (config-router) #ospf router-id 1.1.1.1 Configure OSPF router ID same as loopback IP address
PEl (config-router) #network 10.10.10.0/24 Define the interface on which OSPF runs and associate the
area 0 area ID (0) with the interface

PEl (config-router) #network 1.1.1.1/32 area 0
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PE1l (config-router) #exit

Exit configure mode

PEl (config) #router 1ldp

Enter router mode for LDP

Set the router ID to IP address 1.1.1.1

(
(

PEl (config-router) #router-id 1.1.1.1
(

PEl (config-router) #transport-address ipv4
1.1.1.1

Configure the transport address to be used for a TCP session
over which LDP will run on an IPv4 interface. Note: It is
preferable to use the loopback address as transport address.
In addition, use the parameter "ipv6" if you are configuring an
IPVv6 interface.

PEl (config-router)# targeted-peer ipvi4
3.3.3.3

Configure targeted peer.

PEl (config-router-targeted-peer) fexit

Exit from router target peer and LDP mode

PE1l (config-if) #exit

Exit interface mode

PEl (config) #interface xe6

Specify the interface (xe6)to be configured

PEl (config-if) #label-switching

Enabling label switching capability on router

PEl (config-if) #enable-1dp ipv4

Enabling Idp on interface

PEl (config-if) #commit

Commit the transaction.

P

P#configure terminal

Enter configure mode.

config) #interface lo

Enter interface mode.

config-if)#ip address 2.2.2.2/32 secondary

Configure IP address for the loopback address

Exit interface mode

config) #interface xeb

Specify the interface (xe6) to be configured

config-if)#ip address 10.10.10.2/24

Configure IP address for the interface

P(
P(
P(config-if) #exit
P(
P(
P(

config-if) #no shutdown

Administratively bringing up the interface

P(config) #interface xel

Specify the interface (xel) to be configured

P(config-if) #ip address 20.20.20.1/24

Configure IP address for the interface

P (config) #router ospf 100

Configure the routing process and specify the Process ID
(100)

P(config-router) #ospf router-id 2.2.2.2

Configure OSPF router ID same as loopback IP address

P(config-router) #network 10.10.10.0/24 area
0

P(config-router) #network 20.20.20.0/24 area
0

P(config-router) #network 2.2.2.2/32 area 0

Define the interface on which OSPF runs and associate the
area ID (0) with the interface

P (config-router) ffexit

Exit router mode

P(config) #router 1ldp

Enter router mode for LDP

P(config-router) #router-id 2.2.2.2

Set the router ID to IP address 2.2.2.2

P(config-router) #transport-address ipv4
2.2.2.2

Configure the transport address to be used for a TCP session
over which LDP will run on an IPv4 interface. Note: It is
preferable to use the loopback address as transport address.
In addition, use the parameter "ipv6" if you are configuring an
IPVv6 interface.

P(config-router) ffexit

Exit router mode for LDP

42
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P(config) #mpls min-label-value 1000 max-
label-value 50000 label-space O

Configure the minimum label value and maximum label value
to be used by Platform label space (Label space 0)

P(config) #interface xe6

Specify the interface (xe6)to be configured

config-if) #label-switching

Enabling label switching capability on router

config-if) #enable-1dp ipv4

Enabling Idp on interface

config-if) #exit

Exit interface mode

config) #interface xel

Specify the interface (xe1) to be configured

config-if)#label-switching

Enabling label switching capability on router

config-if) #enable-1dp ipv4

Enabling Idp on interface

(
(
(
(
(
(
(
(

config-if) #commit

Commit the transaction.

PE2

PE2#configure terminal

Enter configure mode.

PE2 (config) #interface lo

Enter interface mode.

PE2 (config-if) #ip address 3.3.3.3/32
secondary

Configure IP address for the loopback address

PE2 (config-if) #exit

Exit interface mode

PE2 (config) #interface xel

Specify the interface (xel) to be configured

PE2 (config-if) #ip address 20.20.20.2/24

Configure IP address for the interface

PE2 (config-if) #no shutdown

Administratively bringing up the interface

PE2 (config-if) #exit

Exit interface mode

PE2 (config) #router ospf 100

Configure the routing process and specify the Process ID
(100)

PE2 (config-router) #ospf router-id 3.3.3.3

Configure OSPF router ID same as loopback IP address

PE2 (config-router) #network 20.20.20.0/24
area O

PE2 (config-router) #network 3.3.3.3/32 area 0

Define the interface on which OSPF runs and associate the
area ID (0) with the interface

PE2 (config-router) #exit

Exit router mode

Enter router mode for LDP

(
PE2 (config) #router ldp
PE2 (config-router) #router-id 3.3.3.3

Set the router ID to IP address 3.3.3.3

(config-router) #transport-address ipv4
3.3.3.3

Configure the transport address to be used for a TCP session
over which LDP will run on an IPv4 interface. Note: It is
preferable to use the loopback address as transport address.
In addition, use the parameter "ipv6" if you are configuring an
IPVv6 interface.

PE2 (config-router)# targeted-peer ipvi
1.1.1.1

Configure targeted peer.

PE1l (config-router-targeted-peer) fexit

Exit from router target peer and LDP mode

PE2 (config-router) #exit

Exit router mode for LDP

PE2 (config) #interface xel

Specify the interface (xe1) to be configured

PE2 (config-if) #label-switching

Enabling label switching capability on router

PE2 (config-if) #enable-1dp ipv4

Enabling Idp on interface

(
(
(
(

PE2 (config-if) #commit

Commit the transaction.
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Validation

PEl#show 1ldp

Router ID

LDP Version
Fast-reroute Per-prefix
Global Merge Capability
Label Advertisement Mode
Label Retention Mode
Label Control Mode
Instance Loop Detection
Request Retry

Propagate Release
Graceful Restart

Hello Interval

Targeted Hello Interval
Hold time

Targeted Hold time
Keepalive Interval
Keepalive Timeout
Request retry Timeout

Auto Targeted Hello Receipt

Transport Address data
Labelspace 0
Import BGP routes

PEl#show ip ospf neighbor

1.1.1.1
1
Disabled

Merge Capable

Downstream Unsolicited

Liberal
Independent
Off

Off
Disabled
Disabled
5

15

15

45

10

30

5

1.1.1.1
No

Total number of full neighbors: 1
OSPF process 100 VRF (default) :

Neighbor ID Pri State
Instance ID

2.2.2.2 1 Full/Backup
P#show 1dp

Router ID 2.2.2.2
LDP Version 1

Global Merge Capability
Label Advertisement Mode
Label Retention Mode
Label Control Mode
Instance Loop Detection
Request Retry

Propagate Release
Graceful Restart

Hello Interval

Targeted Hello Interval
Hold time

Targeted Hold time

Enabled

(in use)

Dead Time

00:00:30

Merge Capable

Downstream Unsolicited

Liberal
Independent
Off

Off
Disabled
Disabled

5

15

15

45

Address

10.10.10.2

Interface

xel

44
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Keepalive Interval

Keepalive Timeout

Request retry Timeout

Transport Address data
Labelspace 0

Import BGP routes

P#show mpls label-space 0

Label range (min - max)

module-static
Default range

module-srgb
Default range

module-rsvp
Configured range
Current dynamic range

module-1dp
Configured range
Current dynamic range

module-bgp
Configured range

Current dynamic range

P#show ip ospf neighbor

Total number of full neighbors:
OSPF process 100 VRF (default):

2.2.2.2 (in use)

1000 - 50000

1000 - 3450

3451 - 11770

N/A
N/A

Not configured
12160 - 12799

N/A
N/A

Neighbor ID Pri State Dead Time Address Interface
Instance ID
10.12.49.142 1 Full/DR 00:00:34 10.10.10.1 xel 0
10.12.49.158 1 Full/Backup 00:00:36 20.20.20.2 xeb 0
P#show mpls ilm-table
Codes: > - selected ILM, p - stale ILM, K - CLI ILM, T - MPLS-TP
Code FEC ILM-ID In-Label Out-Label In-Intf Out-Intf
Nexthop LSP-Type

> 1.1.1.1/32 1 3840 3 N/A xel
172.168.25.56 LSP DEFAULT

> 3.3.3.3/32 2 3841 3 N/A xe2
10.10.20.51 LSP DEFAULT
PE2#show 1ldp
Router ID 3.3.3.3
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LDP Version
Fast-reroute Per-prefix
Global Merge Capability
Label Advertisement Mode
Label Retention Mode
Label Control Mode
Instance Loop Detection
Request Retry

Propagate Release
Graceful Restart

Hello Interval

Targeted Hello Interval
Hold time

Targeted Hold time
Keepalive Interval
Keepalive Timeout
Request retry Timeout

Auto Targeted Hello Receipt

Transport Address data
Labelspace 0
Import BGP routes

1
Disabled
Merge Capable
Downstream Unsolicited
Liberal
Independent
off
Off
Disabled
Disabled
5
15
15
45
10
30
5

Enabled

3.3.3.3 (in use)
No

PE2#show ip ospf neighbor

Total number of full neighbors: 1
OSPF process 100 VRF (default):

Neighbor ID Pri State Dead Time Address
Instance ID
2.2.2.2 1 Full/Backup 00:00:29 20.20.20.1

Interface

xel
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cHarTER2  Understanding MPLS TTL Processing

This chapter contains configurations for MPLS-TTL-Processing. It also provides an overview of MPLS-TTL-Processing

concepts.

Overview

This feature performs ‘Time To Live’ (TTL) processing for Multi-Protocol Label Switching (MPLS) packets. The TTL
processing is decided by the model chosen by you. This feature provides TTL processing of MPLS packets on ingress,
egress, and intermediate routers. TTL processing is compliant with RFC 3443.

The details of TTL processing vary with the tunnel model that is configured for TTL processing. The incoming and
outgoing TTL of the packet is determined by the configured tunnel model. Two Models are supported, pipe model and

uniform model. Pipe model is default, where MPLS header TTL Value wont get propagated to IP header.

While pipe mode is the default, you can choose the uniform model with the mpls Isp-model uniform command.

For more about the uniform model and pipe models, see Chapter 17, MPLS DiffServ Configuration.

Topology

l i . wel ©10.10.10.1/24 2020202424 xeld N

xel .
2020.201/24

®eb xel

LDP: Exchange VC and VC label

(Customer A) ., . . ] L (Customer A)
Stte #501 R R Remote LDP session 2333 . Site #503
Figure 2-2: TTL Processing Topology
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Configuration

PE1

PEl#configure terminal

Enter configure mode

PEl (config) #interface lo

Enter interface mode.

PEl (config-if) #ip address 1.1.1.1/32
secondary

Configure IP address for the loopback address

PE1 (config-if) #exit

Exit interface mode

PE1l (config) #interface xe6

Specify the interface (xe6) to be configured

PEl (config-if) #ip address 10.10.10.1/24

Configure IP address for the interface

PE1l (config-if) #no shutdown

Administratively bringing up the interface

PE1 (config-if) #exit

Exit interface mode

PE1l (config) #router ospf 100

Configure the routing process and specify the Process ID
(100)

PEl (config-router) #ospf router-id 1.1.1.1

Configure ospf router id same as loopback ip address.

PE1l (config-router) #network 10.10.10.0/24
area O

PEl (config-router) #network 1.1.1.1/32 area O

Define the interface on which OSPF runs and associate the
area ID (0) with the interface

PE1 (config-router) ffexit

Exit configure mode

PEl (config) #router 1ldp

Enter router mode for LDP

PEl (config-router) #router-id 1.1.1.1

Set the router ID to IP address 1.1.1.1

PEl (config-router) #transport-address ipv4

1.1.1.1 0

Configure the transport address for IPV4 (for IPV6 use ipv6)
to be used for a TCP session over which LDP will run.

Note: It is preferable to use the loopback address as the
transport address.

PEl (config-router) #targeted-peer ipvi4
3.3.3.3

Configure targeted peer.

PEl (config-router) #exit

Exit router mode for LDP

PEl (config) #interface xeb6

Specify the interface (xe6)to be configured

PEl (config-if) #label-switching

Enabling label switching capability on router

PEl (config-if) #enable-1dp ipv4

Enabling Idp on interface

(
(
(
(

PE1 (config-if) #commit

Commit the transaction

P

P#configure terminal

Enter configure mode.

config) #interface lo

Enter interface mode.

config-if) #ip address 2.2.2.2/32 secondary

Configure IP address for the loopback address

config-if) #fexit

Exit interface mode

Specify the interface (xe6) to be configured

config-if)#ip address 10.10.10.2/24

Configure IP address for the interface

config-if) #no shutdown

Administratively bringing up the interface

P(
P(
P(
P(config) #interface xe6
P(
P(
P(

config) #interface xel

Specify the interface (xel) to be configured
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P(config-if) #ip address 20.20.20.1/24

Configure IP address for the interface

P(config) #router ospf 100

Configure the routing process and specify the Process ID
(100)

P(config-router) #ospf router-id 2.2.2.2

Configure OSPF router id same as loopback IP address.

P(config-router) #network 10.10.10.0/24 area
0

P(config-router) #network 20.20.20.0/24 area
0

config-router) #network 2.2.2.2/32 area 0

Define the interface on which OSPF runs and associate the
area ID (0) with the interface

config-router) #exit

Exit router mode

Enter router mode for LDP

config-router) #router-id 2.2.2.2

Set the router ID to IP address 2.2.2.2

P(
P(
P(config) #router 1ldp
P(
P(

config-router) #transport-address
2.2.2.2 0

ipv4

Configure the transport address for IPV4 (for IPV6 use ipv6)
to be used for a TCP session over which LDP will run.
Note:lt is preferable to use the loopback address as the
transport address.

config-router) #exit

Exit router mode for LDP

config) #interface xeb6

Specify the interface (xe6)to be configured

config-if)#label-switching

Enabling label switching capability on router

config-if) #enable-1dp ipv4

Enabling Idp on interface

config) #interface xel

Specify the interface (xe1)to be configured

config-if)#label-switching

Enabling label switching capability on router

config-if) #enable-1dp ipv4

Enabling Idp on interface

P (
P(
P(
P(
P(
P(
P(
P (

config-if) #commit

Commit the transaction

PE2

PE2#configure terminal

Enter configure mode.

PE2 (config) #interface lo

Enter interface mode.

PE2 (config-if) #ip address 3.3.3.3/32
secondary

Configure IP address for the loopback address

PE2 (config-if) #exit

Exit interface mode

PE2 (config) #interface xel

Specify the interface (xel) to be configured

PE2 (config-if) #ip address 20.20.20.2/24

Configure IP address for the interface

(
(
(
(

PE2 (config-if) #no shutdown

Administratively bringing up the interface

PE2 (config-if) #exit

Exit interface mode

PE2 (config) #router ospf 100

Configure the routing process and specify the Process ID
(100)

PE2 (config-router) #ospf router-id 3.3.3.3

Configure OSPF router ID same as loopback IP address.

PE2 (config-router) #network 20.20.20.0/24
area O

PE2 (config-router) #network 3.3.3.3/32 area
0

Define the interface on which OSPF runs and associate the
area ID (0) with the interface

PE2 (config) #router 1ldp

Enter router mode for LDP

PE2 (config-router) #router-id 3.3.3.3

Set the router ID to IP address 3.3.3.3
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PE2 (config-router) #transport-address
3.3.3.3 0

ipvé

Configure the transport address for IPV4 (for IPV6 use ipv6)
to be used for a TCP session over which LDP will run.

Note: It is preferable to use the loopback address as the
transport address.

PE2 (config-router) #targeted-peer ipv4
1.1.1.1

Configure targeted peer.

PE2 (config-router-targeted-peer) fexit

Exit-targeted-peer-mode

PE2 (config-router) #exit

Exit router mode for LDP

PE2 (config) #interface xel

Specify the interface (xe1)to be configured

Enabling label switching capability on router

PE2 (config-if) #enable-1dp ipv4

Enabling Idp on interface

(
(
PE2 (config-if) #label-switching
(
(

PE2 (config-if) #commit

Commit the transaction

Validation

PEl#show ip ospf neighbor
Total number of full neighbors: 1
OSPF process 100 VRF (default):

Neighbor ID Pri State Dead Time Address Interface

Instance ID

2.2.2.2 1 Full/DR 00:00:31 10.10.10.2 xe6 0
PEl#show ldp session

Peer IP Address IF Name My Role State KeepAlive UpTime

3.3.3.3 xeb Passive OPERATIONAL 30 00:03:03

2.2.2.2 xeb Passive OPERATIONAL 30 00:03:46

P#show ip ospf neighbor

Total number of full neighbors: 2

OSPF process 100 VRF (default):

Neighbor ID Pri State Dead Time Address Interface

Instance ID

1.1.1.1 1  Full/Backup 00:00:37 10.10.10.1 xeb

0

3.3.3.3 1 Full/DR 00:00:34 20.20.20.2 xel 0
P#show ldp session

Peer IP Address IF Name My Role State KeepAlive UpTime

3.3.3.3 xel Passive OPERATIONAL 30 00:06:21

1.1.1.1 xeb Active OPERATIONAL 30 00:06:39

PE2#show ip ospf neighbor

Total number of full neighbors: 1
OSPF process 100 VRF (default):
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Neighbor ID Pri State Dead Time Address Interface
Instance ID
2.2.2.2 1 Full/Backup 00:00:37 20.20.20.1 xel 0

PE2#show ldp session

Peer IP Address IF Name My Role State KeepAlive UpTime
1.1.1.1 xel Active OPERATIONAL 30 00:06:07
2.2.2.2 xel Active OPERATIONAL 30 00:06:33

PEl#ping 3.3.3.3
Press CTRL4C to exit

PING 3.3.3.3 (3.3.3.3) 56(84) bytes of data.

64 bytes from 3.3.3.3: icmp seqg=1 ttl=63 time=2.17 ms
64 bytes from 3.3.3.3: icmp seg=2 ttl=63 time=2.26 ms
64 bytes from 3.3.3.3: icmp seg=3 ttl=63 time=2.11 ms
64 bytes from 3.3.3.3: icmp seg=4 ttl=63 time=1.91 ms

--- 3.3.3.3 ping statistics ---
4 packets transmitted, 4 received, 0% packet loss, time 8ms
rtt min/avg/max/mdev = 1.912/2.112/2.261/0.127 ms

PEl#traceroute 2.2.2.2
traceroute to 2.2.2.2 (2.2.2.2), 30 hops max, 60 byte packets
1 2.2.2.2 (2.2.2.2) 1.172 ms 0.918 ms 0.983 ms

PEl#traceroute 3.3.3.3
traceroute to 3.3.3.3 (3.3.3.3), 30 hops max, 60 byte packets

l***

2 3.3.3.3 (3.3.3.3) 5.440 ms 5.215 ms 5.305 ms
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cHarTER3  MPLS Layer-3 VPN Configurations

This chapter contains configurations for MPLS Layer-3 Virtual Private Networks (VPNs).

Overview

The MPLS Layer-3 VPN solution provides address space and routing separation via the use of per-VPN Routing and
Forwarding tables (VRFs), and MPLS switching in the core and at the edge of the network. VPN customer routing data
is imported into the VRFs utilizing the Route Target BGP extended community. This routing data is identified by a
Route Distinguisher (RD) and is distributed among Provider Edge (PE) routers using Multi-Protocol BGP extensions.

Terminology

The following illustrates a Virtual Private Network in a CConnect Service Provider Network. This illustration

corresponds to the terms defined in this subsection.

Com&

ComA
AS 65001 ' -
AS 65004
California
xedd xedfd
168.12.0.2/24
AS 65003
2222132 4444732 3333732 Arizona
AS 100 CConnect %e23 ComB

Figure 3-3: CConnect Provider with ComA and ComB Customers

« Service Provider

192.12.4.1/24

e _

AS 65005

The organization that owns the infrastructure that provides leased lines to customers, offering them a Virtual
Private Network Service. In the above illustration, CConnect is the service provider providing services to clients

ComA and ComB.
»  Customer Edge (CE) Router

A router at a customer’s site that connects to the Service Provider via one or more Provider Edge routers. In the
above illustration, CE1, CE2, CE3 and CE4 are all CE routers connected directly to the CConnect network.
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Provider Edge (PE) Router

A provider’s router connected to a CE router through a leased line or dial-up connection. In the above illustration,
PE1 and PE2 are the PE routers, because they link the CConnect service provider to its clients.

Provider Core Router (P)

The devices in the core of the service provider network, which are generally not Provider Edge routers. In the
above illustration, the P router is the Provider device, not connected to any customer, and is the core of the
CConnect network.

Site

A contiguous part of the customer network. A site connects to the provider network through transmission lines,
using a CE and PE router. In the above illustration, R1, R2 and CE3 comprise a Customer network, and are seen
as a single site by the CConnect network.

Customer Router

In the illustration above, R1 and R2 are the Customer routers, and are not directly connected to the CConnect
network.

The VPN Routing Process
The OcNOS MPLS-VPN Routing process follows these steps:

1.

Service Providers provide VPN services from PE routers that communicate directly with CE routers via an Ethernet
Link.

Each PE router maintains a Routing and Forwarding table (VRF) for each customer. This guarantees isolation, and
allows the usage of uncoordinated private addresses. When a packet is received from the CE, the VRF that is
mapped to that site is used to determine the routing for the data. If a PE has multiple connections to the same site,
a single VRF is mapped to all of those connections.

After the PE router learns of the IP prefix, it converts it into a VPN-IPv4 prefix by prepending it with an 8-byte Route
Distinguisher (RD). The RD ensures that even if two customers have the same address, two separate routes to
that address can be maintained. These VPN-IPv4 addresses are exchanged between the PE routers through MP-
BGP.

A unique Router ID (usually the loopback address) is used to allocate a label, and enable VPN packet forwarding
across the backbone.

Based on routing information stored in the VRF table, packets are forwarded to their destination using MPLS. Each
PE router allocates a unique label to every route in each VRF (even if they have the same next hop), and
propagates these labels, together with 12-byte VPN-IPv4 addresses, through Multi-Protocol BGP.

Ingress PE routers prepend a two-level label stack to the VPN packet, which is forwarded across the Provider
network. This label stack contains a BGP-specific label from the VRF table (associated with the incoming
interface), specifying the BGP next hop and an LDP-specific label from the global FTN table, specifying the IP next
hop.

The Provider router in the network switches the VPN packet, based on the top label or the LDP-specific label in the
stack. This top label is used as the key to lookup in the incoming interface’s Incoming Labels Mapping table (ILM).
If there is an outbound label, the label is swapped, and the packet is forwarded to the next hop; if not, the router is
the penultimate router, and it pops the LDP-specific label, and forwards the packet with only the BGP-specific label
to the egress PE router.

The egress PE router pops the BGP-specific label, performs a single label lookup in the outbound interface, and
sends the packet to the appropriate CE router.
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Configure MPLS Layer-3 VPN

The MPLS Layer-3 VPN configuration process can be divided into the following tasks
1. Establish connection between PE routers.

Configure PE1 and PE2 as iBGP neighbors.

Create VRF.

Configure VRF Route Destination and Route Targets.

2

3

4. Associate interfaces to VRFs.

5

6. Configure CE neighbor for the VPN.
7

Verify the MPLS to VPN configuration.

Topology

In this example, the CConnect MPLS-VPN backbone has two customers — ComA and ComB. Both customers have
sites in California and Arizona. The following topology shows BGP4 address assignment between PE and CE routers.
The steps that follow provision a customer VPN service across the MPLS-VPN backbone.

ComA
AS 65001 3 ‘ g’
192.16.4.0/24
192.16.2.0/24
Califonia ——1— _ _ ___ _ AS 65004
7 MPiBGP >«
ComB 2 ¥ 40.40.12.0/24 _ 10.10.13.024 g /
A T T T
ﬁ 168.12.0.0/24
2 . . .
A5 65003 _
Arizona
192.12.4.0/24
ComB
AS 65005

Figure 3-4: Connect Sample Topology

To establish this connection involves three steps:
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Enable Label Switching

This is a sample configuration to enable label switching for the Labeled Switched Path (LSP) between PE1 and PE2

(refer to Figure 3-4).

Enable Label Switching: PE1

configure terminal

Enter configure mode

config) #interface 1lo

Enter interface mode

config-if) #ip address 2.2.2.2/32 secondary

Assign the IPv4 address

config-if) #exit

Exit interface mode

Enter Interface mode

config-if) #ip address 10.10.12.1/24

Assign IPv4 address

config-if)#label-switching

Enabling label switching capability on router

(
(
(
(config) #interface xel
(
(
(

config-if) #commit

Commit the transaction.

Enable Label Switching: P

configure terminal

Enter configure mode

config) #interface 1lo

Enter interface mode

config-if) #ip address 4.4.4.4/32 secondary

Assign the IPv4 address

config-if) #fexit

Exit interface mode

config) #interface xel

Enter Interface mode

config-if) #ip address 10.10.12.2/24

Assign IPv4 address

Enabling label switching capability on router

config-if) #commit

Commit the transaction.

config) #interface xe2

Enter Interface mode

config-if) #ip address 10.10.13.1/24

Assign IPv4 address

config-if) #label-switching

Enabling label switching capability on router

(
(
(
(
(
(config-if) #label-switching
(
(
(
(
(

config-if) #fcommit

Commit the transaction.

Enable Label Switching: PE2

configure terminal

Enter configure mode

config) #interface 1lo

Enter interface mode

config-if) #ip address 3.3.3.3/32 secondary

Assign the IPv4 address

config-if) #fexit

Exit interface mode

Enter Interface mode

config-if) #ip address 10.10.13.2/24

Assign IPv4 address

config-if) #label-switching

Enabling label switching capability on router

(
(
(
(config)#interface xe2
(
(
(

config-if) #fcommit

Commit the transaction.
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Enable IGP

What follows is a sample configuration to establish connections between the two Provider Edge routers PE1 and PE2.

Enable IGP Switching: PE1

configure terminal Enter configure mode
(config) #router ospf 100 Configure the routing process and specify the Process 1D
(100)

(config-router) #network 10.10.12.0/24 area 0 Define the interface on which OSPF runs and associate the
area ID (0) with the interface

(config-router) #network 2.2.2.2/32 area O Define the interface on which OSPF runs and associate the
area ID (0) with the interface
(config-router) #commit Commit the transaction.

Enable IGP Switching: P

configure terminal Enter configure mode
(config) #router ospf 100 Configure the routing process and specify the Process 1D
(100)

(config-router) #network 10.10.12.0/24 area 0 Define the interface on which OSPF runs and associate the
area ID (0) with the interface

(config-router) #network 10.10.13.0/24 area 0 Define the interface on which OSPF runs and associate the
area ID (0) with the interface

(config-router) #network 4.4.4.4/32 area O Define the interface on which OSPF runs and associate the
area ID (0) with the interface
(config-router) #commit Commit the transaction.

Enable IGP Switching: PE2

configure terminal Enter configure mode

(config) #router ospf 100 Configure the routing process and specify the Process ID
(100)

(config-router) #network 3.3.3.3/32 area O Define the interface on which OSPF runs and associate the
area ID (0) with the interface

(config-router) #commit Commit the transaction.

Enable Label Switching Protocol

Label switching protocols are used to set up a Label-Switched Path (LSP) between PE routers. OcNOS supports LDP
and RSVP-TE protocols for label switching. Enable either LDP or RSVP-TE.

This is a sample configuration to enable LDP on the whole path between PE1 and PE2 (see Figure 3-4).

LDP: PE1
configure terminal Enter configure mode
(config) #router 1ldp Enter router mode for LDP
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config-router) fexit

Exit router mode

config) #interface xel

Enter interface mode

config-if) #enable-1dp ipv4

Enabling LDP on interface

(
(
(
(

config-if) #commit

Commit the transaction.

LDP: P

configure terminal

Enter configure mode

config) #router 1ldp

Enter router mode for LDP

config-router) #fexit

Exit router mode

config) #interface xel

Enter interface mode

Enabling LDP on interface

config-if) #fexit

Exit interface mode

config) #interface xe2

Enter interface mode

config-if) #enable-1dp ipvé

Enabling LDP on interface

(
(
(
(config-if) #enable-1dp ipv4
(
(
(
(

config-if) #fcommit

Commit the transaction.

LDP: PE2

configure terminal

Enter configure mode

config) #frouter 1ldp

Enter router mode for LDP

config-router) #exit

Exit router mode

Enter interface mode

config-if) #enable-1dp ipv4

Enabling LDP on interface

(
(
(config) #interface xe2
(
(

config-if) #commit

Commit the transaction.

This is a sample configuration to enable RSVP-TE along the entire path between PE1 and PE2 (see Figure 3-4).

RSVP-TE: PE1

configure terminal

Enter configure mode

config) #router rsvp

Enter Configure Router mode

config-router) #rsvp-path pl mpls

Enter the path mode for RSVP P1.

config-path)#10.10.12.2 loose

Configure loose path

config-path) ffexit

Exit Configure Router mode

config) #rsvp-trunk tl

Configure RSVP trunk t1

Specify an RSVP path to be used

config-rsvp) #from 2.2.2.2

Assign the source loopback address to the RSVP trunk

Assign the source loopback address to the to the RSVP trunk

)
config-rsvp)#to 3.3.3.3
)

config-rsvp) #exit

Exit RSVP trunk mode

config) #interface xel

Enter the interface mode

config-if) #enable-rsvp

Enable RSVP in interface

(
(
(
(
(
(config-rsvp) #primary path pl
(
(
(
(
(
(

config-if) #fcommit

Commit the transaction.
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RSVP-TE: P

configure terminal

Enter configure mode

config) #router rsvp

Enter Configure Router mode

config-router) #fexit

Exit Configure Router mode

config) #interface xel

Enter the interface mode

config-if) #enable-rsvp

Enable RSVP in interface

Exit interface mode

config) #interface xe2

Enter the interface mode

config-if) #enable-rsvp

Enable RSVP in interface

(
(
(
(
(config-if) #exit
(
(
(

config-if) #fcommit

Commit the transaction.

RSVP-TE: PE2

configure terminal

Enter configure mode

config) #router rsvp

Enter Configure Router mode

config-router) #rsvp-trunk tl

Configure RSVP trunk t1

config-rsvp) #from 3.3.3.3

Assign the source loopback address to the RSVP trunk

Assign the source loopback address to the to the RSVP trunk

config-rsvp) #exit

Exit RSVP trunk mode

config) #interface xe2

Enter the interface mode

config-if) #enable-rsvp

Enable RSVP in interface

(
(
(
(config-rsvp)#to 2.2.2.2
(
(
(
(

config-if) #fcommit

Commit the transaction.

Configure PEs as BGP Neighbors

BGP is the preferred protocol to transport VPN routes because of its multiprotocol capability and its scalability. Its ability
to exchange information between indirectly connected routers supports keeping VPN routing information out of the
Provider (P) routers. The P routers carry information as an optional BGP attribute. Additional attributes are
transparently forwarded by any P router. The MPLS-VPN forwarding model does not require the P routers to make
routing decisions based on VPN addresses: They forward packets based on the label value attached to the packet.
The P routers do not require a VPN configuration in order to carry this information.

PE1

#configure terminal

Enter the configure terminal

config) #router bgp 100

Enter the Router BGP mode, ASN: 100

config-router) #bgp router-id 2.2.2.2

Router identifier for BGP

config-router) #exit

Exit router BGP mode

Enter the Router LDP mode

config-router) #fexit

Exit the Router LDP mode

config) #router bgp 100

Enter the Router BGP mode, ASN: 100

(
(
(
(config) #router 1ldp
(
(
(

config-router) #neighbor 3.3.3.3 remote-as
100

Configuring ABR1 as iBGP neighbor using it's loopback IP

© 2024 IP Infusion Inc. Proprietary 59



MPLS Layer-3 VPN Configurations

(config-router) #neighbor 3.3.3.3 update-
source 2.2.2.2

Source of routing updates

config-router) #address-family vpnv4 unicast

Configure VPNv4 address family

config-router-af) #neighbor 3.3.3.3 activate

Activate the VPN neighbor

config-router-af)exit-address-family

Exit address family mode

Configure IPv4 address family

config-router-af) #neighbor 3.3.3.3 activate

Activate the IPv4 neighbor

(
(
(
(config-router) #address-family ipv4 unicast
(
(

config-router—-af) #commit

Commit the transaction.

PE2

#configure terminal

Enter the configure terminal

config) #router bgp 100

Enter the Router BGP mode, ASN: 100

config-router) #bgp router-id 3.3.3.3

Router identifier for BGP

config-router) #fexit

Exit router BGP mode

config) #frouter 1ldp

Enter the Router LDP mode

config-router) #exit

Exit the Router LDP mode

(
(
(
(
(
(

config) #router bgp 100

Enter the Router BGP mode, ASN: 100

(config-router) #neighbor 2.2.2.2 remote-as
100

Configuring ABR1 as iBGP neighbor using it's loopback IP

(config-router) #neighbor 2.2.2.2 update-
source 3.3.3.3

Source of routing updates

config-router) #address-family vpnv4 unicast

Configure VPNv4 address family

config-router-af) #neighbor 2.2.2.2 activate

Activate the VPN neighbor

Exit address family mode

config-router) #address-family ipv4 unicast

Configure IPv4 address family

config-router-af) #neighbor 2.2.2.2 activate Activate the IPv4 neighbor

(
(
(config-router-af)exit-address-family
(
(
(

config-router-af) #commit

Commit the transaction.

Create VRF

Each PE router in the MPLS-VPN backbone is attached to a site that receives routes from a specific VPN, so the PE
router must have the relevant Virtual Routing and Forwarding (VRF) configuration for that VPN.

This command creates a VRF RIB (Routing Information Base), assigns a VRF-ID, and switches the command mode to
vrf mode. The following example creates a VRF named ComB.

PE1

#configure terminal

Enter the configure terminal

config) #ip vrf ComB

Configure VRF instance

config-vrf)#rd 2:1

Configure Router Distinguisher value

Exit VRF mode

config) #ip vrf ComA

Configure VRF instance

(
(
(config-vrf) #exit
(
(

config-vrf)#rd 1:2

Configure Router Distinguisher value
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(config-vrf) #exit

Exit VRF mode

(config) #commit

Commit the transaction.

PE2

#configure terminal

Enter the configure terminal

config) #ip vrf ComB

Configure VRF instance

config-vrf) #rd 1:2

Configure Router Distinguisher value

config-vrf) #fexit

Exit VRF mode

Configure VRF instance

config-vrf) #rd 2:1

Configure Router Distinguisher value

config-vrf) #fexit

Exit VRF mode

(
(
(
(config) #ip vrf ComA
(
(
(

config) #fcommit

Commit the transaction.

Associate Interfaces to VRFs

After the VRFs are defined on the PE router, the PE router needs to recognize which interfaces belong to which VRF.
The VRF is populated with routes from connected sites. More than one interface can belong to the same VRF.

In the following example, interface xe48 is associated with the VRF named ComB.

PE1

#configure terminal

Enter the configure terminal

config) #interface xe48

Enter interface mode

config-if) #ip vrf forwarding ComB

Bind the VRF instance to the interface

config-if)exit

Exit interface mode

config) #interface xed?9

Enter interface mode

config-if) #ip vrf forwarding ComA

Bind the VRF instance to the interface

config-if)#ip address 192.16.2.2/24

Assign IPv4 address

Exit interface mode

config) #interface xe4d8

Enter interface mode

config-if)#ip vrf forwarding ComA

Bind the VRF instance to the interface

config-if)#ip address 168.12.0.3/24

Assign IPv4 address

config-if)exit

Exit interface mode

(
(
(
(
(
(
(config-if)exit
(
(
(
(
(

config) #commit

Commit the transaction.

PE2

#configure terminal

Enter the configure terminal

config)#interface xe48

Enter interface mode

Bind the VRF instance to the interface

config-if) #ip address 192.16.4.2/24

Assign IPv4 address

(
(config-if) #ip vrf forwarding ComA
(
(

config-if)exit

Exit interface mode
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(config) #interface xed?9 Enter interface mode

(config-if) #ip vrf forwarding ComB Bind the VRF instance to the interface
(config-if) #ip address 168.12.4.2/24 Assign IPv4 address
(config-if)exit Exit interface mode

(config) #commit Commit the transaction.

Configure VRF—RD and Route Targets

After the VRF is created, configure Router Distinguishers and the Route Targets.

Configure Route Distinguishers

Route Distinguishers (RDs) make all customer routes unique. The routes must be unique, so that Multi-Protocol BGP
treats the same prefix from two different VPNs as non-comparable routes. To configure RDs, a sequence of 64 bits is
prepended to the IPv4 address in the Multi-Protocol BGP update. BGP considers two IPv4 addresses with different
RDs as non-comparable, even if they have the same address and mask.

Assign a particular value to the RD for each VRF on the PE router. To display the routing table for a VRF, use the show
ip route vrf command.

The following example shows adding an RD. Configure a VRF in both PEs with a unique RD value:

PE1

#configure terminal Enter the configure terminal
(config)#ip vrf ComA Configure VRF instance
(config-vrf)#rd 2:2 Configure Router Distinguisher value
(config-vrf) #route-target both 200:1 Configure route-target as both
(config-vrf) #exit Exit VRF mode

(config)#ip vrf ComB Configure VRF instance
(config-vrf)#rd 1:1 Configure Router Distinguisher value
(config-vrf) #route-target both 100:1 Configure route-target as both
(config-vrf) #exit Exit VRF mode

(config) #commit Commit the transaction.

PE2

#configure terminal Enter the configure terminal
(config) #ip vrf ComA Configure VRF instance
(config-vrf)#rd 2:1 Configure Router Distinguisher value
(config-vrf) #route-target both 200:1 Configure route-target as both
(config-vrf) #exit Exit VRF mode

(config)#ip vrf ComB Configure VRF instance
(config-vrf)#rd 1:2 Configure Router Distinguisher value
(config-vrf) #route-target both 100:1 Configure route-target as both
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(config-vrf) #exit

Exit VRF mode

(config) #commit

Commit the transaction.

Configure Route Targets

Any routes learned from customers are advertised across the network through Multi-Protocol BGP, and any routes
learned through Multi-Protocol BGP are added into the appropriate VRFs. The route target helps PE routers identify

which VRFs should receive the routes.

The route-target command creates lists of import and export route-target extended communities for the VRF. It
specifies a target VPN extended community. Execute the command once for each community. All routes with the
specific route-target extended community are imported into all VRFs with the same extended community as an import

route-target.

The following example demonstrates the route-target configuration.

PE1

#configure terminal

Enter the configure terminal

config) #ip vrf ComA

Configure VRF instance

config-vrf)#rd 2:2

Configure Router Distinguisher value

config-vrf) #route-target both 200:1

Configure route-target as both

config-vrf) #fexit

Exit VRF mode

Configure VRF instance

config-vrf)#rd 1:1

Configure Router Distinguisher value

config-vrf) #route-target both 100:1

Configure route-target as both

config-vrf) #fexit

Exit VRF mode

(
(
(
(
(config)#ip vrf ComB
(
(
(
(

config) #commit

Commit the transaction.

PE2

fconfigure terminal

Enter the configure terminal

config) #ip vrf ComA

Configure VRF instance

config-vrf)#rd 2:1

Configure Router Distinguisher value

config-vrf) #froute-target both 200:1

Configure route-target as both

config-vrf) fexit

Exit VRF mode

Configure VRF instance

config-vrf)#rd 1:2

Configure Router Distinguisher value

config-vrf) #route-target both 100:1

Configure route-target as both

config-vrf) #fexit

Exit VRF mode

(
(
(
(
(config)#ip vrf ComB
(
(
(
(

config) #fcommit

Commit the transaction.

Configure CE Neighbor for the VPN (Using BGP/ OSPF)

To provide a VPN service, the PE-router must be configured so that any routing information learned from a VPN
customer interface can be associated with a particular VRF. This is achieved using any standard routing protocol
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process (OSPF, BGP or static routes etc). Use any one of the following configurations (BGP, or OSPF) to configure the
CE neighbor.

Using BGP

The BGP sessions between PE and CE routers can carry different types of routes (VPN-IPv4, IPv4 routes). Address
families are used to control the type of BGP session. Configure a BGP address family for each VRF on the PE-router,
and a separate address family to carry VPN-IPv4 routes between PE routers. All non-VPN BGP neighbors are defined
using the TPv4 address mode. Each VPN BGP neighbor is defined under its associated address family mode.

A separate address family entry is used for every VRF, and each address family entry can have multiple CE routers
within the VRF.

The PE and CE routers must be directly connected for BGP4 sessions; BGP multihop is not supported between PE
and CE routers.

The following example places the router in address family mode, and specifies company names, ComA and ComB, as
the names of the VRF instance to associate with subsequent IPv4 address family configuration mode commands. This
configuration is used when BGP is used for PE and CE.

PE1

configure terminal Enter configure mode

(config) #router bgp 100 Enter BGP router mode
(config-router) #address—-family ipv4 unicast Enter address family mode
(config-router-af) #redistribute connected Redistribute connected addresses
(config-router-af) #exit-address-family Exit address family mode

(

config-router) #address-family ipv4 vrf ComA Enterthe IPv4 address family for VRF comA

(config-router) #neighbor 192.16.2.3 remote- Specify the neighbor

as 65001

(config-router-af) #neighbor 192.16.2.3 Activate the neighbor
activate

(config-router-af) #exit-address-family Exit address family mode

(config-router) #address-family ipv4 vrf ComB Enterthe IPv4 address family for VRF comA

(config-router) #neighbor 168.12.0.2 remote- Specify the neighbor

as 65003

(copfig—router—af)#neighbor 192.12.0.2 Activate the neighbor
activate

(config-router-af) #exit-address-family Exit address family mode
(config-router) #commit Commit the transaction
PE2

configure terminal Enter configure mode
(config) #router bgp 100 Enter BGP router mode
(config-router) #address-family ipv4 unicast Enter address family mode
(config-router-af) #redistribute connected Redistribute connected addresses
(config-router-af) #exit-address-family Exit address family mode
(

config-router) #address-family ipv4 vrf ComA Enterthe IPv4 address family for VRF comA
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(config-router) #neighbor 192.16.4.3 remote-
as 65004

Specify the neighbor

(config-router-af) #neighbor 192.16.4.3
activate

Activate the neighbor

(config-router-af) #exit-address-family

Exit address family mode

(config-router) #address-family ipv4 vrf ComB

Enter the IPv4 address family for VRF comA

(config-router) #neighbor 168.12.4.1 remote-
as 65005

Specify the neighbor

(config-router-af) #neighbor 192.12.4.1
activate

Activate the neighbor

(config-router-af) #exit-address-family

Exit address family mode

(config-router) #commit

Commit the transaction

CE1: BGP

configure terminal

Enter configure mode

config)#interface xe48

Enter interface mode for xe48

config-if) #ip address 168.12.0.2/24

Assign IP address

Exit interface mode

config) #router bgp 65003

Enter BGP router mode

(
(
(config-if) #exit
(
(

config-router) #neighbor 168.12.0.3 remote-
as 100

Specify the neighbor

(config-router) #address-family ipv4 unicast

Enter address family mode

(config-router-af) #neighbor 168.12.0.3
activate

Activate the neighbor

(config-router-af) #redistribute connected

Redistribute connected addresses

(config-router-af) #commit

Commit the transaction

CE2: BGP

configure terminal

Enter configure mode

config) #interface xe23

Enter interface mode for xe48

config-if) #ip address 192.12.4.1/24

Assign IP address

Exit interface mode

config) #router bgp 65005

Enter BGP router mode

(
(
(config-if) ffexit
(
(

config-router) #neighbor 192.12.4.2 remote-
as 100

Specify the neightbor

(config-router) #address-family ipv4 unicast

Enter address family mode

(config-router-af) #neighbor 192.12.4.2
activate

Activate the neighbor

(config-router-af) #redistribute connected

Redistribute connected addresses

(config-router-af) #commit

Commit the transaction
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Using OSPF

Unlike BGP, OSPF does not run different routing contexts within one process. Thus, for running OSPF between the PE
and CE routers, configure a separate OSPF process for each VRF that receives VPN routes through OSPF. The PE
router distinguishes routers belonging to a specific VRF, by associating a particular customer interface to a specific
VRF and to a particular OSPF process.

To redistribute VRF OSPF routes into BGP, redistribute OSPF under the BGP VRF address family submode.

config-router) #address-family ipv4 vrf ComB Configure VRF address family

PE1

configure terminal Enter configure mode

(config) #router ospf 101 comA Enter OSPF router mode

(config-router) #network 192.16.3.0/24 area 0 Define the network on which OSPF runs and associate area
ID

(config-router) #redistribute bgp Redistribute BGP

(config-router) #exit Exit router mode

(config) #router ospf 102 comB Enter OSPF router mode

(config-router) #network 168.12.0.2/24 area 0 Define the network on which OSPF runs and associate area
ID

(config-router) #redistribute bgp Redistribute BGP

(config-router) #commit Commit the transaction

(config-router) #exit Exit router mode

(config) #router bgp 100 Enter the Router BGP mode, ASN: 100

(config-router) #address-family ipv4 vrf ComA Configure VRF address family

(config-router-af) #redistribute ospf Redistribute OSPF

(config-router-af) #exit-address-family Exit address family mode

(

(

(

(

config-router-af) #redistribute ospf Redistribute OSPF
config-router-af) #redistribute rip Redistribute RIP
config-router-af) #commit Commit the transaction
PE2
configure terminal Enter configure mode
(config) #router ospf 101 comA Enter OSPF router mode
(config-router) #network 192.16.4.0/24 area 0 Define the network on which OSPF runs and associate area
ID
(config-router) #redistribute bgp Redistribute BGP
(config-router) #exit Exit router mode
(config) #router ospf 102 comB Enter OSPF router mode
(config-router) #network 168.12.0.3/24 area 0 Define the network on which OSPF runs and associate area
ID
(config-router) #redistribute bgp Redistribute BGP
(config-router) #commit Commit the transaction
(config-router) #exit Exit router mode
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config) #router bgp 100 Enter the Router BGP mode, ASN: 100
config-router) #address-family ipv4 vrf ComA Configure VRF address family
config-router-af) #redistribute ospf Redistribute OSPF
config-router-af) #exit-address-family Exit address family mode

config-router) #address-family ipv4 vrf ComB Configure VRF address family

(
(
(
(
(
(
(
(

config-router-af) #redistribute ospf Redistribute OSPF
config-router-af) #redistribute rip Redistribute RIP
config-router-af) #fcommit Commit the transaction

Verify the MPLS-VPN Configuration

Use the show ip bgp neighbor command to validate the neighbor session between the CE and the PE routers. Use the
show ip bgp vpnv4 all command to display all the VRFs and the routes associated with them. The following is
sample output for the above commands for the PE1, CE1 and PE2 routers (based on the topology in Figure 3-4).

PEl#show ip bgp neighbors
BGP neighbor is 3.3.3.3, remote AS 100, local AS 100, internal link
BGP version 4, local router ID 2.2.2.2, remote router ID 3.3.3.3
BGP state = Established, up for 00:05:09
Last read 00:00:13, hold time is 90, keepalive interval is 30 seconds
Neighbor capabilities:
Route refresh: advertised and received (old and new)
Address family IPv4 Unicast: advertised and received
Address family VPNv4 Unicast: advertised and received
Received 194 messages, 2 notifications, 0 in queue
Sent 198 messages, 3 notifications, 0 in queue
Route refresh request: received 2, sent 1
Minimum time between advertisement runs is 5 seconds
Update source is 2.2.2.2
For address family: IPv4 Unicast
BGP table version 8, neighbor version 8
Index 1, Offset 0, Mask 0x2
Community attribute sent to this neighbor (both)
3 accepted prefixes
3 announced prefixes

For address family: VPNv4 Unicast

BGP table version 1, neighbor version 1

Index 1, Offset 0, Mask 0x2

Community attribute sent to this neighbor (both)
0 accepted prefixes

2 announced prefixes

Connections established 5; dropped 4
Local host: 2.2.2.2, Local port: 35983
Foreign host: 3.3.3.3, Foreign port: 179
Nexthop: 2.2.2.2
Nexthop global:
Nexthop local:
BGP connection: non shared network
Last Reset: 00:05:14, due to BGP Notification received
Notification Error Message: (Cease/Other Configuration Change.)
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?GPkneighbor is 168.12.0.2, vrf ComB, remote AS 65003, local AS 100, external
in
BGP version 4, local router ID 168.12.0.3, remote router ID 10.12.65.206
BGP state = Established, up for 00:34:38
Last read 00:00:14, hold time is 90, keepalive interval is 30 seconds
Neighbor capabilities:
Route refresh: advertised and received (old and new)
Address family IPv4 Unicast: advertised and received
Received 85 messages, 0 notifications, 0 in queue
Sent 86 messages, 0 notifications, 0 in queue
Route refresh request: received 0, sent 0
Minimum time between advertisement runs is 30 seconds
For address family: IPv4 Unicast
BGP table version 1, neighbor version 1
Index 1, Offset 0, Mask 0x2
Community attribute sent to this neighbor (standard)
2 accepted prefixes
0 announced prefixes

Connections established 1; dropped O

Local host: 168.12.0.3, Local port: 179
Foreign host: 168.12.0.2, Foreign port: 36580
Nexthop: 168.12.0.3
Nexthop global:
Nexthop local:

BGP connection: non shared network

CEl#show ip bgp neighbors
BGP neighbor is 168.12.0.3, remote AS 100, local AS 65003, external link
BGP version 4, local router ID 10.12.65.206, remote router ID 168.12.0.3
BGP state = Established, up for 00:36:14
Last read 00:00:10, hold time is 90, keepalive interval is 30 seconds
Neighbor capabilities:
Route refresh: advertised and received (old and new)
Address family IPv4 Unicast: advertised and received
Received 86 messages, 0 notifications, 0 in queue
Sent 89 messages, 0 notifications, 0 in queue
Route refresh request: received 0, sent 0
Minimum time between advertisement runs is 30 seconds
For address family: IPv4 Unicast
BGP table version 1, neighbor version 1
Index 1, Offset 0, Mask 0x2
Community attribute sent to this neighbor (both)
0 accepted prefixes
2 announced prefixes

Connections established 1; dropped O

Local host: 168.12.0.2, Local port: 36580
Foreign host: 168.12.0.3, Foreign port: 179
Nexthop: 168.12.0.2
Nexthop global:

Nexthop local:

BGP connection: non shared network

PEl#show ip bgp vpnv4d all
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Status codes: s suppressed, d damped, h history, * wvalid,
internal, 1 - labeled
S Stale
Origin codes: i - IGP, e - EGP, ? - incomplete
Network Next Hop Metric LocPrf
Route Distinguisher: 1:2 (Default for VRF ComB)
*> 1 168.12.0.0/24 0.0.0.0 0 100
* 168.12.0.0/24 168.12.0.3 0 100
*>i  192.12.4.0 3.3.3.3 0 100
Announced routes count = 2
Accepted routes count =1
Route Distinguisher: 1:2
*>1 192.12.4.0 3.3.3.3 0 100
Announced routes count = 0
Accepted routes count =1
PEl#show ip bgp vpnv4d all
Status codes: s suppressed, d damped, h history, * wvalid,
internal, 1 - labeled
S Stale
Origin codes: i - IGP, e - EGP, ? - incomplete
Network Next Hop Metric LocPrf
Route Distinguisher: 1:2 (Default for VRF ComB)
*> 1 168.12.0.0/24 0.0.0.0 0 100
* 168.12.0.0/24 168.12.0.3 0 100
*>i 192.12.4.0 3.3.3.3 0 100
Announced routes count = 2
Accepted routes count =1
Route Distinguisher: 1:2
*>1 192.12.4.0 3.3.3.3 0 100
Announced routes count = 0
Accepted routes count =1
PE2#show ip bgp vpnv4d all
Status codes: s suppressed, d damped, h history, * wvalid,
internal, 1 - labeled
S Stale
Origin codes: i - IGP, e - EGP, ? - incomplete
Network Next Hop Metric LocPrf
Route Distinguisher: 1:2 (Default for VRF ComB)
*>3i 168.12.0.0/24 2.2.2.2 0 100
*> 1 192.12.4.0 0.0.0.0 0 100
Announced routes count = 1
Accepted routes count =1
Route Distinguisher: 1:2
*>i 168.12.0.0/24 2.2.2.2 0 100
Announced routes count = 0
Accepted routes count =1

Verify MPLS-L3 VPN VRF Ping and Traceroute

Use the ping mpls 13vpn command for the below requirements:
+ PE to PE L3VPN ping via VRF

> best, i -

Weight Path
32768 2

0 65003 7
0 ?

> best, i -

Weight Path
32768 2

0 65003 *
0 ?

> best, i -

Weight Path

0 ?
32768 2
0 ?
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PE to remote CE Ping via the VRF

CE to remote PE ping (to the VRF interface facing its customer edge).
Trace route from PE to PE via VRF

Trace route from PE to remote CE via VRF

Commands for ipv6 ping and trace route

PE to PE L3VPN Ping via VRF:

PE2#ping 168.12.0.1 vrf ComB
Press CTRL+C to exit

PING 168.12.0.1

(168.12.0.1) 56(84) bytes of data.

64 bytes from 168.12.0.1: icmp seqg=1 ttl=64 time=0.695 ms

#

PE to remote CE Ping via VRF:

PE2#ping 168.12.0.2 vrf ComB
Press CTRL+C to exit

PING 168.12.0.2

(168.12.0.2) 56(84) bytes of data.

64 bytes from 168.12.0.2: icmp seqg=1l ttl=63 time=0.776 ms

-—-- 168.12.0.2 ping statistics ---
1 packets transmitted, 1 received, 0% packet loss, time Oms

rtt min/avg/max/mdev

PE2#
PE2

3. CE to remote PE ping:

CEl#ping 168.12.0.1
Press CTRL+C to exit
1 (168

PING 168.

64
64
64
64
64

bytes
bytes
bytes
bytes
bytes

12.0.

from
from
from
from
from

168.
168.
168.
168.
168.

12.

12

12.
12.
12.

= 0.776/0.776/0.776/0.000 ms

2.0.1) 56(84) bytes of data.

: icmp_seqg=160 ttl=254 time=0.
icmp seqg=161 ttl=254 time=0.
icmp seqg=162 ttl=254 time=0.
icmp seqg=163 ttl=254 time=0.

.1
0
.0.
0
0

0 icmp seqg=164 ttl=254 time=0.

e

---168.12.0.2 ping statistics ---
5 packets transmitted, 5 received, 0 errors, 0% packet

4. Trace Route from PE to PE via VRF

PE2#traceroute ip 168.12.0.1 vrf ComB
traceroute to 168.12.0.1 (168.12.0.1), 30 hops max, 60

1168.12.0.1

(168.12.0.1) 0.706 ms 0.743 ms 0.989 ms

5. Trace Route from PE to Remote CE via VRF

PE2#traceroute ip 168.12.0.2 vrf ComB
traceroute to 168.12.0.2 (168.12.0.2), 30 hops max, 60
(168.12.0.1) 0.871 ms 1.006 ms 1.055

1

168.12.0.1
2168.12.0.2

(168.12.0.2) 1.965 ms 2.045 ms 2.256 ms

606
558
568
574
609

ms
ms
ms
ms
ms

loss,

time 163002ms

byte packets

byte packets

ms
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This chapter explains about IPv6 islands over IPv4 MPLS using IPv6 Provider Edge Routers (6PE). With this
technique, IPv6 islands are connected to each other across an IPv4 backbone enabled with MPLS label stacking while
MP-BGP is used to announce the IPv6 routes across these MPLS tunnels. This feature can be implemented with label-
switched paths (LSPs) using the Label Distribution Protocol (LDP) or Resource Reservation Protocol (RSVP).

This feature offers the following options to the service providers:

»  Connect to other IPv6 networks accessible across the MPLS core.

* Provide access to IPv6 services and resources that service provider provides.

* Provide IPv6 VPN services without going for complete overhaul of existing MPLS/IPv4 core.

The 6PE uses the existing IPv4 MPLS core infrastructure for IPv6 transport. It enables IPv6 sites to communicate with
each other over an IPv4 MPLS core network using MPLS label switched paths (LSPs). This feature relies heavily on
multiprotocol Border Gateway Protocol (BGP) extensions in the IPv4 network configuration on the provider edge (PE)
router to exchange IPv6 reachability information (in addition to an MPLS label) for each IPv6 address prefix. Edge
routers are configured as dual-stack, running both IPv4 and IPv6, and use the IPv4 mapped IPv6 address for IPv6
prefix reachability exchange.

Benefits of 6PE

6PE offers the following benefits to service providers:
+  Minimal operational cost and risk - No impact on existing IPv4 and MPLS services.

»  Only provider edge routers require upgrade - A 6PE router can be an existing PE router or a new one dedicated to
IPv6 traffic.

* Noimpact on IPv6 customer edge (CE) routers - The ISP can connect to any CE router running Static, IGP or EGP.
*  Production services ready - An ISP can delegate IPv6 prefixes.
« |Pv6 introduction into an existing MPLS service - 6PE routers can be added at any time.

IPv6 on Provider Edge Routers

The 6PE is a technique that provides global IPv6 reachability over IPv4 MPLS. It allows one shared routing table for all
other devices. 6PE allows IPv6 domains to communicate with one another over the IPv4 without an explicit tunnel
setup, requiring only one IPv4 address per IPv6 domain. While implementing 6PE, the provider edge routers are
upgraded to support 6PE, while the rest of the core network is not touched (IPv6 unaware).

This implementation requires no re-configuration of core routers because forwarding is based on labels rather than on
the IP header itself. This provides a cost-effective strategy for deploying IPv6.The IPv6 reachability information is
exchanged by PE routers using multi-protocol Border Gateway Protocol (mp-iBGP) extensions. 6PE relies on mp-iBGP
extensions in the IPv4 network configuration on the PE router to exchange IPv6 reachability information in addition to
an MPLS label for each IPv6 address prefix to be advertised. PE routers are configured as dual stacks, running both
IPv4 and IPv6, and use the IPv4 mapped IPv6 address for IPv6 prefix reachability exchange. The next hop advertised
by the PE router for 6PE prefixes is still the IPv4 address that is used for IPv4 L3 VPN routes.

The following figure illustrates the 6PE topology.
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Topology

As shown in Figure 4-5:

+ CE1 and CE2 are customer edge routers
* 6PE1 and 6PE2 are IPv6 Provider Edge routers

» Pis the router at the core of the IPv4 MPLS provider network

44 A4 AL A4/32 [ 1111432

[\

el e
{ - 20071::1/64

2222132

2 20.1.1.2/24

xel -

3333432 . 66 66 66 6R/32
] xe1/,a—-(ii-—nuH xé1/,a—-{fi-—nh
30.1.1.2/24 3001:2/64

xel xe? xe2 xe2
2001:2/64 201.1.1/32 30.1.1.1/24 3001:1/64
Figure 4-5: 6PE Configuratio
Configuration

CE1

fconfigure terminal

Enter configure mode

config) #interface 1lo

Enter interface mode

config-if)#ip address 44.44.44.44/32 secondary

Assign the IPv4 address

config-if) #fexit

Exit interface mode

config) #interface xel

Enter interface mode.

config-if) #ipve address 2001::2/64

Assign the IPv6 address.

config-if) #fexit

Exit interface mode.

Enter router BGP mode.

config-router) #bgp router-id 44.44.44.44

Assign router ID

config-router) #neighbor 2001::1 remote-as 100

Configure 6PE1 as an eBGP4+ neighbor.

config-router) #address-family ipv6 unicast

Enter Address-Family IPv6 unicast mode

config-router-af) #redistribute static

Redistribute static routes

config-router-af) #neighbor 2001::1 activate

Activate the neighbor in the IPv6 address family

(
(
(
(
(
(
(config) #router bgp 200
(
(
(
(
(
(

config-router-af) #exit

Exit address family

72
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(config-router) #ipv6 route 2ffe::/64 xel

Configure IPV6 static route

(config-router) #commit

Commit the transaction

CE2

#configure terminal

Enter configure mode

config) #finterface 1lo

Enter interface mode

config-if)#ip address 66.66.66.66/32 secondary

Assign the IPv4 address

config-if) #fexit

Exit interface mode

config) #interface xel

Enter Interface mode

config-if)#ipvé address 3002::2/64

Assign IPv6 address

config-if) #fexit

Exit interface mode

config) #router bgp 300

Enter BGP configure mode

Assign router ID

config-router) #neighbor 3002::1 remote-as 100

Configure 6PE2 as an eBGP4+ neighbor.

config-router) #address-family ipv6 unicast

Enter Address-Family IPv6 unicast mode

config-router-af) #redistribute static

Redistribute static routes

config-router-af) #neighbor 3002::1 activate

Activate the neighbor in the IPv6 address family.

config-router-af) #exit

Exit address family

config-router) #ipv6 route 3ffe::/64 xel

Configure IPV6 static route

config-router) #commit

(
(
(
(
(
(
(
(config-router) #bgp router-id 66.66.66.66
(
(
(
(
(
(
(

Commit the transaction

PE1

#configure terminal

Enter configure mode

config) #interface xel

Enter Interface mode

config-if)#ipv6 address 2001::1/64

Assign IPv6 address

config-if) #exit

Exit interface mode

config) #interface 1lo

Enter Interface mode

config-if) #ip address 1.1.1.1/32 secondary

Assign the IP address to loopback interface

config-if) #exit

Exit interface mode.

Enter router Idp mode.

config-router) #router-id 1.1.1.1

Configure router-id

config-router) #explicit-null

Configure explicit-null.

Configure router-id

config-router) #transport-address ipv4 1.1.1.1

Configure transport address as loopback address

(
(
(
(
(
(
(config) #router 1ldp
(
(
(
(
(

)
)
config-router) #router-id 1.1.1.1
)
)

config-router) #targeted-peer ipv4 3.3.3.3

Configure targeted peer

config-router-targeted-peer) #exit

Exit router targeted mode

config-router) #fexit

Exit LDP mode

config) #interface xe2

Enter Interface mode

config-if)#ip address 20.1.1.1/24

Assign IPv4 address

(
(
(
(

config-if) #label-switching

Enable label switching in interface.
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config-if) #enable-1dp ipvié

Enable Idp in interface.

config-if) #fexit

Exit interface mode

config) #router ospf

Enter router ospf mode.

config-router) #ospf router-id 1.1.1.1

Configure ospf router id same as loopback ip address.

config-router) #network 1.1.1.1/32 area 0
config-router) #network 20.1.1.0/24 area O

Define the network on which OSPF runs and associate
area id.

config-router) #fexit

Exit from router ospf mode.

Change label mode to per-prefix, default is per VRF

config) #router bgp 100

Enter BGP Configure mode.

config-router) #bgp router-id 1.1.1.1

Configure BGP router-id

config-router) #neighbor 3.3.3.3 remote-as 100

Configure 6PE2 as an iBGP peer.

(

(

(

(

(

(

(

(config) #mpls label mode 6pe per-prefix
(

(

(

{ onfig-router) #neighbor 3.3.3.3 update-source

C
@)

Update the source as loopback for iBGP peering with the
remote 6PE router.

config-router) #neighbor 2001::2 remote-as 200

Configure CE1 as eBGP peer

config-router) #address—-family ipv4 unicast

Enter address family mode

config-router-af) #neighbor 3.3.3.3 activate

Activate neighbor

Exit address family mode

config-router) #address-family ipvé labeled-

(
(
(
(config-router-af) #exit
( .
unicast

Enter IPv6 labeled-unicast Address Family mode.

config-router-af) #neighbor 3.3.3.3 activate

Activate the 6PE neighbor

config-router-af) #fexit-address-family

Exit IPv6 LU Address Family mode.

config-router) #address-family ipvé6 unicast

Enter the IPv6 address family

Activate CE inside IPv6 address family

config-router-af) #redistribute connected

Redistribute the connected routes

config-router-af) #exit

Exit IPv6 Address Family mode.

(
(
(
(config-router-af) #neighbor 2001::2 activate
(
(
(

config-router) #commit

Commit the transaction.

P1

fconfigure terminal

Enter configure mode.

config) #interface 1lo

Enter interface mode

config-if) #ip address 2.2.2.2/32 secondary

Assign the IP address to loopback interface

config-if) #fexit

Exit interface mode

config) #router 1ldp

Enter router Idp mode.

config-router) #router-id 2.2.2.2

Configure router-id

config-router) #transport-address ipv4d 2.2.2.2

Configure transport address as loopback address

config-router) fexit

Exit router [dp mode.

config) #router ospf

Enter router ospf mode.

config-router) #ospf router-id 2.2.2.2

Configure ospf router id same as loopback ip address.

#network 2.2.2.2/32 area O
#network 20.1.1.2/24 area 0
#network 30.1.1.1/24 area 0

config-router
config-router

(
(
(
(
(
(
(
(
(
(
(
(

_ — — |~

config-router

Define the network on which OSPF runs and associate
area id.
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config-router) fexit

Exit from router ospf mode.

config) #interface xe2

Enter Interface mode

config-if)#ip address 30.1.1.1/24

Assign |IPv4 address

#label-switching

Enable label switching in interface.

config-if) #enable-1dp ipvé

Enable Idp in interface.

)
config-if)
)
)

Exit interface mode

config) #interface xel

Enter Interface mode

config-if) #ip address 20.1.1.2/24

Assign IPv4 address

config-if)#label-switching

Enable label switching in interface.

config-if) #enable-1dp ipvié

Enable Idp in interface.

(
(
(
(
(
(config-if) ffexit
(
(
(
(
(

)
)
)
)

config-if) #commit

Commit the transaction.

PE2

#configure terminal

Enter configure mode

config) #interface xe2

Enter Interface mode

config-if)#ipvé address 3002::1/64

Assign IPv6 address

config-if) #fexit

Exit interface mode

config) #finterface 1lo

Enter Interface mode

config-if)#ip address 3.3.3.3/32 secondary

Assign the IP address to loopback interface

config-if) #fexit

Exit interface mode.

config) #router 1ldp

Enter router [dp mode.

config-router) #router-id 3.3.3.3

Configure router-id

config-router) #transport-address ipv4 3.3.3.3

Configure transport address as loopback address

config-router) #targeted-peer ipv4 1.1.1.1

Configure targeted peer

config-router-targeted-peer) #exit

Exit-targeted-peer-mode

config-router) #explicit-null

Configure explicit-null.

Exit LDP mode

config) #interface xel

Enter Interface mode

config-if)#ip address 30.1.1.2/24

Assign IPv4 address

config-if) #label-switching

Enable label switching in interface.

#enable-1dp ipv4

Enable Idp in interface.

)
)
config-if)
)

config-if) #exit

Exit interface mode

config) #mpls label mode 6pe per-prefix

Change label mode to per-prefix, default is per VRF

config) #router bgp 100

Enter router BGP mode.

config-router) #bgp router-id 3.3.3.3

Configure BGP router id

config-router) #neighbor 1.1.1.1 remote-as 100

Configure 6VPE2 as an iBGP peer.

(
(
(
(
(
(
(
(
(
(
(
(
(config-router) #exit
(
(
(
(
(
(
(
(
(
{ config-router) #neighbor 1.1.1.1 update-source

Update the source as loopback for iBGP peering with the
remote 6VPE router.

(config-router) #address-family ipv4 unicast

Enter address family mode

(config-router-af) #neighbor 1.1.1.1 activate

Activate neighbor

(config-router-af) #exit

Exit address family mode
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(config-router) #neighbor 3002::2 remote-as 300 Configure CE1 as eBGP peer

(config-router) #address-family ipv6 labeled-
unicast

Enter IPv6 labeled-unicast Address Family mode.

config-router-af) #neighbor 1.1.1.1 activate

Activate the 6PE neighbor

config-router-af) #fexit-address-family

Exit IPv6 LU Address Family mode.

config-router) #address-family ipv6 unicast

Enter the IPv6 address family

config-router-af) #neighbor 3002::2 activate

Activate CE inside IPv6 address family

Redistribute the connected routes

config-router-af) #exit-address-family

Exit IPv6 Address Family mode.

config-router) fexit

Exit Router mode.

config) #router ospf

Enter OSPF router mode

(
(
(
(
(config-router-af) #redistribute connected
(
(
(
(

config-router) #network 3.3.3.3/32 area 0

Enable OSPF with specified area ID on interfaces with IP
address that matches the specified network address

(config-router) #network 30.1.1.0/24 area O

Enable OSPF with specified area ID on interfaces with IP
address that matches the specified network address

(config-router) fcommit

Commit the transaction

Validation

CE1

CEl#show ipv6 route
IPv6 Routing Table

Codes: K - kernel route, C - connected, S - static, D- DHCP, R - RIP,
O - OSPF, IA - OSPF inter area, E1l - OSPF external type 1,

E2 - OSPF external type 2, E - EVPN N1

- OSPF NSSA external type 1,

N2 - OSPF NSSA external type 2, i - IS-IS, B - BGP,

v - vrf leaked
Timers: Uptime

IP Route Table for VRF "default"

::1/128 via ::, lo, 01:10:32
2001::/64 via ::, xel, 00:46:49

fe80::/64 via ::, xe3, 01:10:32

#+= Q W W n Qan

CEl#show ipv6 bgp summary

2ffe::/64 [1/0] via ::, xel, 00:35:20
3002::/64 [20/0] via fe80::5054:ff:fe29:189d, xel, 00:02:12
3ffe::/64 [20/0] via fe80::5054:ff:fe29:189d, xel, 00:02:36

BGP router identifier 44.44.44.44, local AS number 200

BGP table version is 8
3 BGP AS-PATH entries
0 BGP community entries

Neighbor \Y% AS
PfxRcd

MsgRcv

MsgSen TblVer InQ

outQ Up/Down State/
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2001::1 4 100 80 83 8 0 0 00:01:45

Total number of neighbors 1

Total number of Established sessions 1

PE1

PEl#show ipv6 route
IPv6 Routing Table
Codes: K - kernel route, C - connected, S - static, D- DHCP, R - RIP,
O - OSPF, IA - OSPF inter area, El1 - OSPF external type 1,
E2 - OSPF external type 2, E - EVPN N1 - OSPF NSSA external type 1,
N2 - OSPF NSSA external type 2, i - IS-IS, B - BGP,
v - vrf leaked
Timers: Uptime

IP Route Table for VRFE "default"

::1/128 via ::, lo, 01:17:11

2001::/64 via ::, xel, 00:40:22

2ffe::/64 [20/0] via fe80::5054:ff:fe60:fd4e5, xel, 00:02:37
3002::/64 [200/0] via ::ffff:3.3.3.3, 00:03:10

3ffe::/64 [200/0] via ::ffff:3.3.3.3, 00:01:07

fe80::/64 via ::, xe2, 01:17:11

QW wwaOaan

PEl#show 1ldp session
Peer IP Address IF Name My Role State KeepAlive UpTime
2.2.2.2 xe2 Passive OPERATIONAL 30 00:06:59

PEl#show bgp ipv6
BGP table version is 5, local router ID is 1.1.1.1

Status codes: s suppressed, d damped, h history, a add-path, * valid, > best
internal,

1l - labeled, S Stale

Origin codes: i - IGP, e - EGP, ? - incomplete
Network Next Hop Metric LocPrf Weight
*> 1 2001::/64 H 0 100 32768
*> 1 2ffe::/64 2001::2(£fe80::5054:ff:fe60:£f4eb)
0 100 0 2
*>i 3002::/64 ::ff£f£:3.3.3.3 0 100 0
*>i 3ffe::/64 ::ff£f£:3.3.3.3 0 100 0 3

Total number of prefixes 4

PEl#show mpls forwarding-table
Codes: > - installed FTN, * - selected FTN, p - stale FTN,
B - BGP FTN, K - CLI FTN, t - tunnel, P - SR Policy FTN,
L - LDP FTN, R - RSVP-TE FTN, S - SNMP FTN, I - IGP-Shortcut,
U - unknown FTN, O - SR-OSPF FTN, i - SR-ISIS FTN, k - SR-CLI FTN

r 1 -

Path
?

00 2
?

00 »
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Code FEC FTN-ID Nhlfe-ID Tunnel-id  Pri LSP-Type Out-Label
Out-Intf ELC Nexthop

L> 2.2.2.2/32 3 3 - - LSP_DEFAULT 3
xe?2 No 20.1.1.2

L> 3.3.3.3/32 4 4 - - LSP_DEFAULT 24321
xe?2 No 20.1.1.2

L> 30.1.1.0/24 5 3 - - LSP_DEFAULT 3
xe2 No 20.1.1.2

B> 3002::/64 2 2 0 Yes LSP_DEFAULT 24960
- No 3.3.3.3

B> 3ffe:: /64 1 1 0 Yes LSP_DEFAULT 24961
- No 3.3.3.3

PEl#show ldp session
Peer IP Address IF Name My Role State KeepAlive UpTime
2.2.2.2 xe?2 Passive OPERATIONAL 30 00:06:59

PEl#show mpls ftn-table
Primary FTN entry with FEC: 2.2.2.2/32, id: 3, row status: Active, Tunnel-Policy: N/A
Owner: LDP, distance: 0, Action-type: Redirect to LSP, Exp-bits: 0x0, Incoming DSCP:
none
Tunnel id: 0, Protected LSP id: 0, Description: N/A, Color: 0
Matched bytes:0, pkts:0, TX bytes:0, Pushed pkts:0
Cross connect ix: 4, in intf: - in label: 0 out-segment ix: 3
Owner: N/A, Persistent: No, Admin Status: Up, Oper Status: Up
Out-segment with ix: 3, owner: N/A, Stale: NO, out intf: xe2, out label: 3
Nexthop addr: 20.1.1.2 cross connect ix: 4, op code: Push

Primary FTN entry with FEC: 3.3.3.3/32, id: 4, row status: Active, Tunnel-Policy: N/A
Owner: LDP, distance: 0, Action-type: Redirect to LSP, Exp-bits: 0x0, Incoming DSCP:
none
Tunnel id: 0, Protected LSP id: 0, Description: N/A, Color: 0
Matched bytes:0, pkts:0, TX bytes:0, Pushed pkts:0
Cross connect ix: 5, in intf: - in label: 0 out-segment ix: 4
Owner: LDP, Persistent: No, Admin Status: Up, Oper Status: Up
Out-segment with ix: 4, owner: LDP, Stale: NO, out intf: xe2, out label: 24321
Nexthop addr: 20.1.1.2 cross connect ix: 5, op code: Push

Primary FTN entry with FEC: 30.1.1.0/24, id: 5, row status: Active, Tunnel-Policy: N/A
Owner: LDP, distance: 0, Action-type: Redirect to LSP, Exp-bits: 0x0, Incoming DSCP:
none
Tunnel id: 0, Protected LSP id: 0, Description: N/A, Color: 0
Matched bytes:0, pkts:0, TX bytes:0, Pushed pkts:0
Cross connect ix: 4, in intf: - in label: 0 out-segment ix: 3
Owner: N/A, Persistent: No, Admin Status: Up, Oper Status: Up
Out-segment with ix: 3, owner: N/A, Stale: NO, out intf: xe2, out label: 3
Nexthop addr: 20.1.1.2 cross connect ix: 4, op code: Push

Primary FTN entry with FEC: 3002::/64, id: 2, row status: Active, Tunnel-Policy: N/A
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Owner: BGP, distance: 0, Action-type: Redirect to LSP, Exp-bits: 0x0, Incoming DSCP:
none

Transport Tunnel id: 0, Protected LSP id: 0, Description: N/A, Color: 0
Matched bytes:0, pkts:0, TX bytes:0, Pushed pkts:0
Cross connect ix: 2, in intf: - in label: 0 out-segment ix: 2
Owner: BGP, Persistent: No, Admin Status: Up, Oper Status: Up

Out-segment with ix: 2, owner: BGP, Stale: NO, BGP out intf: xe2, transport out
intf: xe2, out label: 24960

Nexthop addr: 3.3.3.3 cross connect ix: 2, op code: Push and Lookup

Primary FTN entry with FEC: 3ffe::/64, id: 1, row status: Active, Tunnel-Policy: N/A

Owner: BGP, distance: 0, Action-type: Redirect to LSP, Exp-bits: 0x0, Incoming DSCP:
none

Transport Tunnel id: 0, Protected LSP id: 0, Description: N/A, Color: 0
Matched bytes:0, pkts:0, TX bytes:0, Pushed pkts:0
Cross connect ix: 1, in intf: - in label: 0 out-segment ix: 1
Owner: BGP, Persistent: No, Admin Status: Up, Oper Status: Up

Out-segment with ix: 1, owner: BGP, Stale: NO, BGP out intf: xe2, transport out
intf: xe2, out label: 24961

Nexthop addr: 3.3.3.3 cross connect ix: 1, op code: Push and Lookup

PEl#show mpls ilm-table
Codes: > - installed ILM, * - selected ILM, p - stale ILM
K - CLI ILM, T - MPLS-TP, s - Stitched ILM

s - SNMP, L - LDP, R - RSVP, C - CRLDP
B-BGP, K-CLI , V- LDP VC, T - IGP_ SHORTCUT
O - OSPF/OSPF6 SR, i - ISIS SR, k - SR CLI
P - SR Policy, U - unknown
Code FEC/VRF/L2CKT ILM-ID In-Label Out-Label In-Intf Out-Intf/VRF
Nexthop LSP-Type
B> 2001::/64 3 24960 Nolabel N/A N/A
127.0.0.1 LSP_DEFAULT
B> 2ffe::/64 4 24961 Nolabel N/A N/A
127.0.0.1 LSP DEFAULT

#

PEl#show ip bgp summary

BGP router identifier 1.1.1.1, local AS number 100
BGP table version is 1

3 BGP AS-PATH entries

0 BGP community entries

Neighbor vV AS MsgRcv MsgSen TblVer InQ outQ Up/Down State/
PfxRcd

3.3.3.3 4 100 42 43 1 0 0 00:08:40

0

Total number of neighbors 1

Total number of Established sessions 1
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PEl#show ipv6 bgp summary

BGP router identifier 1.1.1.1, local AS number 100
BGP table version is 5

3 BGP AS-PATH entries

0 BGP community entries

Neighbor \Y% AS MsgRcv MsgSen TblVer InQ OoutQ Up/Down
PfxRcd

2001::2 4 200 93 98 5 0 0 00:08:33

1

Total number of neighbors 1
Total number of Established sessions 1

PEl#show ip bgp neighbors

BGP neighbor is 3.3.3.3, remote AS 100, local AS 100, internal link
BGP version 4, local router ID 1.1.1.1, remote router ID 3.3.3.3
BGP state = Established, up for 00:08:55

Last read 00:00:21, hold time is 90, keepalive interval is 30 seconds

Neighbor capabilities:
Route refresh: advertised and received (old and new)
Address family IPv4 Unicast: advertised and received
Address family IPv6 Labeled Unicast: advertised and received
Received 42 messages, 0 notifications, 0 in queue
Sent 43 messages, 1 notifications, 0 in queue
Route refresh request: received 0, sent 0O
Minimum time between advertisement runs is 5 seconds
Update source is 1lo
For address family: IPv4 Unicast
BGP table version 1, neighbor version 1
Index 1, Offset 0, Mask 0x2
Community attribute sent to this neighbor (both)
0 accepted prefixes
0 announced prefixes

For address family: IPv6 Labeled-Unicast

BGP table version 6, neighbor version 6

Index 1, Offset 0, Mask 0x2

Community attribute sent to this neighbor (both)
2 accepted prefixes

2 announced prefixes

Connections established 2; dropped 1
Local host: 1.1.1.1, Local port: 34293
Foreign host: 3.3.3.3, Foreign port: 179
Nexthop: 1.1.1.1
Nexthop global:

Nexthop local:
BGP connection: non shared network

State/
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Last Reset: 00:09:51, due to Administratively Reset (Cease Notification sent)

Notification Error Message: (Cease/Administratively Reset.)

BGP neighbor is 2001::2, remote AS 200, local AS 100, external link

BGP version 4, local router ID 1.1.1.1, remote router ID 44.44.44.44

BGP state = Established, up for 00:08:45

Last read 00:00:16, hold time is 90, keepalive interval is 30 seconds

Neighbor capabilities:
Route refresh: advertised and received (old and new)
Address family IPv6 Unicast: advertised and received
Received 92 messages, 1 notifications, 0 in queue
Sent 97 messages, 1 notifications, 0 in queue
Route refresh request: received 0, sent 0
Minimum time between advertisement runs is 30 seconds
For address family: IPv6 Unicast
BGP table version 5, neighbor version 5
Index 1, Offset 0, Mask 0x2
Community attribute sent to this neighbor (both)
1 accepted prefixes
3 announced prefixes

Connections established 3; dropped 2
Local host: 2001::1, Local port: 179
Foreign host: 2001::2, Foreign port: 40980
Nexthop: 1.1.1.1
Nexthop global: 2001::1
Nexthop local: fe80::5054:ff:fe29:189d
BGP connection: shared network
Last Reset: 00:08:50, due to BGP Notification received

Notification Error Message: (Cease/Other Configuration Change.)
P1
Pl#show ldp session
Peer IP Address IF Name My Role State KeepAlive UpTime
3.3.3.3 xel Passive OPERATIONAL 30 00:10:11
1.1.1.1 xe?2 Active OPERATIONAL 30 00:09:21
Pl#show mpls forwarding-table
Codes: > - installed FTN, * - selected FTN, p - stale FTN,
B - BGP FIN, K - CLI FIN, t - tunnel, P - SR Policy FTN,
L - LDP FTN, R - RSVP-TE FTN, S - SNMP FTN, I - IGP-Shortcut,
U - unknown FTN, O - SR-OSPF FTN, i - SR-ISIS FTN, k - SR-CLI FTN
Code FEC FTN-ID Nhlfe-ID Tunnel-id Pri LSP-Type Out-Label
Out-Intf ELC Nexthop
L> 1.1.1.1/32 2 2 - - LSP_DEFAULT 0
xe?2 No 20.1.1.1
L> 3.3.3.3/32 1 1 - - LSP_DEFAULT O
xel No 30.1.1.2

Pl#show mpls ilm-table
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Codes: > - installed ILM, * - selected ILM, p - stale ILM
K - CLI ILM, T - MPLS-TP, s - Stitched ILM

S - SNMP, L - LDP, R - RSVP, C - CRLDP
B-BGP, K-CLI , V- LDP VC, T - IGP SHORTCUT
O - OSPF/OSPF6 SR, i - ISIS SR, k - SR CLI
P - SR Policy, U - unknown
Code FEC/VRF/L2CKT ILM-ID In-Label Out-Label In-Intf Out-Intf/VRF
Nexthop LSP-Type
L> 3.3.3.3/32 2 24321 0 N/A xel
30.1.1.2 LSP_DEFAULT
L> 1.1.1.1/32 1 24320 0 N/A xe2
20.1.1.1 LSP DEFAULT

PE2

PE2#show ipv6 route
IPv6 Routing Table
Codes: K - kernel route, C - connected, S - static, D- DHCP, R - RIP,
O - OSPF, IA - OSPF inter area, El1 - OSPF external type 1,
E2 - OSPF external type 2, E - EVPN N1 - OSPF NSSA external type 1,
N2 - OSPF NSSA external type 2, i - IS-IS, B - BGP,
v - vrf leaked
Timers: Uptime

IP Route Table for VRF "default"

::1/128 via ::, lo, 01:24:48

2001::/64 [200/0] via ::ffff:1.1.1.1, 00:11:08

2ffe::/64 [200/0] via ::ffff:1.1.1.1, 00:10:34

3002::/64 via ::, xe2, 00:24:41

3ffe::/64 [20/0] via fe80::5054:ff:fef6:c35d, xe2, 00:09:07
fe80::/64 via ::, xe3, 01:24:48

QW QW w O

PE2#show mpls ilm-table
Codes: > - installed ILM, * - selected ILM, p - stale ILM
K - CLI ILM, T - MPLS-TP, s - Stitched ILM

S - SNMP, L - LDP, R - RSVP, C - CRLDP
B-BGP, K-CLI , V- LDP VC, T - IGP SHORTCUT
O - OSPF/OSPF6 SR, i - ISIS SR, k - SR CLI
P - SR Policy, U - unknown
Code FEC/VRF/L2CKT ILM-ID In-Label Out-Label In-Intf Out-Intf/VRF
Nexthop LSP-Type
B> 3002::/64 3 24960 Nolabel N/A N/A
127.0.0.1 LSP_DEFAULT
B> 3ffe::/64 4 24961 Nolabel N/A N/A
127.0.0.1 LSP DEFAULT

PE2#show mpls forwarding-table
Codes: > - installed FTN, * - selected FTN, p - stale FTN,
B - BGP FIN, K - CLI FTN, t - tunnel, P - SR Policy FTN,
L - LDP FTN, R - RSVP-TE FTN, S - SNMP FTN, I - IGP-Shortcut,
U - unknown FTN, O - SR-OSPF FTN, i - SR-ISIS FTN, k - SR-CLI FTN
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Code FEC FTN-ID Nhlfe-ID Tunnel-id Pri LSP-Type Out-Label
Out-Intf ELC Nexthop

L> 1.1.1.1/32 3 2 - - LSP_DEFAULT 24320
xel No 30.1.1.1

L> 2.2.2.2/32 1 1 - - LSP_DEFAULT 3
xel No 30.1.1.1

L> 20.1.1.0/24 2 1 - - LSP _DEFAULT 3
xel No 30.1.1.1

B> 2001::/64 4 3 0 Yes LSP_DEFAULT 24960
- No 1.1.1.1

B> 2ffe::/64 5 4 0 Yes LSP_DEFAULT 24961
- No 1.1.1.1

PE2#show mpls ftn-table
Primary FTN entry with FEC: 1.1.1.1/32, id: 3, row status: Active, Tunnel-Policy: N/A

Owner: LDP, distance: 0, Action-type: Redirect to LSP, Exp-bits: 0x0, Incoming DSCP:
none

Tunnel id: 0, Protected LSP id: 0, Description: N/A, Color: 0
Matched bytes:0, pkts:0, TX bytes:0, Pushed pkts:0
Cross connect ix: 3, in intf: - in label: 0 out-segment ix: 2
Owner: LDP, Persistent: No, Admin Status: Up, Oper Status: Up
Out-segment with ix: 2, owner: LDP, Stale: NO, out intf: xel, out label: 24320
Nexthop addr: 30.1.1.1 cross connect ix: 3, op code: Push

Primary FTN entry with FEC: 2.2.2.2/32, id: 1, row status: Active, Tunnel-Policy: N/A

Owner: LDP, distance: 0, Action-type: Redirect to LSP, Exp-bits: 0x0, Incoming DSCP:
none

Tunnel id: 0, Protected LSP id: 0, Description: N/A, Color: 0
Matched bytes:0, pkts:0, TX bytes:0, Pushed pkts:0
Cross connect ix: 2, in intf: - in label: 0 out-segment ix: 1
Owner: N/A, Persistent: No, Admin Status: Up, Oper Status: Up
Out-segment with ix: 1, owner: N/A, Stale: NO, out intf: xel, out label: 3
Nexthop addr: 30.1.1.1 cross connect ix: 2, op code: Push

Primary FTN entry with FEC: 20.1.1.0/24, id: 2, row status: Active, Tunnel-Policy: N/A

Owner: LDP, distance: 0, Action-type: Redirect to LSP, Exp-bits: 0x0, Incoming DSCP:
none

Tunnel id: 0, Protected LSP id: 0, Description: N/A, Color: 0
Matched bytes:0, pkts:0, TX bytes:0, Pushed pkts:0
Cross connect ix: 2, in intf: - in label: 0 out-segment ix: 1
Owner: N/A, Persistent: No, Admin Status: Up, Oper Status: Up
Out-segment with ix: 1, owner: N/A, Stale: NO, out intf: xel, out label: 3
Nexthop addr: 30.1.1.1 cross connect ix: 2, op code: Push

Primary FTN entry with FEC: 2001::/64, id: 4, row status: Active, Tunnel-Policy: N/A

Owner: BGP, distance: 0, Action-type: Redirect to LSP, Exp-bits: 0x0, Incoming DSCP:
none

Transport Tunnel id: 0, Protected LSP id: 0, Description: N/A, Color: 0
Matched bytes:0, pkts:0, TX bytes:0, Pushed pkts:0
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Cross connect ix: 4, in intf: - in label: 0 out-segment ix: 3
Owner: BGP, Persistent: No, Admin Status: Up, Oper Status: Up

Out-segment with ix: 3, owner: BGP, Stale: NO, BGP out intf: xel, transport out
intf: xel, out label: 24960

Nexthop addr: 1.1.1.1 cross connect ix: 4, op code: Push and Lookup

Primary FTN entry with FEC: 2ffe::/64, id: 5, row status: Active, Tunnel-Policy: N/A

Owner: BGP, distance: 0, Action-type: Redirect to LSP, Exp-bits: 0x0, Incoming DSCP:
none

Transport Tunnel id: 0, Protected LSP id: 0, Description: N/A, Color: 0
Matched bytes:0, pkts:0, TX bytes:0, Pushed pkts:0
Cross connect ix: 5, in intf: - in label: 0 out-segment ix: 4
Owner: BGP, Persistent: No, Admin Status: Up, Oper Status: Up

Out-segment with ix: 4, owner: BGP, Stale: NO, BGP out intf: xel, transport out
intf: xel, out label: 24961

Nexthop addr: 1.1.1.1 cross connect ix: 5, op code: Push and Lookup

PE2#show 1ldp session
Peer IP Address IF Name My Role State KeepAlive UpTime
2.2.2.2 xel Active OPERATIONAL 30 00:12:01

PE2#show bgp ipv6
BGP table version is 5, local router ID is 3.3.3.3

Status codes: s suppressed, d damped, h history, a add-path, * valid, > best, i -
internal,

1 - labeled, S Stale

Origin codes: i - IGP, e - EGP, ? - incomplete
Network Next Hop Metric LocPrf Weight Path
*>i 2001::/64 ceffff:1.1.1.1 0 100 0 ?
*>1 2ffe::/64 ffff:1.1.1.1 0 100 0 200 2
*> 1 3002::/64 HE 0 100 32768 2
*> 1 3ffe::/64 3002::2(fe80::5054:ff:fef6:c35d)
0 100 0 300 2

Total number of prefixes 4

PE2#show ip bgp neighbors
BGP neighbor is 1.1.1.1, remote AS 100, local AS 100, internal link
BGP version 4, local router ID 3.3.3.3, remote router ID 1.1.1.1
BGP state = Established, up for 00:11:54
Last read 00:00:06, hold time is 90, keepalive interval is 30 seconds
Neighbor capabilities:
Route refresh: advertised and received (old and new)
Address family IPv4 Unicast: advertised and received
Address family IPv6 Labeled Unicast: advertised and received
Received 50 messages, 0 notifications, 0 in queue
Sent 50 messages, 1 notifications, 0 in gqueue
Route refresh request: received 0, sent O
Minimum time between advertisement runs is 5 seconds
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Update source is 1lo
For address family: IPv4 Unicast
BGP table version 1,
Index 1, Offset 0, Mask 0x2

Community attribute sent to this neighbor

0 accepted prefixes
0 announced prefixes

For address family: IPv6 Labeled
BGP table version 5,
Index 1, Offset 0, Mask 0x2
Community attribute sent to thi
2 accepted prefixes
2 announced prefixes

neighbor version 1

(both)

-Unicast

neighbor version 5

s neighbor (both)

Connections established 2; dropped 1
Local host: 3.3.3.3, Local port: 179
Foreign host: 1.1.1.1, Foreign port: 34293
Nexthop: 3.3.3.3
Nexthop global:

Nexthop local:
BGP connection: non shared network

Last Reset:

00:12:28, due to Administratively Reset

(Cease Notification sent)

Notification Error Message:

(Cease/Administratively Reset.)

BGP neighbor is 3002::2,
BGP version 4, local router ID
BGP state = Established, up for
Last read 00:00:25, hold time 1
Neighbor capabilities:

Route refresh:
Address family IPv6 Unicast:
Received 61 messages, 2 notific

Sent 68 messages, 2 notificatio

Route refresh request:

remote AS 300,

advertised and received

received O,

local AS 100, external link

3.3.3.3, remote router ID 66.66.66.66
00:10:17
s 90, keepalive interval is 30 seconds

(0ld and new)
advertised and received
ations, 0 in queue
ns, 0 in queue

sent 0

Minimum time between advertisement runs is 30 seconds

For address family: IPv6 Unicast
BGP table wversion 5,
Index 1, Offset 0, Mask 0x2
Community attribute sent to thi
1 accepted prefixes
3 announced prefixes

Connections established 3;

Local host: 3002::1, Local port:
Foreign host: 3002::2, Foreign po
Nexthop: 3.3.3.3

Nexthop global: 3002::1

Nexthop local:

BGP connection: shared network

neighbor version 5

s neighbor (both)

dropped 2

52758
rt: 179

fe80::5054:ff:fe2b:8d4f
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Last Reset: 00:10:22, due to BGP Notification received
Notification Error Message: (Cease/Other Configuration Change.)

PE2#show ip bgp summary

BGP router identifier 3.3.3.3, local AS number 100
BGP table version is 1

3 BGP AS-PATH entries

0 BGP community entries

Neighbor \Y% AS MsgRcv MsgSen TblVer InQ OoutQ Up/Down
PfxRcd

1.1.1.1 4 100 50 52 1 0 0 00:12:06

0

Total number of neighbors 1
Total number of Established sessions 1

PE2#show ipv6 bgp summary

BGP router identifier 3.3.3.3, local AS number 100
BGP table version is 5

3 BGP AS-PATH entries

0 BGP community entries

Neighbor 4 AS MsgRcv MsgSen TblVer InQ outQ Up/Down
PfxRcd

3002::2 4 300 64 70 5 0 0 00:10:31

1

Total number of neighbors 1

Total number of Established sessions 1

CE2

CE2#show ipv6 bgp summary

BGP router identifier 66.66.66.66, local AS number 300
BGP table version is 9

3 BGP AS-PATH entries

0 BGP community entries

Neighbor Y AS MsgRcv MsgSen TblVer InQ outQ Up/Down
PfxRcd

3002::1 4 100 70 67 9 0 0 00:11:35

3

Total number of neighbors 1
Total number of Established sessions 1
CE2#show ipv6 route

IPv6 Routing Table
Codes: K - kernel route, C - connected, S - static, D- DHCP, R - RIP,

State/

State/

State/
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O - OSPF, IA - OSPF inter area, El1 - OSPF external type 1,
E2 - OSPF external type 2, E - EVPN NIl - OSPF NSSA external type 1,
N2 - OSPF NSSA external type 2, i - IS-IS, B - BGP,
v — vrf leaked

Timers: Uptime

IP Route Table for VRF "default"

C

B 2001:
B 2ffe:
C 3002:
S 3ffe:
C fe80:

::1/128 via ::, lo, 01:26:48

:/64 [20/0] via fe80::5054:ff:fe2b:8d4f, xe2,
:/64 [20/0] via fe80::5054:ff:fe2b:8d4f, xe2,
:/64 via ::, xe2, 00:24:47

:/64 [1/0] via ::, xe2, 00:24:05

:/64 via ::, xe2, 01:26:48

00:11:43
00:11:43
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This chapter explains how 6VPE (IPv6 on VPN Provider Edge Routers) can interconnect IPv6 islands over an MPLS-
enabled IPv4 cloud. 6VPE enables IPv6 sites to communicate with each other over an MPLS/IPv4 core network using
MPLS LSPs. The 6VPE routers exchange IPv6 reachability information over the core using Multi-Protocol Border
Gateway Protocol (MP-BGP) over IPv4.

Topology

As shown in Figure 5-6:
+ CE1 and CE2 are customer edge routers
* 6VPE1 and 6VPE2 are IPv6 Provider Edge routers

» Pis the router at the core of the IPv4 MPLS provider network.

.....
.......

44 44 44 44/32 1111432 2222132 3333732 66 66.66 66/32

— Q : xe2 = —'/-\! Hed [\! - xez = a = :xe2 = (-\!

2001:1/64 10.10 2/24) 10.202 2 3001:2/64

xe1
2001::2/64 201010.1/24 2010.20.1/24 3007:1/64

xel

- . "
------------

Figure 5-6: 6VPE Configuration

Configuration

CE1

#configure terminal Enter configure mode.
(config) #interface 1lo Enter interface mode
(config-if) #ip address 44.44.44.44/32 secondary Assignthe IPv4 address
(config-if) #exit Exit interface mode
(config) #interface xel Enter interface mode.
(config-if) #ipv6 address 2001::2/64 Assign the IPv6 address.
(config-if) #exit Exit interface mode.
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config) #ipv6 route 2ffe::/64 xel

Advertise IPv6 static route.

config) #router bgp 200

Enter BGP router mode.

config-router) #bgp router-id 44.44.44.44

Configure bgp router-id

Configure 6VPE1 as an eBGP4+ neighbor.

config-router) #address—-family ipvé6 unicast

Enter address-family IPv6 unicast mode.

config-router-af) #neighbor 2001::1 activate

Activate the neighbor in the IPv6 address family.

(
(
(
(config-router) #neighbor 2001::1 remote-as 100
(
(
(

config-router-af) #redistribute connected

Redistribute the connected route under address family
IPv6 unicast.

(config-router-af) #redistribute static

Redistribute static routes.

(config-router-af) #commit

Commit the transaction.

CE2

fconfigure terminal

Enter configure mode

config) #interface 1lo

Enter interface mode

config-if)#ip address 66.66.66.66/32 secondary

Assign the |IPv4 address

config-if) #fexit

Exit interface mode

config) #interface xel

Enter interface mode.

config-if)#ipv6 address 3001::2/64

Assign the IPv6 address.

config-if) #fexit

Exit interface mode.

Configure IPV6 static route

config) #router bgp 300

Enter BGP router mode.

config-router) #bgp router-id 66.66.66.66

Configure BGP router-id

config-router) #neighbor 3001::1 remote-as 100

Configure 6VPE1 as an eBGP4+ neighbor.

config-router) #address-family ipv6 unicast

Enter address-family IPv6 unicast mode.

config-router-af) #neighbor 3001::1 activate

Activate the neighbor in the IPv6 address family.

(
(
(
(
(
(
(config) #ipv6 route 3ffe::/64 xel
(
(
(
(
(
(

config-router-af) #redistribute connected

Redistribute the connected route under address family
IPV6 unicast.

(config-router-af) #redistribute static

Redistribute static routes.

(config-router-af) #commit

Commit the transaction.

PE1

#configure terminal

Enter configure mode.

(config)#ip vrf IPI

Create a new VRF named IPI.

(config-vrf)#rd 1:100

Assign the route distinguisher (RD) value as 1:100.

(config-vrf) #route-target both 100:200

Import routes between route target (RT) ext-communities
100 and 200.

(config-vrf) #router-id 77.77.77.77

Configure router-id for VRF

(config-vrf) #exit

Exit VRF mode.

(config) #interface xel

Enter interface mode.
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(config-if) #ip vrf forwarding IPI

Bind the interface connected to the CE router with VRF
IPI.

config-if)#ipvé address 2001::1/64

Assign the IPv6 address.

config-if) #fexit

Exit interface mode.

config) #router bgp 100

Enter BGP router mode.

config-router) #bgp router-id 1.1.1.1

Configure BGP router-id

Configure 6VPE2 as an iBGP peer.

(
(
(
(
(config-router) #neighbor 3.3.3.3 remote-as 100
(
1

config-router) #neighbor 3.3.3.3 update-source
o

Update the source as loopback for iBGP peering with the
remote 6VPE router.

config-router) #address-family ipv4 unicast

Enter address family mode

config-router-af) #neighbor 3.3.3.3 activate

Activate the neighbor

Exit address family mode

config-router) #address-family vpnv6 unicast

Enter VPNv6 address family mode.

(
(
(config-router-af) #exit-address-family
(
(

config-router-af) #neighbor 3.3.3.3 activate

Activate the 6VPE neighbor so that it can accept VPN
IPv6 routes.

(config-router-af) #exit-address-family

Exit VPNv6 address family mode.

(config-router) #address-family ipv6 vrf IPI

Enter the IPv6 address family for VRF IPI.

(config-router-af) #neighbor 2001::2 remote-as
200

Activate CE inside IPv6 address family for vrf IPI.

(config-router-af) #neighbor 2001::2 activate

Activate the 6VPE neighbor so that it can accept VPN
IPv6 routes.

(config-router-af) #redistribute connected

Redistribute the connected route under address family
IPv6 for VRF IPI.

config-router-af) #exit-address-family

Exit IPv6 Address Family mode.

config-router) fexit

Exit router mode.

config) #interface 1lo

Enter interface mode.

config-if) #ip address 1.1.1.1/32 secondary

Assign the IP address to loopback interface.

config-if) #fexit

Exit interface mode.

config) #router 1ldp

Enter router LDP mode.

config-router) #router-id 1.1.1.1

Set the router ID to IP address 1.1.1.1

config-router) #transport-address ipv4 1.1.1.1

Configure transport address as loopback address.

config-router) #targeted-peer ipv4d 3.3.3.3

Configure targeted peer.

config-router-targeted-peer) #exit

Exit-targeted-peer-mode

Exit router LDP mode.

config) #router rsvp

Enter RSVP router mode.

config-router) #fexit

Exit router mode.

config) #interface xe2

Enter interface mode.

config-if) #label-switching

Enable label switching in interface.

config-if) #enable-rsvp

Enable RSVP in interface.

config-if) #enable-1dp ipvié

Enable LDP in interface.

config-if) #ip address 20.10.10.1/24

Assign IP address to interface.

config-if) #fexit

Exit interface mode.

(
(
(
(
(
(
(
(
(
(
(config-router) ffexit
(
(
(
(
(
(
(
(
(

config) #router ospf 100

Enter OSPF router mode.
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(config-router) #ospf router-id 1.1.1.1

Configure OSPF router id same as loopback ip address.

(config-router) #network 1.1.1.1/32 area O
(config-router) #network 20.10.10.1/24 area 0

Define the network on which OSPF runs and associate
area id.

config-router) #exit

Exit OSPF router mode.

Enter the trunk mode for RSVP.

config-trunk) #to 3.3.3.3

Specify IPv4 Egress for the LSP.

(
(config) #rsvp-trunk toPE2
(
(

config-trunk) #commit

Commit the transaction.

P1

fconfigure terminal

Enter configure mode.

config) #interface 1lo

Enter interface mode.

config-if) #ip address 2.2.2.2/32 secondary

Assign the IP address to loopback interface.

config-if) #fexit

Exit interface mode.

config) #router 1ldp

Enter router LDP mode.

config-router) #router-id 2.2.2.2

Set the router ID to IP address 2.2.2.2

config-router) #transport-address ipv4d 2.2.2.2

Configure transport address as loopback address.

config-router) fexit

Exit router mode.

config) #router rsvp

Enter RSVP router mode.

config-router) #fexit

Exit router mode.

config) #interface xel

Enter interface mode.

config-if) #label-switching

Enable label switching in interface.

config-if) #enable-rsvp

Enable RSVP in interface.

config-if) #enable-1dp ipv4

Enable LDP in interface.

config-if) #ip address 20.10.10.2/24

Assign IP address to interface.

config-if) #fexit

Exit interface mode.

config) #interface xe2

Enter interface mode.

config-if) #label-switching

Enable label switching in interface.

config-if) #enable-rsvp

Enable RSVP in interface.

config-if) #enable-1dp ipv4

Enable Idp in interface.

config-if) #ip address 20.10.20.1/24

Assign IP address to interface.

config-if) #fexit

Exit interface mode.

config) #router ospf 100

Enter OSPF router mode.

config-router) #ospf router-id 2.2.2.2

Configure OSPF router id same as loopback ip address.

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

config-router) #network 2.2.2.2/32 area 0
config-router) #network 20.10.20.1/24 area O
config-router) #network 20.10.10.2/24 area 0

Define the network on which OSPF runs and associate
area id.

(config-router) #commit

Commit the transaction.
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PE2

fconfigure terminal

Enter configure mode.

(config)#ip vrf IPI

Create a new VRF named IPI.

(config-vrf)#rd 1:101

Assign the route distinguisher (RD) value as 1:101.

(config-vrf) #route-target both 100:200

Import routes between route target (RT) ext-communities
100 and 200.

(config-vrf) #router-id 55.55.55.55

Configure Router-id for VRF

(config-vrf) fexit

Exit VRF mode.

(config) #interface xe2

Enter interface mode.

(config-if) #ip vrf forwarding IPI

Bind the interface connected to the CE router with VRF
IPI.

config-if) #ipve address 3001::1/64

Assign the IPv6 address.

config-if) #fexit

Exit interface mode.

config) #router bgp 100

Enter BGP router mode.

Configure BGP router-id

config-router) #neighbor 1.1.1.1 remote-as 100

Configure 6VPE2 as an iBGP peer.

(
(
(
(config-router) #bgp router-id 3.3.3.3
(
(
1

onfig-router) #neighbor 1.1.1.1update-source

Update the source as loopback for iBGP peering with the
remote 6VPE router.

config-router) #address-family ipv4 unicast

Enter address family mode

config-router-af) #neighbor 1.1.1.1 activate

Activate the neighbor

Exit address family mode

config-router) #address-family vpnvé6 unicast

Enter VPNv6 address family mode.

(
(
(config-router-af) #exit-address-family
(
(

config-router-af) #neighbor 1.1.1.1 activate

Activate the 6VPE neighbor so that it can accept VPN IPv6
routes.

(config-router-af) #exit-address-family

Exit VPNv6 address family mode.

(config-router) #address-family ipvé6 vrf IPI

Enter the IPv6 address family for VRF IPI.

(config-router-af) #neighbor 3001::2 remote-as

300

Activate CE inside |IPv6 address family for vrf IPI.

(config-router-af) #neighbor 3001::2 activate

Activate the neighbor

(config-router-af) #redistribute connected

Redistribute the connected route under address family
IPv6 for VRF IPI.

config-router-af) #exit-address-family

Exit IPv6 Address Family mode.

config-router) #exit

Exit router mode.

config) #interface 1lo

Enter interface mode.

config-if) #ip address 3.3.3.3/32 secondary

Assign the IP address to loopback interface.

config-if) #exit

Exit interface mode.

Enter router LDP mode.

config-router) #router-id 3.3.3.3

Set the router ID to IP address 3.3.3.3

config-router) #transport-address ipv4 3.3.3.3

Configure transport address as loopback address.

config-router) #targeted-peer ipv4d 1.1.1.1

Configure targeted peer.

(
(
(
(
(
(config) #router 1ldp
(
(
(
(

config-router-targeted-peer) #exit

Exit-targeted-peer-mode
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config-router) fexit

Exit router mode

config) #router rsvp

Enter RSVP router mode.

config-router) #exit

Exit router mode.

config) #interface xel

Enter interface mode.

config-if) #label-switching

Enable label switching in interface

config-if) #enable-rsvp

Enable RSVP in interface.

Enable LDP in interface.

config-if) #ip address 20.10.20.2/24

Assign IP address to interface.

config-if) #exit

Exit interface mode.

config) #router ospf 100

Enter OSPF router mode.

config-router) #ospf router-id 3.3.3.3

Configure OSPF router id same as loopback ip address.

config-router) #network 3.3.3.3/32 area 0

(

(

(

(

( )

( )

(config-if) #enable-1dp ipv4
( )

( )

(

(

(

(config-router) #network 20.10.20.2/24 area 0

Define the network on which OSPF runs and associate
area id.

config-router) #exit

Exit OSPF router mode.

Enter the trunk mode for RSVP.

config-trunk)#to 1.1.1.1

Specify IPv4 Egress for the LSP.

(
(config) #rsvp-trunk toPEl
(
(

config-trunk) #commit

Commit the transaction.

Validation

CE1

CEl#show ipv6 route
IPv6 Routing Table

Codes: K - kernel route, C - connected, S - static, D- DHCP, R - RIP,
O - OSPF, IA - OSPF inter area, El1 - OSPF external type 1,

E2 - OSPF external type 2, E - EVPN N1

- OSPF NSSA external type 1,

N2 - OSPF NSSA external type 2, i - IS-IS, B - BGP,

v - vrf leaked
Timers: Uptime

IP Route Table for VRF "default"
::1/128 via ::, lo, 01:38:28
2001::/64 via ::, xel, 01:20:30

QW w n O

fe80::/64 via ::, xe3, 01:38:28

CEl#show ipv6 bgp summary vrf all

2ffe::/64 [1/0] via ::, xel, 00:01:27
3001::/64 [20/0] via fe80::5054:ff:fe29:189d, xel, 00:06:40
3ffe::/64 [20/0] via fe80::5054:ff:fe29:189d, xel, 00:02:24

BGP router identifier 44.44.44.44, local AS number 200

BGP table version is 4
3 BGP AS-PATH entries
0 BGP community entries
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Neighbor vV AS MsgRcv MsgSen TblVer InQ outQ Up/Down State/
PfxRcd
2001::1 4 100 1167 1522 4 0 0 00:13:23
3
Total number of neighbors 1
Total number of Established sessions 1
PE1
PEl#show ipv6 route vrf IPI
IPv6 Routing Table
Codes: K - kernel route, C - connected, S - static, D- DHCP, R - RIP,

O - OSPF, IA - OSPF inter area, E1 - OSPF external type 1,

E2 - OSPF external type 2, E - EVPN NIl - OSPF NSSA external type 1,

N2 - OSPF NSSA external type 2, i - IS-IS, B - BGP,

v — vrf leaked
Timers: Uptime
IP Route Table for VRF "IPI"
C 2001::/64 via ::, xel, 01:12:03
B 2ffe::/64 [20/0] via fe80::5054:ff:fe60:f4e5, xel, 00:02:05
B 3001::/64 [200/0] via ::ffff:3.3.3.3, 00:08:02
B 3ffe::/64 [200/0] via ::ffff:3.3.3.3, 00:03:33
C fe80::/64 via ::, xel, 01:12:32
PEl#show ip bgp summary vrf all
BGP router identifier 3.3.3.3, local AS number 100
BGP table version is 1
3 BGP AS-PATH entries
0 BGP community entries
Neighbor V. AS  MsgRcv MsgSen TblVer InQ OutQ Up/Down  State/
PfxRcd
1.1.1.1 4 100 78 84 1 0 0 00:32:15 0
Total number of neighbors 1
Total number of Established sessions 1
PEl#show ipv6 bgp summary vrf all
BGP router identifier 55.55.55.55, local AS number 100
BGP VRF IPI Route Distinguisher: 1:101
BGP table version is 1
3 BGP AS-PATH entries
0 BGP community entries
Neighbor V. AS  MsgRcv MsgSen TblVer InQ OutQ Up/Down  State/
PfxRcd
3001::2 4 200 79 81 1 0 0 00:32:15
2
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Total number of neighbors 1
Total number of Established sessions 1

PEl#show mpls forwarding-table
Codes: > - installed FTN, * - selected FTN, p - stale FTN,
B - BGP FIN, K - CLI FTN, t - tunnel, P - SR Policy FTN,
L. - LDP FTN, R - RSVP-TE FTN, S - SNMP FTN, I - IGP-Shortcut,
U - unknown FTN, O - SR-OSPF FTN, i - SR-ISIS FTN, k - SR-CLI FTN

Code FEC FTN-ID Nhlfe-ID Tunnel-id Pri LSP-Type
Out-Intf ELC Nexthop

L> 2.2.2.2/32 1 1 - - LSP DEFAULT
xe2 No 20.10.10.2
R(t)> 3.3.3.3/32 4 4 5001 Yes LSP DEFAULT
xe?2 No 20.10.10.2

L 3.3.3.3/32 3 2 - - LSP DEFAULT
xe?2 No 20.10.10.2

L> 20.10.20.0/24 2 1 - - LSP_DEFAULT
xe?2 No 20.10.10.2

PEl#show rsvp session
Type : PRI - Primary, SEC - Secondary, DTR - Detour, BPS - Bypass

State : UP - Up, DN - Down, BU - Backup in Use, SU - Secondary in Use, FS
Secondary

* indicates the session is active with local repair at one or more nodes
(P) indicates the secondary-priority session is acting as primary

Ingress RSVP:

Out-Label

24320

24960

3

- Forced to

To From Type LSPName State Uptime
Style Labelin Labelout DSType
3.3.3.3 1.1.1.1 PRI toPE2-Primary 9)% 00:08:
1 1 SE - 24320 DEFAULT
Total 1 displayed, Up 1, Down O.
Egress RSVP:
To From Type LSPName State Uptime
Style Labelin Labelout DSType
1.1.1.1 3.3.3.3 PRI toPEl-Primary 9)5 00:08:
11 SE 24960 - ELSP_CON
Total 1 displayed, Up 1, Down O.
PEl#show mpls ilm-table
Codes: > - installed ILM, * - selected ILM, p - stale ILM

K - CLTI ILM, T - MPLS-TP, s - Stitched ILM

S - SNMP, L - LDP, R - RSVP, C - CRLDP

B-BGP , K-CLI , V- LDP VC, I - IGP_SHORTCUT

O - OSPF/OSPF6 SR, i - ISIS SR, k - SR CLI

P - SR Policy, U - unknown
Code FEC/VRF/L2CKT ILM-ID In-Label Out-Label In-Intf Out-Intf/VRF
Nexthop LSP-Type

Rt

44

Rt

39
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B> IPT 2 25600 Nolabel N/A IPI N/
a LSP_DEFAULT
LT
R> 3.3.3.3/32 2 24320 Nolabel N/A N/A
127.0.0.1 ELSP_CONF
IG

PEl#show mpls vrf-table
Output for IPv6 VRF table with id: 2
Primary FTN entry with FEC: 3001::/64, id: 1, row status: Active, Tunnel-Policy: N/A

Owner: BGP, distance: 0, Action-type: Redirect to Tunnel, Exp-bits: 0x0, Incoming
DSCP: none

Transport Tunnel id: 5001, Protected LSP id: 2201, QoS Resource id: 0, Description: N/
A, Color: O

Matched bytes:0, pkts:0, TX bytes:0, Pushed pkts:0
Cross connect ix: 5, in intf: - in label: 0 out-segment ix: 5
Owner: BGP, Persistent: No, Admin Status: Up, Oper Status: Up

Out-segment with ix: 5, owner: BGP, Stale: NO, BGP out intf: xe2, transport out
intf: xe2, out label: 24320

Nexthop addr: 3.3.3.3 cross connect ix: 5, op code: Push and Lookup

Primary FTN entry with FEC: 3ffe::/64, id: 2, row status: Active, Tunnel-Policy: N/A

Owner: BGP, distance: 0, Action-type: Redirect to Tunnel, Exp-bits: 0x0, Incoming
DSCP: none

Transport Tunnel id: 5001, Protected LSP id: 2201, QoS Resource id: 0, Description: N/
A, Color: O

Matched bytes:0, pkts:0, TX bytes:0, Pushed pkts:0
Cross connect ix: 5, in intf: - in label: 0 out-segment ix: 5
Owner: BGP, Persistent: No, Admin Status: Up, Oper Status: Up

Out-segment with ix: 5, owner: BGP, Stale: NO, BGP out intf: xe2, transport out
intf: xe2, out label: 24320

Nexthop addr: 3.3.3.3 cross connect ix: 5, op code: Push and Lookup

PEl#show mpls ftn-table
Primary FTN entry with FEC: 2.2.2.2/32, id: 1, row status: Active, Tunnel-Policy: N/A

Owner: LDP, distance: 0, Action-type: Redirect to LSP, Exp-bits: 0x0, Incoming DSCP:
none

Tunnel id: 0, Protected LSP id: 0, Description: N/A, Color: 0
Matched bytes:0, pkts:0, TX bytes:0, Pushed pkts:0
Cross connect ix: 1, in intf: - in label: 0 out-segment ix: 1
Owner: N/A, Persistent: No, Admin Status: Up, Oper Status: Up
Out-segment with ix: 1, owner: N/A, Stale: NO, out intf: xe2, out label: 3
Nexthop addr: 20.10.10.2 cross connect ix: 1, op code: Push

Primary FTN entry with FEC: 3.3.3.3/32, id: 4, row status: Active, Tunnel-Policy: N/A

Owner: RSVP, distance: 0, Action-type: Redirect to Tunnel, Exp-bits: 0x0, Incoming
DSCP: none

Tunnel id: 5001, Protected LSP id: 2201, QoS Resource id: 2, Description: toPE2,
Color: O

Matched bytes:0, pkts:0, TX bytes:0, Pushed pkts:0
Cross connect ix: 4, in intf: - in label: 0 out-segment ix: 4

© 2024 IP Infusion Inc. Proprietary 97



6VPE Configuration

Owner: RSVP, Persistent: No, Admin Status: Up, Oper Status: Up
Out-segment with ix: 4, owner: RSVP, Stale: NO, out intf: xe2, out label: 24320
Nexthop addr: 20.10.10.2 cross connect ix: 4, op code: Push

Primary FTN entry with FEC: 3.3.3.3/32, id: 3, row status: Active, Tunnel-Policy: N/A

Owner: LDP, distance: 0, Action-type: Redirect to LSP, Exp-bits: 0x0, Incoming DSCP:
none

Tunnel id: 0, Protected LSP id: 0, Description: N/A, Color: 0
Matched bytes:0, pkts:0, TX bytes:0, Pushed pkts:0
Cross connect ix: 2, in intf: - in label: 0 out-segment ix: 2
Owner: LDP, Persistent: No, Admin Status: Down, Oper Status: Down
Out-segment with ix: 2, owner: LDP, Stale: NO, out intf: xe2, out label: 24960
Nexthop addr: 20.10.10.2 cross connect ix: 2, op code: Push

Primary FTN entry with FEC: 20.10.20.0/24, id: 2, row status: Active, Tunnel-Policy: N/
A

Owner: LDP, distance: 0, Action-type: Redirect to LSP, Exp-bits: 0x0, Incoming DSCP:
none

Tunnel id: 0, Protected LSP id: 0, Description: N/A, Color: 0
Matched bytes:0, pkts:0, TX bytes:0, Pushed pkts:0
Cross connect ix: 1, in intf: - in label: 0 out-segment ix: 1
Owner: N/A, Persistent: No, Admin Status: Up, Oper Status: Up
Out-segment with ix: 1, owner: N/A, Stale: NO, out intf: xe2, out label: 3
Nexthop addr: 20.10.10.2 cross connect ix: 1, op code: Push

PEl#show ip bgp vpnvé all

Status codes: s suppressed, d damped, h history, a add-path, * valid, > best, i -
internal, 1 - labeled

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

Network Next Hop Metric LocPrf Weight Path
Route Distinguisher: 1:100 (Default for VRF IPI)

*> 1 2001::/64 HH 0 100 32768 ?
* 2001::/64 2001::2(£fe80::5054:ff:fe60:£f4eb)

0 100 0 200 2
*> 1 2ffe::/64 2001::2 (fe80::5054:ff:fe60:£f4eb)

0 100 0 200 2
*>i 3001::/64 o fff£:3.3.3.3 0 100 0 ?
*>1 3ffe::/64 ::ff£f£:3.3.3.3 0 100 0 300 ?
Announced routes count = 3
Accepted routes count = 2
Route Distinguisher: 1:101
*>1 3001::/64 c:fff£:3.3.3.3 0 100 0 ?
*>i 3ffe::/64 o fff£:3.3.3.3 0 100 0 300
Announced routes count = 0
Accepted routes count = 2
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PEl#show ip bgp neighbors
BGP neighbor is 3.3.3.3, remote AS 100, local AS 100, internal link
BGP version 4, local router ID 1.1.1.1, remote router ID 3.3.3.3
BGP state = Established, up for 00:09:55
Last read 00:00:21, hold time is 90, keepalive interval is 30 seconds
Neighbor capabilities:
Route refresh: advertised and received (old and new)
Address family IPv4 Unicast: advertised and received
Address family VPNv6 Unicast: advertised and received
Received 27 messages, 0 notifications, 0 in queue
Sent 27 messages, 0 notifications, 0 in queue
Route refresh request: received 0, sent 0
Minimum time between advertisement runs is 5 seconds
Update source is 1lo
For address family: IPv4 Unicast
BGP table version 1, neighbor version 1
Index 1, Offset 0, Mask 0x2
Community attribute sent to this neighbor (both)
0 accepted prefixes
0 announced prefixes

For address family: VPNv6 Unicast

BGP table version 3, neighbor version 3

Index 1, Offset 0, Mask 0x2

Community attribute sent to this neighbor (both)
2 accepted prefixes

2 announced prefixes

Connections established 1; dropped 0
Local host: 1.1.1.1, Local port: 33537
Foreign host: 3.3.3.3, Foreign port: 179
Nexthop: 1.1.1.1
Nexthop global:

Nexthop local:
BGP connection: non shared network

BGP neighbor is 2001::2, vrf IPI, remote AS 200, local AS 100, external link
BGP version 4, local router ID 77.77.77.77, remote router ID 44.44.44.44
BGP state = Established, up for 00:16:19
Last read 00:00:10, hold time is 90, keepalive interval is 30 seconds
Neighbor capabilities:

Route refresh: advertised and received (old and new)
Address family IPv6 Unicast: advertised and received
Received 42 messages, 0 notifications, 0 in queue
Sent 42 messages, 0 notifications, 0 in gqueue
Route refresh request: received 0, sent 0
Minimum time between advertisement runs is 30 seconds
For address family: IPv6 Unicast
BGP table version 1, neighbor version 1
Index 0, Offset 0, Mask 0Ox1
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Community attribute sent to this neighbor (standard)
2 accepted prefixes
3 announced prefixes

Connections established 1; dropped 0
Local host: 2001::1, Local port: 34776
Foreign host: 2001::2, Foreign port: 179
Nexthop: 77.77.77.77
Nexthop global: 2001::1
Nexthop local: fe80::5054:ff:fe29:189d
BGP connection: shared network

P1
Pl#show mpls forwarding-table

Codes: > - installed FTN, * - selected FTN, p - stale FTN,
B - BGP FTN, K - CLI FTN, t - tunnel
L - LDP FTN, R - RSVP-TE FTN, S - SNMP FTN, I - IGP-Shortcut,
U - unknown FTN, O - SR-OSPF FTN, i - SR-ISIS FTN, k - SR-CLI FTN
Code FEC FTN-ID Tunnel-id Pri LSP-Type Out-Label
Intf Nexthop
L> 1.1.1.1/32 1 0 Yes LSP_DEFAULT 3 xe2
20.10.10.1
L>  3.3.3.3/32 2 0 Yes LSP_DEFAULT 3 xel
20.10.20.2
Pl#show mpls ilm-table
Codes: > - installed ILM, * - selected ILM, p - stale ILM
K - CLI ILM, T - MPLS-TP, S - Stitched ILM
S - SNMP, L - LDP, R - RSVP, C - CRLDP
B-BGP , K- CLI , V- LDP VC, I - IGP_SHORTCUT
O - OSPF/OSPF6 SR, i - ISIS SR, k - SR CLI
U - unknown
Code FEC/VRF ILM-ID In-Label Out-Label In-Intf Out-Intf
Nexthop LSP-Type
R> 1.1.1.1/32 2 24321 24960 N/A xel
20.10.10.1 ELSP_CONFIG
R> 3.3.3.3/32 1 24320 24960 N/A xe2
20.10.20.2 ELSP_CONFIG
L> 1.1.1.1/32 4 24961 3 N/A xel
20.10.10.1 LSP DEFAULT
L> 3.3.3.3/32 5 24960 3 N/A xe2
20.10.20.2 LSP DEFAULT
Pl#show ip ospf neighbor
Total number of full neighbors: 2
OSPF process 100 VRF (default):
Neighbor ID Pri State Dead Time Address Interface

Instance ID

Out-
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1.1.1.1 1 Full/Backup 00:00:31 20.10.10.1 xel 0
3.3.3.3 1 Full/DR 00:00:32 20.10.20.2 xe2 0
PE2

PE2#show ipv6 route vrf IPI

IPv6 Routing Table

Codes: K - kernel route, C - connected, S - static, R - RIP, O - OSPF,
IA - OSPF inter area, E1 - OSPF external type 1,
E2 - OSPF external type 2, E - EVPN NIl - OSPF NSSA external type 1,
N2 - OSPF NSSA external type 2, I - IS-IS, B - BGP

Timers: Uptime

IP Route Table for VRF "IPI"

C ::1/128 via ::, lo.IPI, 00:24:23

C 3001::/64 via ::, xel, 00:24:22

B 3ffe::/64 [20/0] via fe80::3617:ebff:fele:1201, xel, 00:05:28
C fe80::/64 via ::, xel, 00:24:22

PE2#show ip bgp summary vrf all

BGP router identifier 55.55.55.55, local AS number 100
BGP VREF IPI Route Distinguisher: 1:100

BGP table version is 1

3 BGP AS-PATH entries

0 BGP community entries

Neighbor V. AS  MsgRcv MsgSen TblVer InQ OutQ Up/Down  State/
PfxRcd

3001::2 4 300 116 181 1 0 0 00:22:05

0

Total number of neighbors 1

Total number of Established sessions 1

BGP router identifier 3.3.3.3, local AS number 100
BGP table version is 1

3 BGP AS-PATH entries

0 BGP community entries

Neighbor V. AS  MsgRcv MsgSen TblVer InQ OutQ Up/Down  State/
PfxRcd

1.1.1.1 4 100 65 66 1 0 0 00:26:21

0

Total number of neighbors 1

Total number of Established sessions 1

PE2#show mpls forwarding-table
Codes: > - installed FTN, * - selected FTN, p - stale FTN,
B - BGP FTN, K - CLI FTN, t - tunnel
L - LDP FTN, R - RSVP-TE FTN, S - SNMP FTN, I - IGP-Shortcut,
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U - unknown FTN, O - SR-OSPF FTN, i - SR-ISIS FTN, k - SR-CLI FTN

Code FEC FTN-ID Tunnel-id Pri LSP-Type Out-Label Out-
Intf Nexthop
R(t)> 1.1.1.1/32 1 5001 Yes LSP DEFAULT 24321 xe2
20.10.20.1

L 1.1.1.1/32 2 0 Yes  LSP_DEFAULT 24961 xe?2
20.10.20.1

L> 2.2.2.2/32 3 0 Yes LSP_DEFAULT 3 xe2
20.10.20.1

L> 20.10.10.0/24 4 0 Yes LSP_DEFAULT 3 xe2
20.10.20.1

PE2#show rsvp session
Type : PRI - Primary, SEC - Secondary, DTR - Detour, BPS - Bypass

State : UP - Up, DN - Down, BU - Backup in Use, SU - Secondary in Use, FS - Forced to
Secondary

* indicates the session is active with local repair at one or more nodes

Ingress RSVP:

To From Type LSPName State Uptime Rt
Style Labelin Labelout DSType

1.1.1.1 3.3.3.3 PRI toPEl-Primary UP 00:23:21 1
1 SE - 24321 DEFAULT

Total 1 displayed, Up 1, Down O.

Egress RSVP:

To From Type LSPName State Uptime Rt
Style Labelin Labelout DSType

3.3.3.3 1.1.1.1 PRI toPE2-Primary UP 00:23:33 1
1 SE 24960 - ELSP CON

Total 1 displayed, Up 1, Down O.

PE2#show mpls ilm-table
Codes: > - installed ILM, * - selected ILM, p - stale ILM
K - CLI ILM, T - MPLS-TP, S - Stitched ILM

s - SNMP, L - LDP, R - RSVP, C - CRLDP
B-BGP , K-CLI , V- LDP VC, T - IGP SHORTCUT
O - OSPF/OSPF6 SR, i - ISIS SR, k - SR CLI
U - unknown
Code FEC/VRF ILM-ID In-Label Out-Label In-Intf Out-Intf
Nexthop LSP-Type
B> 3ffe::/64 3 24321 N/A N/A xel
fe80::3617:ebff:fele:1201 LSP DEFAULT
B> 3001::/64 2 24320 N/A N/A xel
LSP DEFAULT
R> 3.3.3.3/32 1 24960 N/A N/A N/A
127.0.0.1 ELSP _CONFIG

PE2#show ip bgp neighbors

BGP neighbor is 1.1.1.1, remote AS 100, local AS 100, internal link
BGP version 4, local router ID 3.3.3.3, remote router ID 1.1.1.1
BGP state = Established, up for 00:23:39
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Last read 00:00:27, hold time is 90, keepalive interval is 30 seconds
Neighbor capabilities:
Route refresh: advertised and received (old and new)
Address family IPv4 Unicast: advertised and received
Address family VPNv6 Unicast: advertised and received
Received 58 messages, 0 notifications, 0 in queue
Sent 60 messages, 0 notifications, 0 in queue
Route refresh request: received 0, sent O
Minimum time between advertisement runs is 5 seconds
Update source is 1lo
For address family: IPv4 Unicast
BGP table version 1, neighbor version 1
Index 1, Offset 0, Mask 0x2
Community attribute sent to this neighbor (both)
0 accepted prefixes
0 announced prefixes

For address family: VPNv6 Unicast

BGP table version 4, neighbor version 4

Index 1, Offset 0, Mask 0x2

Community attribute sent to this neighbor (both)
2 accepted prefixes

2 announced prefixes

Connections established 1; dropped 0
Local host: 3.3.3.3, Local port: 37145
Foreign host: 1.1.1.1, Foreign port: 179
Nexthop: 3.3.3.3
Nexthop global:

Nexthop local:
BGP connection: non shared network

BGP neighbor is 3001::2, vrf IPI, remote AS 300, local AS 100, external link
BGP version 4, local router ID 55.55.55.55, remote router ID 66.66.66.66
BGP state = Established, up for 00:19:23
Last read 00:00:05, hold time is 90, keepalive interval is 30 seconds
Neighbor capabilities:

Route refresh: advertised and received (old and new)
Address family IPv4 Unicast: advertised and received
Address family IPv6 Unicast: advertised and received
Received 110 messages, 0 notifications, 0 in queue
Sent 113 messages, 62 notifications, 0 in queue
Route refresh request: received 0, sent O
Minimum time between advertisement runs is 30 seconds
For address family: IPv4 Unicast
BGP table version 1, neighbor version 1
Index 1, Offset 0, Mask 0x2
Community attribute sent to this neighbor (standard)
0 accepted prefixes
0 announced prefixes
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For address family: IPv6 Unicast

BGP table version 1, neighbor version 1

Index 1, Offset 0, Mask 0x2

Community attribute sent to this neighbor (standard)
2 accepted prefixes

3 announced prefixes

Connections established 1; dropped 0
Local host: 3001::1, Local port: 179
Foreign host: 3001::2, Foreign port: 58741
Nexthop: 55.55.55.55
Nexthop global: 3001::1
Nexthop local: fe80::daSe:f3ff:fec9:65al
BGP connection: shared network
Last Reset: 00:19:28, due to OPEN Message Error (Notification sent)
Notification Error Message: (OPEN Message Error/Bad BGP Identifier.)

PE2#show ip bgp vpnvé all

Status codes: s suppressed, d damped, h history, * valid, > best, 1 - internal, 1 -
labeled
S Stale
Origin codes: i - IGP, e - EGP, ? - incomplete
Network Next Hop Metric LocPrf Weight Path
Route Distinguisher: 1:100 (Default for VRF IPI)
*>1 2001::/64 ::ff£f£:101:101 0 100 0
2
*>1 2ffe::/64 ::ff£f£:101:101 0 100 0
200 2
*> 1 3001::/64 - 0 100 32768 ?
* 3001::/64 3001::2(fe80::3617:ebff:fele:1201)
0 100 0 300 7
*> 1 3ffe::/64 3001::2(£fe80::3617:ebff:£fele:1201)
0 100 0 300 72
Announced routes count = 3
Accepted routes count = 2
Route Distinguisher: 1:100
*>1 2001::/64 ::ff£f£:101:101 0 100 0
2
*>1 2ffe::/64 ::fff£f:101:101 0 100 0
200 2
Announced routes count = 0
Accepted routes count = 2

PE2#show mpls ftn-table
Primary FTN entry with FEC: 1.1.1.1/32, id: 1, row status: Active

Owner: RSVP, distance: 0, Action-type: Redirect to Tunnel, Exp-bits: 0x0, Incoming
DSCP: none

Tunnel id: 5001, Protected LSP id: 2201, QoS Resource id: 2, Description: toPEl
Cross connect ix: 4, in intf: - in label: 0 out-segment ix: 3
Owner: RSVP, Persistent: No, Admin Status: Up, Oper Status: Up
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Out-segment with ix: 3, owner: RSVP, out intf: xel, out label: 24321
Nexthop addr: 20.10.20.1 cross connect ix: 4, op code: Push

Primary FTN entry with FEC: 1.1.1.1/32, id: 2, row status: Active

Owner: LDP, distance: 0, Action-type: Redirect to LSP, Exp-bits: 0x0, Incoming DSCP:
none

Tunnel id: O, Protected LSP id: 0, Description: N/A
Cross connect ix: 5, in intf: - in label: 0 out-segment ix: 4
Owner: LDP, Persistent: No, Admin Status: Down, Oper Status: Down
Out-segment with ix: 4, owner: LDP, out intf: xel, out label: 24961
Nexthop addr: 20.10.20.1 cross connect ix: 5, op code: Push

Primary FTN entry with FEC: 2.2.2.2/32, id: 3, row status: Active

Owner: LDP, distance: 0, Action-type: Redirect to LSP, Exp-bits: 0x0, Incoming DSCP:
none

Tunnel id: O, Protected LSP id: 0, Description: N/A
Cross connect ix: 6, in intf: - in label: 0 out-segment ix: 5
Owner: LDP, Persistent: No, Admin Status: Up, Oper Status: Up
Out-segment with ix: 5, owner: LDP, out intf: xel, out label: 3
Nexthop addr: 20.10.20.1 cross connect ix: 6, op code: Push

Primary FTN entry with FEC: 20.10.10.0/24, id: 4, row status: Active

Owner: LDP, distance: 0, Action-type: Redirect to LSP, Exp-bits: 0x0, Incoming DSCP:
none

Tunnel id: O, Protected LSP id: 0, Description: N/A
Cross connect ix: 6, in intf: - in label: 0 out-segment ix: 5
Owner: LDP, Persistent: No, Admin Status: Up, Oper Status: Up
Out-segment with ix: 5, owner: LDP, out intf: xel, out label: 3
Nexthop addr: 20.10.20.1 cross connect ix: 6, op code: Push

PE2#show mpls vrf-table
Output for IPv6 VRF table with id: 2
Primary FTN entry with FEC: 2001::/64, id: 1, row status: Active

Owner: BGP, distance: 0, Action-type: Redirect to Tunnel, Exp-bits: 0x0, Incoming
DSCP: none

Tunnel id: 5001, Protected LSP id: 2201, QoS Resource id: 0, Description: N/A
Cross connect ix: 3, in intf: - in label: 0 out-segment ix: 2
Owner: BGP, Persistent: No, Admin Status: Up, Oper Status: Up
Out-segment with ix: 2, owner: BGP, out intf: N/A, out label: 24320
Nexthop addr: 1.1.1.1 cross connect ix: 3, op code: Push and Lookup

Primary FTN entry with FEC: 2ffe::/64, id: 2, row status: Active

Owner: BGP, distance: 0, Action-type: Redirect to Tunnel, Exp-bits: 0x0, Incoming
DSCP: none

Tunnel id: 5001, Protected LSP id: 2201, QoS Resource id: 0, Description: N/A
Cross connect ix: 7, in intf: - in label: 0 out-segment ix: 6
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Owner: BGP, Persistent: No, Admin Status: Up, Oper Status: Up
Out-segment with ix: 6, owner: BGP, out intf: N/A, out label: 24321
Nexthop addr: 1.1.1.1 cross connect ix: 7, op code: Push and Lookup

CE2

CE2#show ipv6 route

IPv6 Routing Table

Codes: K - kernel route, C - connected, S - static, R - RIP, O - OSPF,
IA - OSPF inter area, El1 - OSPF external type 1,
E2 - OSPF external type 2, E - EVPN N1 - OSPF NSSA external type 1,
N2 - OSPF NSSA external type 2, I - IS-IS, B - BGP

Timers: Uptime

IP Route Table for VRF "default"

::1/128 via ::, lo, 00:37:26

2001::/64 [20/0] via fe80::da9e:f3ff:fec9:65al, xe2, 00:20:44
2ffe::/64 [20/0] via fe80::da9e:f3ff:fec9:65al, xe2, 00:09:52
3001::/64 via ::, xe2, 00:27:07

3ffe::/64 [1/0] via ::, xe2, 00:07:31

fe80::/64 via ::, xe2, 00:37:26

Q n Q W w Q

CE2#show ip bgp summary vrf all

BGP router identifier 66.66.66.66, local AS number 300
BGP table version is 1

3 BGP AS-PATH entries

0 BGP community entries

Neighbor \Y% AS MsgRcv MsgSen TblVer InQ OoutQ Up/Down
PfxRcd

3001::1 4 100 178 176 1 0 0 00:20:51

0

Total number of neighbors 1

Total number of Established sessions 1

State/
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cHarTER6 RSVP-TE Configuration

This chapter contains configurations for Resource Reservation Protocol - Traffic Engineering (RSVP-TE).

RSVP-TE Overview

RSVP-TE is a signaling protocol that supports explicit routing capabilities, To do this, an Explicit Route (ER) object is
incorporated into RSVP PATH messages. This object encapsulates a sequence of hops that constitute the explicitly-
routed path. Using the ER object, the paths taken by label-switched RSVP-MPLS flows can be pre-determined without
conventional IP routing. An ER path can be administratively specified or computed based on CSPF and any policy
requirements dictated by the operator through the trunk node, taking the current network state into consideration. A
useful application of explicit routing is Traffic Engineering (TE). Using explicitly-routed LSPs, an ingress node can
control the path through which traffic flows from itself, through the MPLS network, to the egress node. Explicit routing is
therefore useful for the optimization of network resources and an increase in the quality of traffic-oriented performance.

Inbound —_ MPLS Network —> g Outbound
Traffic

Sa il

(intermediate nodes) Traffic

Ingress Router Egress Router

Figure 6-7: Basic RSVP-TE Topology

RSVP-TE Architecture
RSVP-TE is a signaling protocol that supports explicit routing capabilities to establish LSPs in a MPLS network.
OcNOS RSVP-TE:

+ Creates explicitly-routed paths, which might not agree with the route suggested by the IGP (OSPF, RIP) being
used. Explicitly-routed LSPs, by definition, do not follow the paths suggested by IGPs.

*  Queries CSPF for a complete, end-to-end, explicit route based on constraints specified by the operator using
RSVP commands.

» Performs make-before-break type re-routing of tunnels. (Make-before-break is the creation of a new LSP before
the old one is torn down).

» Exchanges Hello messages to make node failures easier to detect. This means when there is no hello exchange
between routers, then other node is assumed dead or offline (except in the case when the peer is known to not
support Hellos).

* Provides statistical information of RSVP messages exchanged.

In addition, OcNOS RSVP-TE may be used in unison with BGP to generate MPLS/BGP VPNSs, and in unison with LDP
to generate Layer-2 Virtual Circuits.
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Configure RSVP-TE

Note: The following configuration for establishing a trunk is required on all routers participating in label-switching.
Based on the assumption that minimal configurations exist on all participating routers, other examples do not

repeat this configuration.

Enable Label Switching - Minimal Configuration

To establish a trunk on a system:

1. Enable label-switching and RSVP-TE on all participating interfaces.

2. Configure a trunk on the ingress router to use the best available IGP path.

In this example, the Label Switched Path (LSP) is configured using minimal configuration and is setup using the
best IP nexthop available. Each router along the path is chosen by the previous router by looking up the best

nexthop available in its IP routing table.

192.168.0.63

u—rlnnmxé

xel 11010 23.63/24
10.10 23.60/24

192.168.0.60 192.168.0.90

__ xel —{\!-

/1010 21 60/24 ¢ ) xe2
10.10.21.90/24

Figure 6-8: Topology for Minimal Configuration

PE1 - NSM

#configure terminal

Enter configure mode.

(config) #interface lo

Enter interface mode.

(config-if)#ip address 192.168.0.63/32
secondary

Set the IP address for the interface.

config-if) #fexit

Exit interface mode.

config) #interface xe2

Enter interface mode.

Set the IP address for the interface.

config-if) #label-switching

Enable label switching on interface xe?2.

(
(
(config-if) #ip address 10.10.23.63/24
(
(

config-if) #commit

Commit the transaction.

PE1 - RSVP-TE

config) #router rsvp

Enter Configure Router mode.

config-router) #exit

Exit Router mode.

Enter interface mode.

config-if) #enable-rsvp

Enable RSVP message exchange on this interface.

(
(
(config) #interface xe2
(
(

config-if) #commit

Commit the transaction.
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PE1 - OSPF

fconfigure terminal

Enter configure mode.

(config) #router ospf 100

Configure the Routing process and specify the Process ID
(100) . The Process ID should be a unique positive
integer identifying the routing process.

(config-router) #router-id 192.168.0.63

Configure OSPF router-ID same as loopback interface IP
address

(config-router) fnetwork 10.10.23.0/24 area 0

Define the network (10.10.23.0/24) on which OSPF
runs and associate the area ID (0) .

(config-router) #network 192.168.0.63/32 area
0

Set the IP address of the loopback interface to
192.168.0.63/32.

(config-router) #commit

Commit the transaction.

P - NSM

fconfigure terminal

Enter configure mode.

(config) #interface lo

Enter interface mode.

(config-if) #ip address 192.168.0.60/32
secondary

Set the IP address for the interface.

config-if) #exit

Enable label switching on interface 1o.

config) #interface xe2

Enter interface mode.

config-if)#ip address 10.10.23.60/24

Set the IP address for the interface.

config-if)#label-switching

Enable label switching on interface xe?2.

Exit interface mode.

config) #interface xel

Enter interface mode.

config-if)#ip address 10.10.21.60/24

Set the IP address for the interface.

config-if) #label-switching

Enable label switching on interface xel.

(
(
(
(
(config-if) ffexit
(
(
(
(

config-if) #fcommit

Commit the transaction.

P - RSVP-TE

config) #router rsvp

Enter Configure Router mode.

config-router) #fexit

Exit Router mode.

config) #interface xe2

Enter interface mode.

config-if) #enable-rsvp

Enable RSVP message exchange on this interface.

Exit interface mode.

config) #interface xel

Enter interface mode.

config-if) #enable-rsvp

Enable RSVP message exchange on this interface.

(
(
(
(
(config-if) #exit
(
(
(

config-if) #fcommit

Commit the transaction.
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P - OSPF

fconfigure terminal

Enter configure mode.

(config) #router ospf 100

Configure the Routing process and specify the Process ID
(100) . The Process ID should be a unique positive
integer identifying the routing process.

(config-router) #router-id 192.168.0.60

Configure OSPF router-ID same as loopback interface IP
address

(config-router) #network 10.10.23.0/24 area 0

Define the first network (10.10.23.0/24) on which
OSPF runs and associate the area ID (0) .

(config-router) #fnetwork 10.10.21.0/24 area 0

Define the second network (10.10.21.0/24) on which
OSPF runs and associate the area ID (0).

(config-router) #network 192.168.0.60/32 area
0

Set the IP address of the loopback interface to
192.168.0.63/32.

(config-router) #commit

Commit the transaction.

PE2 - NSM

#configure terminal

Enter configure mode.

(config) #interface 1lo

Enter interface mode.

(config-if) #ip address 192.168.0.90/32
secondary

Set the IP address for the interface.

(config-if) #exit

Exit interface mode.

(config) #interface xel

Enter interface mode.

(config-if) #ip address 10.10.21.90/24

Set the IP address for the interface.

(config-if) #label-switching

Enable label switching on interface xe2.

(config-if) #commit

Commit the transaction.

PE2 - RSVP-TE

config) #router rsvp

Enter Configure Router mode.

config-router) fexit

Exit Router mode.

Enter interface mode.

config-if) #enable-rsvp

Enable RSVP message exchange on this interface.

(
(
(config) #interface xel
(
(

config-if) #commit

Commit the transaction.

PE2 - OSPF

#configure terminal

Enter configure mode.

(config) #router ospf 100

Configure the Routing process and specify the Process ID
(100) . The Process ID should be a unique positive
integer identifying the routing process.

(config-router) #router-id 192.168.0.90

Configure OSPF router-ID same as loopback interface IP
address
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(config-router) #network 10.10.21.0/24 area 0 Define the network (10.10.21.0/24) on which OSPF
runs and associate the area ID (0).

(config-router) #network 192.168.0.90/32 area Setthe IP address of the loopback interface to
0 192.168.0.63/32.

(config-router) #commit Commit the transaction.

Establish a Trunk with CSPF Disabled

OcNOS, Constrained Shortest Path First (CSPF) calculation is enabled by default. Typically, CSPF is disabled when all
of the participating nodes do not support the required traffic engineering extensions and LSPs are configured manually
to use an explicit path. In this case, an LSP is established only along the path specified by the operator.

Note: This example is based on the assumption that a minimal configuration exists on all participating routers as
described in Enable Label Switching - Minimal Configuration.

Topology

192.168.0.63 192.168.0.60 192.168.0.90

. -

xel [ J10.10.23.63/24 : (1010 21.60/24 J xe2
10.10 23.60/24 10.10.21.90/24

Figure 6-9: Basic Topology

PE1 - RSVP-TE

#configure terminal Enter configure mode.

(config) #rsvp-trunk T1 Create an RSVP trunk T1 and enter the Trunk mode.

(config-trunk) #no primary cspf Specify no primary cspf since CSPF is enabled
by default.

(config-trunk) #to 192.168.0.90 Specify the IPv4 egress (destination point) for the LSP.

(config-trunk) #commit Commit the transaction.

Establish a Trunk Using CSPF

The RSVP trunk can be configured using CSPF (Constraint-based Shortest Path First). In this case, the RSVP daemon
(rsvpd) sends a request to the CSPF server to compute a path through the network to reach the destination. CSPF
returns a hop-by-hop path called the Explicit Route to the RSVP daemon to be used in the Explicit Route Object (ERO).
Each router along the path sends a Path message only to the nexthop specified in the ERO. In the OcNOS
implementation, CSPF is enabled by default and if no cspf is not specified, the trunk is CSPF enabled automatically.

Note: This example is based on the assumption that a minimal configuration exists on all participating routers as
described in Enable Label Switching - Minimal Configuration.

PE1 (RSVP Daemon)

#fconfigure terminal Enter configure mode.

(config) #rsvp-trunk T1 Create an RSVP trunk T1 and enter the Trunk mode.
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(config-trunk) #to 192.168.0.90 Specify the IPv4 egress (destination point) for the LSP.

(config-trunk) #commit Commit the transaction.

Mapping a Route to a Trunk

In the OcNOS implementation, a network can be mapped to a particular trunk using map-route configuration.

Note: This example is based on the assumption that a minimal configuration exists on all participating routers. For
configuration details, refer to the “Establishing a Trunk - Minimal Configuration” section.

Topology

.........
......

192 168.0.63 192 168.0.60 192168.0.90 “-.

=

—_ e e S e i e XE2 t

- xel 10.10.23.63 10.10.21.60 90.90.90.90/24 :
- xe2 xe -
- 10.10.23.60 10.10.21.890 -

------------

Figure 6-10: Topology for route mapping

PE1 - RSVP-TE

#fconfigure terminal Enter configure mode.

(config) #router rsvp Enable RSVP globally.

(config-router) #rsvp-path PE2 Configure RSVP path.

(config-path) #rsvp-trunk T1 Create an RSVP trunk T1 and enter the Trunk mode.
(config-trunk) #map-route 90.90.90.0/24 Specify the destination prefix that needs to mapped to this trunk.
(config-trunk) #to 192.168.0.90 Specify the IPv4 egress (destination point) for the LSP.
(config-trunk) #commit Commit the transaction.

Establish a Trunk Using Explicitly-Defined Path

Explicit Route hops can be configured manually in the trunk configuration. In this case, the RSVP daemon uses the
configured hops as Explicit Route Objects (ERO). It sets up the LSP using specified hops only.

An ERO is composed of IP addresses called hops. An ERO hop can be defined as loose or strict. A loose hop can be
reached by any available route. A strict hop must be reached via a direct link and cannot be routed over any alternate
routers in between. In this example, since PE3 is defined as loose hop, P can use P2 as an intermediate hop to reach
PE2. However, if it was a strict hop, then P would have to use interface xe1 to reach PE3 directly.

Note: This example is based on the assumption that a minimal configuration exists on all participating routers as
described in Enable Label Switching - Minimal Configuration.
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Topology
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Figure 6-11: Topology for Explicitly Defined Path

PE1 - RSVP-Path

#configure terminal

Enter configure mode.

confiqg) #rsvp-path P1

Create an RSVP Path P1 and enter the Path mode.

config-path) #10.10.23.60 strict

Configure this explicit route path as a strict hop.

Configure this explicit route path as a 1oose hop.

(
(
(config-path)#10.10.21.90 loose
(config-path) #exit

Exit Path mode.

fconfigure terminal

Enter configure mode.

(config) #rsvp-trunk T1

Create an RSVP trunk T1 and enter the Trunk mode.

(config-trunk) #no primary cspf

Since CSPF is enabled by default, specify no primary

cspf if CSPF is not required.

(config-trunk) #primary path P1 Configure trunk T1 to use the defined path.

(config-trunk) #to 192.168.0.90 Specify the IPv4 egress (destination point) for the LSP.

(config-trunk) #commit Commit the transaction

Validation
PEl#show rsvp session
Type : PRI - Primary, SEC - Secondary, DTR - Detour, BPS - Bypass

State : UP - Up, DN - Down, BU - Backup in Use, SU - Secondary in Use, FS - Forced to
Secondary

* indicates the session is active with local repair at one or more nodes
(P) indicates the secondary-priority session is acting as primary

Ingress RSVP:

To From Type LSPName State Uptime Rt
Style Labelin Labelout DSType

192.168.0.90 192.168.0.63 PRI Tl-Primary Up 00:00:16
1 1 SE - 24320 DEFAULT

Total 1 displayed, Up 1, Down O.

PE2#show rsvp session
Type : PRI - Primary, SEC - Secondary, DTR - Detour, BPS - Bypass
State : UP - Up, DN - Down, BU - Backup in Use, SU - Secondary in Use, FS - Forced to
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ondary
* indicates the session is active with local repair at one or more nodes
(P) indicates the secondary-priority session is acting as primary

Egress RSVP:

To From Type LSPName State Uptime Rt Style Labelin Labelout DSType
192.168.0.90 192.168.0.63 PRI Tl-Primary UP 00:00:33 1 1 SE 25600 -
ELSP_CON

Total 1 displayed, Up 1, Down 0. PEl#show ip ospf neighbor

Total number of full neighbors: 1 OSPF process 100 VRF (default):

Neighbor ID Pri State Dead Time Address Interface Instance ID
192.168.0.60 1 Full/Backup 00:00:30 10.10.23.60 xe2 0

Pl#show ip ospf neighbor

Total number of full neighbors: 2 OSPF process 100 VRF (default):

Neighbor ID Pri State Dead Time Address Interface Instance ID
192.168.0.90 1 Full/Backup 00:00:35 10.10.21.90 xe8 0
192.168.0.63 1 Full/DR 00:00:36 10.10.23.63 xe2 0

PE2#show ip ospf neighbor

Total number of full neighbors: 1 OSPF process 100 VRF (default):
Neighbor ID Pri State Dead Time Address Interface Instance ID
192.168.0.60 1 Full/DR 00:00:32 10.10.21.60 xe8 0

Add a Secondary LSP to the Trunk

Although the attributes of a Secondary LSP are independent of the Primary LSP, a Secondary LSP cannot be
configured without first configuring a Primary LSP. In addition to information on how to configure a secondary LSP, this
example illustrates how to define a non-default setup and the hold priority for an LSP. Setup and hold priorities are
used to determine which LSP should be given a preference when competing for resources. Specifically, the setup
priority of an un-established LSP is compared to the hold priorities of established LSPs, and the numerically lower one
is given a preference. However, once the LSP is established, its setup priority is never used until it is pre-empted or
reset and is being brought up again.

Note: This example is based on the assumption that a minimal configuration exists on all participating routers as
described in Enable Label Switching - Minimal Configuration.

Note: If user provides the RSVP path option for secondary, the primary path exclusion logic gets disabled. User
needs to keep primary and secondary path mutually exclusive. Else, RSVP-Primary LSP and RSVP-
Secondary LSP may select the same next hop, when RSVP is configured with "loose". Hence RSVP-Path first
next-hop should be "strict".

PE1 - RSVP-TE

#configure terminal Enter configure mode.

(config) #rsvp-path myPath Specify an RSVP path to be used.
(config-path)#10.10.23.60 strict Configure this explicit route path as a strict hop.
(config-path) #exit Exit Path mode.

(config) #rsvp-path myPath2 Specify an RSVP path to be used.
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config-path)#10.10.23.60 loose

Configure this explicit route path as a 1oose hop.

config-path) #fexit

Exit Path mode.

config) #rsvp-trunk T1

Create an RSVP trunk T1 and enter the Trunk mode.

(
(
(
(

config-trunk) #no primary cspf

Since CSPF is enabled by default, specify no
secondary cspf if CSPF is not required.

(config-trunk) #primary path myPath

Specify an RSVP path to be used.

(config-trunk) #no secondary cspf

Specify the no secondary cspf option for the
Secondary LSP.

(config-trunk) #secondary path myPath2

Specify an RSVP path to be used.

(config-trunk) #to 192.168.0.90

Specify the IPv4 egress (destination point) for the LSP.

(config-trunk) #commit

Commit the transaction.

Validation

This example shows the number of configured RSVP sessions in a router.

PE1

#show rsvp session count
Total configured: 1, Up 1, Down O

Total ingress sessions: 1, Up 1, Down O
Total transit sessions: 0, Up 0, Down O
Total egress sessions: 0, Up 0, Down O

PE2

#show rsvp session count
Total configured: 1, Up 1, Down O

Total ingress sessions: 0, Up 0, Down O
Total transit sessions: 0, Up 0, Down O
Total egress sessions: 1, Up 1, Down O

Add Multiple Secondary LSP to the trunk

RSVP Multiple Secondary feature tries to provide continuous protection when multiple failures happen. In majority
scenarios, feature tries to provide seamless protection. This is a proprietary feature where user can configure multiple
secondary sessions in a rsvp-trunk. Each secondary will be associated with a priority. Priority secondary sessions must
be programmed with a predefined path. User can configure a maximum of five priority levels. Lowest priority number
corresponds to highest priority. Highest priority session will be signaled to be programmed as secondary session. If
highest priority session cannot come up, then next available secondary will be selected based on polling. During
primary session fail-over, programmed secondary priority session will protect the primary and then goes for an MBB
update to act as the primary session until primary comes up. Once the highest priority session comes up as acting
primary session, next available secondary priority session will be programmed to signal and come up secondary. Re-
optimization timer executed once in every 5 minutes to ensure the best priority session serves as secondary.
Configuration updates on secondary priority configurations doesn't trigger MBB and session will be restarted. This
example illustrates how to create SVI, enable IGP protocols and RSVP on SVI.

Note: Ensure that the VLAN is configured before creating SVI.
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Figure 6-12: Topology for Multiple Secondary Protection

Bridge Configuration

bridge 1 protocol ieee vlan-bridge

no bridge 1 spanning-tree enable bridge-forward

VLAN creation

vlan database
vlan 2-7 Dbridge 1 state enable
vlan 501-506 bridge 1 state enable

PE1

#configure terminal

Enter configure mode.

(config) #interface lo

Enter interface mode

(config-if) #ip address 47.47.47.47/32
secondary

Set the secondary IP address for the lo interface

config-if) #fexit

Exit interface mode.

config) #router rsvp

Enable RSVP globally.

config-router) #fexit

Exit RSVP mode.

config) #interface vlanl.2

Enter the interface mode.

config-if)#ip address 10.10.23.1/24

Configure the IP Address

config-if) #mtu 1600

Configure MTU size.

config-if) #label-switching

Enable MPLS.

Enable OSPF point-to-point network type.

config-if) #enable-rsvp

Enable RSVP at the interface level.

config-if) #fexit

Exit the interface mode.

config)#interface vlanl.3

Enter the interface mode.

config-if) #ip address 10.10.24.1/24

Configure the IP Address

config-if) #mtu 1600

Configure MTU size.

(
(
(
(
(
(
(
(config-if) #ip ospf network point-to-point
(
(
(
(
(
(

config-if)#label-switching

Enable MPLS.
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config-if) #ip ospf network point-to-point

Enable OSPF point-to-point network type.

config-if) #enable-rsvp

Enable RSVP at the interface level.

config-if) #exit

Exit the interface mode.

config) #interface vlanl.4

Enter the interface mode.

config-if) #ip address 10.10.25.1/24

Configure the IP Address

config-if) #mtu 1600

Configure MTU size.

config-if) #label-switching

Enable MPLS.

config-if) #ip ospf network point-to-point

Enable OSPF point-to-point network type.

config-if) #enable-rsvp

Enable RSVP at the interface level.

)
)
)
)
)
)

config-if) #exit

Exit the interface mode.

config) #interface vlanl.5

Enter the interface mode.

config-if)#ip address 10.10.26.1/24

Configure the IP Address

config-if) #mtu 1600

Configure MTU size.

Enable MPLS.

config-if)#ip ospf network point-to-point

Enable OSPF point-to-point network type.

config-if) #enable-rsvp

Enable RSVP at the interface level.

)
)
config-if) #label-switching
)
)
)

config-if) #fexit

Exit the interface mode.

config)#interface vlanl.6

Enter the interface mode.

Configure the IP Address

config-if) #mtu 1600

Configure MTU size.

config-if) #label-switching

Enable MPLS.

config-if) #ip ospf network point-to-point

Enable OSPF point-to-point network type.

config-if) #enable-rsvp

Enable RSVP at the interface level.

config-if) #fexit

Exit the interface mode.

config) #interface vlanl.7

Enter the interface mode.

config-if) #ip address 10.10.28.1/24

Configure the IP Address

config-if) #mtu 1600

Configure MTU size.

config-if) #label-switching

Enable MPLS.

config-if)#ip ospf network point-to-point

Enable OSPF point-to-point network type.

config-if) #enable-rsvp

Enable RSVP at the interface level.

config-if) #fexit

Exit the interface mode.

config) #interface xe2

Enter the interface mode.

config-if) #switchport

Configure Switchport

config-if) #bridge-group 1

Assign a Bridge ID to the port channel

config-if) #switchport mode trunk

Configure trunk

config-if) #switchport trunk allowed vlan add

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(config-if) #ip address 10.10.27.1/24
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
2,

501

Configure allowed VLANs

config-if) #switchport trunk native vlan 501

Configure native VLAN.

config-if) #load-interval 30

Set load interval

Configure the MTU Size.

(
(
(config—-if) #mtu 9192
(

config-if) #fexit

Exit the interface mode.
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config) #interface xe3

Enter the interface mode.

config-if) #switchport

Configure Switchport

config-if) #bridge-group 1

Assign a Bridge ID to the port channel

Configure trunk

(

( )

( )

(config-if) #switchport mode trunk
( )

3,

config-if) #switchport trunk allowed vlan add
502

Configure allowed VLANs

config-if) #switchport trunk native vlan 502

Configure native VLAN.

config-if) #load-interval 30

Set load interval

Configure the MTU Size.

)

)
config-if) #mtu 9192

)

config-if) #exit

Exit the interface mode.

config) #interface xed

Enter the interface mode.

Configure Switchport

Assign a Bridge ID to the port channel

config-if) #switchport mode trunk

Configure trunk

)

config-if) #bridge-group 1
)
)

config-if) #switchport trunk allowed vlan add

(

(

(

(

(

(config-if) #switchport
(

(

(

4,503

Configure allowed VLANs

config-if) #switchport trunk native vlan 503

Configure native VLAN.

config-if)#load-interval 30

Set load interval

config-if) #mtu 9192

Configure the MTU Size.

)
)
)
)

config-if) #fexit

Exit the interface mode.

config) #interface xeb

Enter the interface mode.

Configure Switchport

config-if) #bridge-group 1

Assign a Bridge ID to the port channel

config-if) #switchport mode trunk

Configure trunk

config-if) #switchport trunk allowed vlan add

(

(

(

(

(

(config-if) #switchport
(

(

(

5,504

Configure allowed VLANs

config-if) #switchport trunk native vlan 504

Configure native VLAN.

config-if)#load-interval 30

Set load interval

config-if) #mtu 9192

Configure the MTU Size.

config-if) #fexit

Exit the interface mode.

config) #interface xe6

Enter the interface mode.

Configure Switchport

config-if) #bridge-group 1

Assign a Bridge ID to the port channel

config-if) #switchport mode trunk

Configure trunk

config-if) #switchport trunk allowed vlan add

(

(

(

(

(

(config-if) #switchport
(

(

(

6,505

Configure allowed VLANs

config-if) #switchport trunk native vlan 505

Configure native VLAN.

config-if) #load-interval 30

Set load interval

config-if) #mtu 9192

Configure the MTU Size.

config-if) #fexit

Exit the interface mode.

config) #interface xe7

Enter the interface mode.

(
(
(
(
(
(

config-if) #switchport

Configure Switchport
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config-if) #bridge-group 1

Assign a Bridge ID to the port channel

config-if) #switchport mode trunk

Configure trunk

(
(
(config-if) #switchport trunk allowed vlan add
7,506

Configure allowed VLANs

config-if) #switchport trunk native vlan 506

Configure native VLAN.

config-if)#load-interval 30

Set load interval

config-if) #mtu 9192

Configure the MTU Size.

)
)
)
)

config-if) #exit

Exit the interface mode.

conf) #rsvp-path pl-rl-r3 mpls

Create RSVP path

conf-path) #10.10.23.2 strict

Configure nexthop

conf-path)#10.10.21.2 strict

Configure nexthop

conf) #rsvp-path spl-rl-r3 mpls

Create RSVP path

conf-path) #10.10.24.2 strict

Configure nexthop

conf-path) #10.10.22.2 strict

Configure nexthop

conf) #rsvp-path sp2-rl-r3 mpls

Create RSVP path

Configure nexthop

conf-path) #10.10.29.2 strict

Configure nexthop

conf) #rsvp-path sp3-rl-r3 mpls

Create RSVP path

conf-path) #10.10.26.2 strict

Configure nexthop

conf-path) #10.10.30.2 strict

Configure nexthop

conf) #rsvp-path sp4-rl-r3 mpls

Create RSVP path

conf-path) #10.10.27.2 strict

Configure nexthop

conf-path) #10.10.31.2 strict

Configure nexthop

conf) #rsvp-path sp5-rl-r3 mpls

Create RSVP path

conf-path) #10.10.28.2 strict

Configure nexthop

conf-path)#10.10.32.2 strict

Configure nexthop

conf) #rsvp-trunk 47-49-test ipv4

Create a RSVP trunk link

(
(
(
(
(
(
(
(
(
(
(
(conf-path)#10.10.25.2 strict
(
(
(
(
(
(
(
(
(
(
(
(

conf-trunk) #primary path pl-rl-r3

Configure primary path for trunk link

(conf-trunk) #secondary-priority 1 path spl-
rl-r3

Configure secondary link for trunk link

(conf-trunk) #secondary-priority 2 path sp2-
rl-r3

Configure secondary link for trunk link

(conf-trunk) #secondary-priority 3 path sp3-
rl-r3

Configure secondary link for trunk link

(conf-trunk) #secondary-priority 4 path spé-
rl-r3

Configure secondary link for trunk link

(conf-trunk) #secondary-priority 5 path sp5-
rl-r3

Configure secondary link for trunk link

(conf-trunk) #to 49.49.49.49

Configure remote node for the LSP

(config-trunk) #commit

Commit the transaction.
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OSPF configurations

fconfigure terminal

Enter configure mode.

(config) #router ospf 100

Configure the Routing process and specify the Process ID
(100). The Process ID should be a unique positive integer
identifying the routing process.

(config-router) #ospf router-id 47.47.47.47

Configure OSPF router-ID same as loopback interface IP
address

(config-router) #fnetwork 10.10.23.0/24 area

Define the network on which OSPF runs and associate the
area ID

Define the network on which OSPF runs and associate the

(config-router) fnetwork 10.10.24.0/24 area
area ID

(config-router) #network 10.10.25.0/24 area Define the network on which OSPF runs and associate the
area ID

(config-router) #fnetwork 10.10.26.0/24 area Define the network on which OSPF runs and associate the
area ID

(config-router) fnetwork 10.10.27.0/24 area Define the network on which OSPF runs and associate the
area ID

(config-router) #network 10.10.28.0/24 area Define the network on which OSPF runs and associate the
area ID

(config-router) #network 47.47.47.47/32 area Define the network on which OSPF runs and associate the

0

area ID

(config-router) #commit

Commit the transaction.

Validation

This example shows the number of configured RSVP sessions in a router.

PE1

#show rsvp session

Type : PRI - Primary, SEC - Secondary,
State : UP - Up, DN - Down,

Secondary

DTR - Detour, BPS - Bypass

BU - Backup in Use, SU - Secondary in Use, FS - Forced to

* indicates the session is active with local repair at one or more nodes

(P) indicates the secondary-priority session is acting as primary

Ingress RSVP:

To From Type
Style Labelin Labelout DSType
49.49.49.49 47.47.47.47 PRI

1 1 SE - 24961 DEFAULT
49.49.49.49 47.47.47.47 SEC

1 1 SE - 24962 DEFAULT
Total 2 displayed, Up 2, Down O.
Egress RSVP:

To From Type
Style Labelin Labelout DSType

LSPName State Uptime Rt
47-49-test-Primary UP 00:32:35
47-49-test-Secondary-Priority-1 UP 00:32:35

LSPName State Uptime Rt
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47.47.47.47 49.49.49.49 PRI 49-47-test-Primary Up 00:32:53
1 1 SE 24964 - ELSP_CON
47.47.47.47 49.49.49.49 PRI 49-47-test-Secondary-Priority-1 UP 00:32:47
1 1 SE 24962 - ELSP_CON

Total 2 displayed, Up 2, Down O.

#show rsvp trunk multi-sec-detail
Ingress (Secondary-Priorityl)
49.49.49.49
From: 47.47.47.47, LSPstate: Up, LSPname: 47-49-test-Secondary-Priority-1
Ingress FSM state: Operational
Establishment Time: 0Os 253ms
Setup priority: 7, Hold priority: O
CSPF usage: Enabled, CSPF Retry Count: 0, CSPF Retry Interval: 30 seconds
LSP Re-Optimization: Disabled, Re-Optimization Timer: NA, Cspf Client: OSPF
IGP-Shortcut: Disabled, LSP metric: 3
LSP Protection: None
Label in: -, Label out: 24962,
Tspec rate: 0, Fspec rate: 0
Policer: Not Configured
Tunnel Id: 5001, LSP Id: 2219, Ext-Tunnel Id: 47.47.47.47
Downstream: 47.46.3.2, vlanl.1003
Path refresh: 30 seconds (RR enabled) (due in 27970 seconds)
Resv lifetime: 157 seconds (due in 138 seconds)
Retry count: 0, intrvl: 30 seconds
RRO re-use as ERO: Disabled
Label Recording: Disabled
Admin Groups: none
Configured Path: SP1-47-49 (in use)
Configured Explicit Route Detail
47.46.3.2/32 strict
46.45.9.2/32 strict
45.49.24.2/32 strict
Session Explicit Route Detail
47.46.3.2/32 strict
46.45.9.2/32 strict
45.49.24.2/32 strict
Record route:

<self>
47.46.3.2
46.45.9.2
45.49.24.2
Style: Shared Explicit Filter
Traffic type: controlled-load
Minimum Path MTU: 9216
Last Recorded Error Code: None
Last Recorded Error Value: None
Node where Last Recorded Error originated: None
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Trunk Type: mpls
Ingress (Secondary-Priority2)
49.49.49.49
From: 47.47.47.47, LSPstate: Dn, LSPname: 47-49-test-Secondary-Priority-2
Ingress FSM state: Idle
Setup priority: 7, Hold priority: O
CSPF usage: Enabled, CSPF Retry Count: 0, CSPF Retry Interval: 30 seconds
LSP Re-Optimization: Disabled, Re-Optimization Timer: NA, Cspf Client: NA
IGP-Shortcut: Disabled, LSP metric: 3
LSP Protection: None
Label in: -, Label out: -,
Tspec rate: 0, Fspec rate: 0
Policer: Not Configured
Tunnel Id: 5001, LSP Id: 2223, Ext-Tunnel Id: 47.47.47.47
Last Recorded Error Code: None
Last Recorded Error Value: None
Node where Last Recorded Error originated: None
Trunk Type: mpls
Ingress (Secondary-Priority3)
49.49.49.49
From: 47.47.47.47, LSPstate: Dn, LSPname: 47-49-test-Secondary-Priority-3
Ingress FSM state: Idle
Setup priority: 7, Hold priority: O
CSPF usage: Enabled, CSPF Retry Count: 0, CSPF Retry Interval: 30 seconds
LSP Re-Optimization: Disabled, Re-Optimization Timer: NA, Cspf Client: NA
IGP-Shortcut: Disabled, LSP metric: 65
LSP Protection: None
Label in: -, Label out: -,
Tspec rate: 0, Fspec rate: 0
Policer: Not Configured
Tunnel Id: 5001, LSP Id: 2219, Ext-Tunnel Id: 47.47.47.47
Last Recorded Error Code: Routing Problem (24)
Last Recorded Error Value: No route available toward destination (5)
Node where Last Recorded Error originated: None
Trunk Type: mpls
Ingress (Secondary-Priority4)
49.49.49.49
From: 47.47.47.47, LSPstate: Dn, LSPname: 47-49-test-Secondary-Priority-4
Ingress FSM state: Idle
Setup priority: 7, Hold priority: O
CSPF usage: Enabled, CSPF Retry Count: 0, CSPF Retry Interval: 30 seconds
LSP Re-Optimization: Disabled, Re-Optimization Timer: NA, Cspf Client: NA
IGP-Shortcut: Disabled, LSP metric: 65
LSP Protection: None
Label in: -, Label out: -,
Tspec rate: 0, Fspec rate: 0
Policer: Not Configured
Tunnel Id: 5001, LSP Id: 2219, Ext-Tunnel Id: 47.47.47.47
Last Recorded Error Code: Routing Problem (24)
Last Recorded Error Value: No route available toward destination (5)
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Node where Last Recorded Error originated: None
Trunk Type: mpls
Ingress (Secondary-Priorityb)
49.49.49.49
From: 47.47.47.47, LSPstate: Dn, LSPname: 47-49-test-Secondary-Priority-5
Ingress FSM state: Idle
Setup priority: 7, Hold priority: O
CSPF usage: Enabled, CSPF Retry Count: 0, CSPF Retry Interval: 30 seconds
LSP Re-Optimization: Disabled, Re-Optimization Timer: NA, Cspf Client: NA
IGP-Shortcut: Disabled, LSP metric: 65
LSP Protection: None
Label in: -, Label out: -,
Tspec rate: 0, Fspec rate: 0
Policer: Not Configured
Tunnel Id: 5001, LSP Id: 2219, Ext-Tunnel Id: 47.47.47.47
Last Recorded Error Code: Routing Problem (24)
Last Recorded Error Value: No route available toward destination (5)
Node where Last Recorded Error originated: None
Trunk Type: mpls

P Bridge Configuration
bridge 1 protocol ieee vlan-bridge

no bridge 1 spanning-tree enable bridge-forward

VLAN creation (Peer configuration for PE1)

vlan database
vlan 2-7 bridge 1 state enable
vlan 507-512 bridge 1 state enable

VLAN creation (Peer configuration for PE2)
vlan database

vlan 9-14 Dbridge 1 state enable

vlan 513-518 bridge 1 state enable

#fconfigure terminal Enter configure mode.
(config)#interface lo Enter interface mode

(config-if) #ip address 46.46.46.46/32 Set the secondary IP address for the lo interface
secondary

(config-if) #exit Exit interface mode

(config) #router rsvp Enable RSVP globally.
(config-router) #exit Exit RSVP mode.

(config) #interface vlanl.?2 Enter the interface mode.
(config-if) #ip address 10.10.23.2/24 Configure the IP Address
(config-if) #mtu 1600 Configure MTU size.

(config-if) #label-switching Enable MPLS.

(config-if) #ip ospf network point-to-point Enable OSPF point-to-point network type.
(config-if) #enable-rsvp Enable RSVP at the interface level.
(config-if) #exit Exit the interface mode.
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config) #interface vlanl.3

Enter the interface mode.

config-if) #ip address 10.10.24.2/24

Configure the IP Address

config-if) #mtu 1600

Configure MTU size.

config-if) #label-switching

Enable MPLS.

config-if) #ip ospf network point-to-point

Enable OSPF point-to-point network type.

config-if) #enable-rsvp

Enable RSVP at the interface level.

)
)
)
)
)
)

config-if) #exit

Exit the interface mode.

config) #interface vlanl.4

Enter the interface mode.

config-if)#ip address 10.10.25.2/24

Configure the IP Address

config-if) #mtu 1600

Configure MTU size.

config-if) #label-switching

Enable MPLS.

config-if)#ip ospf network point-to-point

Enable OSPF point-to-point network type.

config-if) #enable-rsvp

Enable RSVP at the interface level.

)
)
)
)
)
)

config-if) #exit

Exit the interface mode.

config) #interface vlanl.5

Enter the interface mode.

config-if)#ip address 10.10.26.2/24

Configure the IP Address

config-if) #mtu 1600

Configure MTU size.

Enable MPLS.

config-if) #ip ospf network point-to-point

Enable OSPF point-to-point network type.

)

)
config-if)#label-switching

)

)

config-if) #enable-rsvp

Enable RSVP at the interface level.

Exit the interface mode.

config) #interface vlanl.6

Enter the interface mode.

config-if) #ip address 10.10.27.2/24

Configure the IP Address

config-if) #mtu 1600

Configure MTU size.

config-if) #label-switching

Enable MPLS.

config-if) #ip ospf network point-to-point

Enable OSPF point-to-point network type.

config-if) #enable-rsvp

Enable RSVP at the interface level.

config-if) #fexit

Exit the interface mode.

config) #interface vlanl.7

Enter the interface mode.

config-if) #ip address 10.10.28.2/24

Configure the IP Address

config-if) #mtu 1600

Configure MTU size.

config-if) #label-switching

Enable MPLS.

config-if) #ip ospf network point-to-point

Enable OSPF point-to-point network type.

config-if) #enable-rsvp

Enable RSVP at the interface level.

config-if) #fexit

Exit the interface mode.

config) #interface vlanl.9

Enter the interface mode.

config-if)#ip address 10.10.21.1/24

Configure the IP Address

config-if) #mtu 1600

Configure MTU size.

config-if) #label-switching

Enable MPLS.

config-if) #ip ospf network point-to-point

Enable OSPF point-to-point network type.

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(config-if) #exit
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

config-if) #enable-rsvp

Enable RSVP at the interface level.
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config-if) #fexit

Exit the interface mode.

config) #interface vlanl.10

Enter the interface mode.

config-if)#ip address 10.10.22.1/24

Configure the IP Address

config-if) #mtu 1600

Configure MTU size.

config-if) #label-switching

Enable MPLS.

config-if)#ip ospf network point-to-point

Enable OSPF point-to-point network type.

config-if) #enable-rsvp

Enable RSVP at the interface level.

)
)
)
)
)
)

config-if) #exit

Exit the interface mode.

config) #interface vlanl.1ll

Enter the interface mode.

config-if)#ip address 10.10.29.1/24

Configure the IP Address

config-if) #mtu 1600

Configure MTU size.

config-if)#label-switching

Enable MPLS.

config-if) #ip ospf network point-to-point

Enable OSPF point-to-point network type.

config-if) #enable-rsvp

Enable RSVP at the interface level.

)
)
)
)
)
)

config-if) #exit

Exit the interface mode.

config) #interface vlanl.12

Enter the interface mode.

config-if) #ip address 10.10.30.1/24

Configure the IP Address

config-if) #mtu 1600

Configure MTU size.

config-if) #label-switching

Enable MPLS.

)
)
)
)

Enable OSPF point-to-point network type.

config-if) #enable-rsvp

Enable RSVP at the interface level.

config-if) #fexit

Exit the interface mode.

config) #interface vlanl.13

Enter the interface mode.

config-if) #ip address 10.10.31.1/24

Configure the IP Address

config-if) #mtu 1600

Configure MTU size.

config-if) #label-switching

Enable MPLS.

config-if) #ip ospf network point-to-point

Enable OSPF point-to-point network type.

config-if) #enable-rsvp

Enable RSVP at the interface level.

config-if) #fexit

Exit the interface mode.

config) #interface vlanl.14

Enter the interface mode.

config-if)#ip address 10.10.32.1/24

Configure the IP Address

config-if) #mtu 1600

Configure MTU size.

config-if) #label-switching

Enable MPLS.

config-if) #ip ospf network point-to-point

Enable OSPF point-to-point network type.

config-if) #enable-rsvp

Enable RSVP at the interface level.

config-if) #fexit

Exit the interface mode.

config) #interface xe2

Enter the interface mode.

config-if) #switchport

Configure Switchport

config-if) #bridge-group 1

Assign a Bridge ID to the port channel

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(config-if) #ip ospf network point-to-point
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

config-if) #switchport mode trunk

Configure trunk
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(config-if) #switchport trunk allowed vlan add
2,507

Configure allowed VLANs

config-if) #switchport trunk native vlan 507

Configure native VLAN.

Set load interval

config-if) #mtu 9192

Configure the MTU Size.

)
config-if)#load-interval 30

)

)

config-if) #exit

Exit the interface mode.

config) #interface xe3

Enter the interface mode.

Configure Switchport

config-if) #bridge-group 1

Assign a Bridge ID to the port channel

config-if) #switchport mode trunk

Configure trunk

)
)
)
config-if) #switchport trunk allowed vlan add

(

(

(

(

(

(config-if) #switchport
(

(

(

3,508

Configure allowed VLANs

config-if) #switchport trunk native vlan 508

Configure native VLAN.

config-if) #load-interval 30

Set load interval

Configure the MTU Size.

)

)
config-if) #mtu 9192

)

config-if) #exit

Exit the interface mode.

config) #interface xed

Enter the interface mode.

Configure Switchport

Assign a Bridge ID to the port channel

config-if) #switchport mode trunk

Configure trunk

)

config-if) #bridge-group 1
)
)

config-if) #switchport trunk allowed vlan add

(

(

(

(

(

(config-if) #switchport
(

(

(

4,509

Configure allowed VLANs

config-if) #switchport trunk native vlan 509

Configure native VLAN.

config-if) #load-interval 30

Set load interval

config-if) #mtu 9192

Configure the MTU Size.

config-if) #fexit

Exit the interface mode.

config) #interface xe5

Enter the interface mode.

Configure Switchport

config-if) #bridge-group 1

Assign a Bridge ID to the port channel

config-if) #switchport mode trunk

Configure trunk

config-if) #switchport trunk allowed vlan add

(

(

(

(

(

(config-if) #switchport
(

(

(

5,510

Configure allowed VLANs

config-if) #switchport trunk native vlan 510

Configure native VLAN.

config-if)#load-interval 30

Set load interval

config-if) #mtu 9192

Configure the MTU Size.

config-if) #fexit

Exit the interface mode.

Enter the interface mode.

config-if) #switchport

Configure Switchport

config-if) #bridge-group 1

Assign a Bridge ID to the port channel

config-if) #switchport mode trunk

Configure trunk

(
(
(
(
(config) #interface xeb6
(
(
(
(

config-if) #switchport trunk allowed vlan add
6,511

Configure allowed VLANs
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config-if) #switchport trunk native vlan 511

Configure native VLAN.

config-if) #load-interval 30

Set load interval

Configure the MTU Size.

)

)
config-if) #mtu 9192

)

config-if) #exit

Exit the interface mode.

config) #interface xe7

Enter the interface mode.

Configure Switchport

Assign a Bridge ID to the port channel

config-if) #switchport mode trunk

Configure trunk

)

config-if) #bridge-group 1
)
)

config-if) #switchport trunk allowed vlan add

(

(

(

(

(

(config-if) #switchport
(

(

(

7,512

Configure allowed VLANs

config-if) #switchport trunk native vlan 512

Configure native VLAN.

config-if)#load-interval 30

Set load interval

config-if) #mtu 9192

Configure the MTU Size.

)
)
)
)

config-if) #exit

Exit the interface mode.

config) #interface xe9

Enter the interface mode.

Configure Switchport

config-if) #bridge-group 1

Assign a Bridge ID to the port channel

Configure trunk

)
)

config-if) #switchport mode trunk
)

config-if) #switchport trunk allowed vlan add

(

(

(

(

(

(config-if) #switchport
(

(

(

9,513

Configure allowed VLANs

config-if) #switchport trunk native wvlan 513

Configure native VLAN.

config-if)#load-interval 30

Set load interval

config-if) #mtu 9192

Configure the MTU Size.

config-if) #fexit

Exit the interface mode.

config) #interface xel0

Enter the interface mode.

Configure Switchport

config-if) #bridge-group 1

Assign a Bridge ID to the port channel

config-if) #switchport mode trunk

Configure trunk

config-if) #switchport trunk allowed vlan add

(

(

(

(

(

(config-if) #switchport
(

(

(

10,514

Configure allowed VLANs

config-if) #switchport trunk native vlan 514

Configure native VLAN.

config-if) #load-interval 30

Set load interval

config-if) #mtu 9192

Configure the MTU Size.

config-if) #fexit

Exit the interface mode.

Enter the interface mode.

config-if) #switchport

Configure Switchport

config-if) #bridge-group 1

Assign a Bridge ID to the port channel

config-if) #switchport mode trunk

Configure trunk

(
(
(
(
(config) #interface xell
(
(
(
(

config-if) #switchport trunk allowed vlan add
11,515

Configure allowed VLANs

(config-if) #switchport trunk native vlan 515

Configure native VLAN.

(config-if)#load-interval 30

Set load interval
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config-if) #mtu 9192

Configure the MTU Size.

config-if) #fexit

Exit the interface mode.

config) #interface xel?2

Enter the interface mode.

config-if) #switchport

Configure Switchport

Assign a Bridge ID to the port channel

Configure trunk

)
)

config-if) #switchport mode trunk
)

config-if) #switchport trunk allowed vlan add

(
(
(
(
(config-if) #bridge-group 1
(
(
12,516

Configure allowed VLANs

config-if) #switchport trunk native vlan 516

Configure native VLAN.

Set load interval

config-if) #mtu 9192

Configure the MTU Size.

)
config-if)#load-interval 30

)

)

config-if) #exit

Exit the interface mode.

config) #interface xel3

Enter the interface mode.

Configure Switchport

config-if) #bridge-group 1

Assign a Bridge ID to the port channel

config-if) #switchport mode trunk

Configure trunk

)
)
)
config-if) #switchport trunk allowed vlan add

(

(

(

(

(

(config-if) #switchport
(

(

(

13,517

Configure allowed VLANs

config-if) #switchport trunk native vlan 517

Configure native VLAN.

config-if) #load-interval 30

Set load interval

Configure the MTU Size.

)

)
config-if) #mtu 9192

)

config-if) #exit

Exit the interface mode.

config) #interface xeld

Enter the interface mode.

Configure Switchport

config-if) #bridge-group 1

Assign a Bridge ID to the port channel

config-if) #switchport mode trunk

Configure trunk

config-if) #switchport trunk allowed vlan add

(

(

(

(

(

(config-if) #switchport
(

(

(

14,518

Configure allowed VLANs

config-if) #switchport trunk native vlan 518

Configure native VLAN.

config-if) #load-interval 30

Set load interval

Configure the MTU Size.

(
(
(config—-if) #mtu 9192
(

config-if) #fcommit

Commit the transaction.

OSPF configurations

#configure terminal

Enter configure mode.

(config) #router ospf 100

Configure the Routing process and specify the Process ID
(100). The Process ID should be a unique positive integer
identifying the routing process.

(config-router) #ospf router-id 46.46.46.46

Configure OSPF router-ID same as loopback interface IP
address

(config-router) #network 10.10.21.0/24 area 0

Define the network on which OSPF runs and associate the
area ID
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Define the network on which OSPF runs and associate the

(config-router) fnetwork 10.10.22.0/24 area
area ID

(config-router) #network 10.10.23.0/24 area Define the network on which OSPF runs and associate the
area ID

(config-router) fnetwork 10.10.24.0/24 area Define the network on which OSPF runs and associate the
area ID

(config-router) fnetwork 10.10.25.0/24 area Define the network on which OSPF runs and associate the
area ID

(config-router) #network 10.10.26.0/24 area Define the network on which OSPF runs and associate the
area ID

(config-router) #fnetwork 10.10.27.0/24 area Define the network on which OSPF runs and associate the
area ID

(config-router) fnetwork 10.10.28.0/24 area Define the network on which OSPF runs and associate the
area ID

(config-router) #network 10.10.29.0/24 area Define the network on which OSPF runs and associate the
area ID

(config-router) #fnetwork 10.10.30.0/24 area Define the network on which OSPF runs and associate the
area ID

(config-router) fnetwork 10.10.31.0/24 area Define the network on which OSPF runs and associate the

area ID

(config-router) #network 10.10.32.

0/24 area O

Define the network on which OSPF runs and associate the
area ID

(config-router) #network 46.46.46.
0

46/32 area

Define the network on which OSPF runs and associate the
area ID

(config-router) #commit

Commit the transaction.

PE2 Bridge Configuration

bridge 1 protocol ieee vlan-bridge

no bridge 1 spanning-tree enable bridge-forward

PE2 VLAN Creation

vlan database
vlan 9-14 Dbridge 1 state enable
vlan 519-524 bridge 1 state enable

#configure terminal

Enter configure mode.

(config) #interface 1lo

Enter interface mode

(config-if) #ip address 49.49.49.49/32
secondary

Set the secondary IP address for the lo interface

config-if) #fexit

Exit interface mode.

config) #router rsvp

Enable RSVP globally.

config-router) #exit

Exit RSVP mode.

Enter the interface mode.

config-if) #ip address 10.10.21.2/24

Configure the IP Address

config-if) #mtu 1600

Configure MTU size.

config-if) #label-switching

Enable MPLS.

(
(
(
(config) #interface vlanl.9
(
(
(
(

)
)
)
)

config-if) #ip ospf network point-to-point

Enable OSPF point-to-point network type.
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config-if) #enable-rsvp

Enable RSVP at the interface level.

config-if) #fexit

Exit the interface mode.

config) #interface vlanl.10

Enter the interface mode.

config-if)#ip address 10.10.22.2/24

Configure the IP Address

config-if) #mtu 1600

Configure MTU size.

config-if)#label-switching

Enable MPLS.

Enable OSPF point-to-point network type.

config-if) #enable-rsvp

Enable RSVP at the interface level.

)
)
)
config-if) #ip ospf network point-to-point
)
)

config-if) #exit

Exit the interface mode.

config) #interface vlanl.1l1l

Enter the interface mode.

config-if) #ip address 10.10.29.2/24

Configure the IP Address

config-if) #mtu 1600

Configure MTU size.

config-if) #label-switching

Enable MPLS.

config-if) #ip ospf network point-to-point

Enable OSPF point-to-point network type.

config-if) #enable-rsvp

Enable RSVP at the interface level.

)
)
)
)
)
)

config-if) #exit

Exit the interface mode.

config) #interface vlanl.12

Enter the interface mode.

config-if)#ip address 10.10.30.2/24

Configure the IP Address

config-if) #mtu 1600

Configure MTU size.

config-if) #label-switching

Enable MPLS.

Enable OSPF point-to-point network type.

config-if) #enable-rsvp

Enable RSVP at the interface level.

config-if) #fexit

Exit the interface mode.

config) #interface vlanl.13

Enter the interface mode.

config-if)#ip address 10.10.31.2/24

Configure the IP Address

config-if) #mtu 1600

Configure MTU size.

config-if) #label-switching

Enable MPLS.

config-if) #ip ospf network point-to-point

Enable OSPF point-to-point network type.

config-if) #enable-rsvp

Enable RSVP at the interface level.

config-if) #fexit

Exit the interface mode.

config) #interface vlanl.1l4

Enter the interface mode.

config-if) #ip address 10.10.32.2/24

Configure the IP Address

config-if) #mtu 1600

Configure MTU size.

config-if) #label-switching

Enable MPLS.

config-if) #ip ospf network point-to-point

Enable OSPF point-to-point network type.

config-if) #enable-rsvp

Enable RSVP at the interface level.

config-if) #fexit

Exit the interface mode.

config) #interface xe9

Enter the interface mode.

config-if) #switchport

Configure Switchport

config-if) #bridge-group 1

Assign a Bridge ID to the port channel

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(config-if) #ip ospf network point-to-point
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

config-if) #switchport mode trunk

Configure trunk
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(config-if) #switchport trunk allowed vlan add
9,519

Configure allowed VLANs

config-if) #switchport trunk native vlan 519

Configure native VLAN.

Set load interval

config-if) #mtu 9192

Configure the MTU Size.

)
config-if)#load-interval 30

)

)

config-if) #exit

Exit the interface mode.

config) #interface xell

Enter the interface mode.

Configure Switchport

config-if) #bridge-group 1

Assign a Bridge ID to the port channel

config-if) #switchport mode trunk

Configure trunk

)
)
)
config-if) #switchport trunk allowed vlan add

(

(

(

(

(

(config-if) #switchport
(

(

(

10,520

Configure allowed VLANs

config-if) #switchport trunk native vlan 520

Configure native VLAN.

config-if) #load-interval 30

Set load interval

Configure the MTU Size.

)

)
config-if) #mtu 9192

)

config-if) #exit

Exit the interface mode.

config) #interface xell

Enter the interface mode.

Configure Switchport

Assign a Bridge ID to the port channel

config-if) #switchport mode trunk

Configure trunk

)

config-if) #bridge-group 1
)
)

config-if) #switchport trunk allowed vlan add

(

(

(

(

(

(config-if) #switchport
(

(

(

11,521

Configure allowed VLANs

config-if) #switchport trunk native vlan 521

Configure native VLAN.

config-if) #load-interval 30

Set load interval

config-if) #mtu 9192

Configure the MTU Size.

config-if) #fexit

Exit the interface mode.

Enter the interface mode.

config-if) #switchport

Configure Switchport

config-if) #bridge-group 1

Assign a Bridge ID to the port channel

config-if) #switchport mode trunk

Configure trunk

(
(
(
(
(config) #interface xel?2
(
(
(
(

config-if) #switchport trunk allowed vlan add
12,522

Configure allowed VLANs

config-if) #switchport trunk native vlan 522

Configure native VLAN.

config-if)#load-interval 30

Set load interval

config-if) #mtu 9192

Configure the MTU Size.

config-if) #fexit

Exit the interface mode.

Enter the interface mode.

config-if) #switchport

Configure Switchport

config-if) #bridge-group 1

Assign a Bridge ID to the port channel

config-if) #switchport mode trunk

Configure trunk

(
(
(
(
(config)#interface xel3
(
(
(
(

config-if) #switchport trunk allowed vlan add
13,523

Configure allowed VLANs
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config-if) #switchport trunk native vlan 523

Configure native VLAN.

config-if) #load-interval 30

Set load interval

Configure the MTU Size.

)

)
config-if) #mtu 9192

)

config-if) #exit

Exit the interface mode.

config) #interface xeld

Enter the interface mode.

Configure Switchport

Assign a Bridge ID to the port channel

config-if) #switchport mode trunk

Configure trunk

)

config-if) #bridge-group 1
)
)

config-if) #switchport trunk allowed vlan add

(

(

(

(

(

(config-if) #switchport
(

(

(

14,524

Configure allowed VLANs

config-if) #switchport trunk native vlan 524

Configure native VLAN.

config-if)#load-interval 30

Set load interval

config-if) #mtu 9192

Configure the MTU Size.

)
)
)
)

config-if) #exit

Exit the interface mode.

conf) #rsvp-path spl-r3-rl mpls

Create RSVP path

conf-path) #10.10.21.1 strict

Configure nexthop

conf-path)#10.10.23.1 strict

Configure nexthop

conf) #rsvp-path sp2-r3-rl mpls

Create RSVP path

conf-path) #10.10.22.1 strict

Configure nexthop

conf-path)#10.10.24.1 strict

Configure nexthop

conf) #rsvp-path sp2-r3-rl mpls

Create RSVP path

Configure nexthop

conf-path)#10.10.25.1 strict

Configure nexthop

conf) #rsvp-path sp3-r3-rl mpls

Create RSVP path

conf-path) #10.10.30.1 strict

Configure nexthop

conf-path)#10.10.26.1 strict

Configure nexthop

conf) #rsvp-path sp4-r3-rl mpls

Create RSVP path

conf-path) #10.10.31.1 strict

Configure nexthop

conf-path) #10.10.27.1 strict

Configure nexthop

conf) #rsvp-path sp5-r3-rl mpls

Create RSVP path

conf-path) #10.10.32.1 strict

Configure nexthop

conf-path)#10.10.28.1 strict

Configure nexthop

conf) #rsvp-trunk 49-47-test ipv4

Create a RSVP trunk link

(
(
(
(
(
(
(
(
(
(
(
(conf-path)#10.10.29.2 strict
(
(
(
(
(
(
(
(
(
(
(
(

conf-trunk) #primary path pl-r3-rl

Configure primary path for trunk link

(conf-trunk) #secondary-priority 1 path spl-
r3-rl

Configure secondary link for trunk link

(conf-trunk) #secondary-priority 2 path sp2-
r3-rl

Configure secondary link for trunk link

(conf-trunk) #secondary-priority 3 path sp3-
r3-rl

Configure secondary link for trunk link

(conf-trunk) #secondary-priority 4 path spé-
r3-rl

Configure secondary link for trunk link
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(conf-trunk) #secondary-priority 5 path sp5- Configure secondary link for trunk link

r3-ril

(conf-trunk) #to 47.47.47.47 Configure remote node for the LSP

(conf-trunk) #commit Commit the transaction.

OSPF configurations

#configure terminal Enter configure mode.

(config) #router ospf 100 Configure the Routing process and specify the Process ID

(100). The Process ID should be a unique positive integer
identifying the routing process.

(config-router) #ospf router-id 49.49.49.49 Configure OSPF router-ID same as loopback interface IP

address

(config-router) #network 10.10.21.0/24 area 0 Define the network on which OSPF runs and associate the
area ID

(config-router) #network 10.10.22.0/24 area 0 Define the network on which OSPF runs and associate the
area ID

(config-router) #network 10.10.29.0/24 area 0 Define the network on which OSPF runs and associate the
area ID

(config-router) #network 10.10.30.0/24 area 0 Define the network on which OSPF runs and associate the
area ID

(config-router) #network 10.10.31.0/24 area 0 Define the network on which OSPF runs and associate the
area ID

(config-router) #network 10.10.32.0/24 area 0 Define the network on which OSPF runs and associate the
area ID

(config-router) #network 49.49.49.49/32 area Define the network on which OSPF runs and associate the

0 area ID

(config-router) #commit Commit the transaction.

Validation

This example shows the number of configured RSVP sessions in a router.

PE2
#show rsvp session
Type : PRI - Primary, SEC - Secondary, DTR - Detour, BPS - Bypass

State : UP - Up, DN - Down, BU - Backup in Use, SU - Secondary in Use, FS - Forced to
Secondary

* indicates the session is active with local repair at one or more nodes
(P) indicates the secondary-priority session is acting as primary

Ingress RSVP:

To From Type LSPName State Uptime Rt
Style Labelin Labelout DSType

47.47.47.47 49.49.49.49 PRI 49-47-test-Primary 9)5 00:34:57
1 1 SE - 24970 DEFAULT

47.47.47.47 49.49.49.49 SEC 49-47-test-Secondary-Priority-1 UP 00:34:56
1 1 SE - 24968 DEFAULT

Total 2 displayed, Up 2, Down O.
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Egress RSVP:

To From Type LSPName State Uptime Rt
Style Labelin Labelout DSType

49.49.49.49 47.47.47.47 PRI 47-49-test-Primary Up 00:34:45
1 1 SE 31364 - ELSP_CON

49.49.49.49 47.47.47.47 PRI 47-49-test-Secondary-Priority-1 UP 00:34:44
1 1 SE 31360 - ELSP CON

Total 2 displayed, Up 2, Down O.

#show rsvp trunk multi-sec-detail
Ingress (Secondary-Priorityl)
47.47.47.47
From: 49.49.49.49, LSPstate: Up, LSPname: 49-47-test-Secondary-Priority-1
Ingress FSM state: Operational
Establishment Time: 1s 71lms
Setup priority: 7, Hold priority: O
CSPF usage: Enabled, CSPF Retry Count: 0, CSPF Retry Interval: 30 seconds

LSP Re-Optimization: Disabled, Re-Optimization Timer: NA, Cspf Client: OSPF

IGP-Shortcut: Disabled, LSP metric: 3
LSP Protection: None
Label in: -, Label out: 24968,
Tspec rate: 0, Fspec rate: 0
Policer: Not Configured
Tunnel Id: 5001, LSP Id: 2214, Ext-Tunnel Id: 49.49.49.49
Downstream: 45.49.24.1, vlanl.1024
Path refresh: 30 seconds (RR enabled) (due in 27829 seconds)
Resv lifetime: 157 seconds (due in 145 seconds)
Retry count: 0, intrvl: 30 seconds
RRO re-use as ERO: Disabled
Label Recording: Disabled
Admin Groups: none
Configured Path: SP1-49-47 (in use)
Configured Explicit Route Detail
45.49.24.1/32 strict
46.45.9.1/32 strict
47.46.3.1/32 strict
Session Explicit Route Detail
45.49.24.1/32 strict
46.45.9.1/32 strict
47.46.3.1/32 strict
Record route:

<self>

45.49.24.1

46.45.9.1

47.46.3.1

Style: Shared Explicit Filter
Traffic type: controlled-load
Minimum Path MTU: 9216
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Last Recorded Error Code: None
Last Recorded Error Value: None
Node where Last Recorded Error originated: None
Trunk Type: mpls
Ingress (Secondary-Priority2)
47.47.47.47
From: 49.49.49.49, LSPstate: Dn, LSPname: 49-47-test-Secondary-Priority-2
Ingress FSM state: Idle
Setup priority: 7, Hold priority: O
CSPF usage: Enabled, CSPF Retry Count: 0, CSPF Retry Interval: 30 seconds
LSP Re-Optimization: Disabled, Re-Optimization Timer: NA, Cspf Client: NA
IGP-Shortcut: Disabled, LSP metric: 3
LSP Protection: None
Label in: -, Label out: -,
Tspec rate: 0, Fspec rate: 0
Policer: Not Configured
Tunnel Id: 5001, LSP Id: 2215, Ext-Tunnel Id: 49.49.49.49
Last Recorded Error Code: None
Last Recorded Error Value: None
Node where Last Recorded Error originated: None
Trunk Type: mpls
Ingress (Secondary-Priority3)
47.47.47.47
From: 49.49.49.49, LSPstate: Dn, LSPname: 49-47-test-Secondary-Priority-3
Ingress FSM state: Idle
Setup priority: 7, Hold priority: O
CSPF usage: Enabled, CSPF Retry Count: 0, CSPF Retry Interval: 30 seconds
LSP Re-Optimization: Disabled, Re-Optimization Timer: NA, Cspf Client: NA
IGP-Shortcut: Disabled, LSP metric: 65
LSP Protection: None
Label in: -, Label out: -,
Tspec rate: 0, Fspec rate: 0
Policer: Not Configured
Tunnel Id: 5001, LSP Id: 2213, Ext-Tunnel Id: 49.49.49.49
Last Recorded Error Code: Routing Problem (24)
Last Recorded Error Value: No route available toward destination (5)
Node where Last Recorded Error originated: None
Trunk Type: mpls
Ingress (Secondary-Priority4)
47.47.47.47
From: 49.49.49.49, LSPstate: Dn, LSPname: 49-47-test-Secondary-Priority-4
Ingress FSM state: Idle
Setup priority: 7, Hold priority: O
CSPF usage: Enabled, CSPF Retry Count: 0, CSPF Retry Interval: 30 seconds
LSP Re-Optimization: Disabled, Re-Optimization Timer: NA, Cspf Client: NA
IGP-Shortcut: Disabled, LSP metric: 65
LSP Protection: None
Label in: -, Label out: -,
Tspec rate: 0, Fspec rate: 0
Policer: Not Configured
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Tunnel Id: 5001, LSP Id: 2213, Ext-Tunnel Id: 49.49.49.49
Last Recorded Error Code: Routing Problem (24)
Last Recorded Error Value: No route available toward destination (5)
Node where Last Recorded Error originated: None
Trunk Type: mpls
Ingress (Secondary-Priority))
47.47.47.47
From: 49.49.49.49, LSPstate: Dn, LSPname: 49-47-test-Secondary-Priority-5
Ingress FSM state: Idle
Setup priority: 7, Hold priority: O
CSPF usage: Enabled, CSPF Retry Count: 0, CSPF Retry Interval: 30 seconds
LSP Re-Optimization: Disabled, Re-Optimization Timer: NA, Cspf Client: NA
IGP-Shortcut: Disabled, LSP metric: 65
LSP Protection: None
Label in: -, Label out: -,
Tspec rate: 0, Fspec rate: 0
Policer: Not Configured
Tunnel Id: 5001, LSP Id: 2213, Ext-Tunnel Id: 49.49.49.49
Last Recorded Error Code: Routing Problem (24)
Last Recorded Error Value: No route available toward destination (5)
Node where Last Recorded Error originated: None
Trunk Type: mpls

Add Administrative Group Constraints to an LSP

To add administrative group constraints (also known as color constraints) to an LSP:
»  Configure support for required administrative groups in NSM on all participating routers
«  Configure required administrative groups on all participating interfaces

The configuration in this example forces the primary LSP to be setup through links that belong either to administrative
group A or C. Alink that does not belong to either of these administrative groups will not be used for setting up the LSP.

Note: This example is based on the assumption that a minimal configuration exists on all participating routers as
described in Enable Label Switching - Minimal Configuration.

PE1 - NSM

#configure terminal Enter configure mode.

(config) #admin-group A O Add new administrative groups, specify their names and
(config) #admin-group B 1 assign bit values to them.

(config) #admin-group C 2

(config) #admin-group D 3

(config) #admin-group E 4

(config) #interface xe0 Enter interface mode.

(config-if) #admin-group A Add administrative groups to the links. When used in the

interface mode, this command adds a link between an
interface and a group. The name is the name of the group
(config-if) #admin-group C previously configured. You can have multiple groups per
interface.

(config-if) #admin-group B
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(config-if) #exit

Exit interface mode.

(config) #interface xe?2

Enter interface mode.

(config-if) #admin-group E

(config-if) #admin-group D

Add administrative groups to the links. When used in the
interface mode, this command adds a link between an
interface and a group. The name is the name of the group
previously configured. You can have multiple groups per
interface.

(config-if) #commit

Commit the transaction.

P - NSM

#configure terminal

Enter configure mode.

config) #admin-group A 0

config) #admin-group C 2

Add new administrative groups and specify their names and
assign bit values to them.

Enter interface mode

config-if) #admin-group A

(
(
(config) #interface xe2
(
(

config-if) #admin-group C

Add administrative groups to the links. When used in the
interface mode, this command adds a link between an
interface and a group. The name is the name of the group
previously configured. You can have multiple groups per
interface.

(config-if) #commit

Commit the transaction.

PE1 - RSVP-TE

(config) #router rsvp

Enter the router mode for RSVP.

(config-router) #rsvp-path P1

Configure RSVP path.

#configure terminal

Enter configure mode.

(config) #rsvp-trunk T1

Create an RSVP trunk T1 and enter the Trunk mode.

(config-trunk) #no primary cspf

Since CSPF is enabled by default, specify no
primary cspf if CSPF is not required.

(config-trunk) #primary path P1

Specify an RSVP primary path to be used.

(config-trunk) #no primary cspf

Specify the no primary cspf option for the LSP.

(config-trunk) #primary include-any A

Set up the LSP with admin group constraint A.

(config-trunk) #primary include-any C

Set up the LSP with admin group constraint C.

(config-trunk) #to 192.168.0.90

Specify the IPv4 egress (destination point) for the LSP.

(config-trunk) #commit

Commit the transaction.

Configure Global Parameters

Some common parameters can be configured in the Router mode on the RSVP-TE daemon. These parameters are
global and affect all LSPs. In the following example the interval between two consecutive hello messages is set. The
neighbor is defined by the neighbor command. Hello exchanges are enabled only between explicitly configured
neighbors (configure this router as a neighbor on P (IP address 10.10.23.60).
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Note: This example is based on the assumption that a minimal configuration exists on all participating routers as
described in Enable Label Switching - Minimal Configuration.

PE1 - RSVP-TE

#fconfigure terminal Enter configure mode.

(config) #router rsvp Enter the router mode for RSVP.

(config-router) #hello-interval 10 Setthe hello-interval (in seconds) between hello packets.
(config-router) #hello-timeout 35 Setthe hello-timeout value. If an LSR has not received a

Hello message from a peer within this period, all sessions shared
with this peer are reset.

(config-router) #neighbor 10.10.23.60 Explicitly specify the neighbor to exchange Hello messages with.

(config-router) #commit Commit the transaction.

P - RSVP-TE

#configure terminal Enter configure mode.

(config) #router rsvp Enter the router mode for RSVP.

(config-router) #hello-interval 10 Setthe hello-interval (in seconds) between hello
packets.

(config-router) #hello-timeout 35 Setthe hello-timeout value. If an LSR has not

received a Hello message from a peer within this period, all
sessions shared with this peer are reset.

(config-router) #neighbor 10.10.23.63 Explicitly specify the neighbor to exchange Hello messages
with.
(config-router) #commit Commit the transaction.

Fast Reroute Configuration (one-to-one method)

The Fast Reroute (FRR) configuration is a MPLS resiliency technology that provides fast traffic recovery when there is a
link or router failure on mission critical services. These mechanisms enable the re-direction of traffic onto backup LSP
tunnels in tens of milliseconds, in the event of a failure. The one-to-one backup method creates detour LSPs for each

protected LSP at each potential point of local repair. This method is used to protect links and nodes during network
failure.

In the below configurations each FRR trunk is mapped to VPWS,VPLS, and L3 VPN services.So it includes
configurations of VPWS,VPLS and L3 VPN also.

Figure 6-13 is a simple topology example for FRR:
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Figure 6-13: Topology Example for Fast Reroute

RTR-29

#configure terminal

Enter configure mode.

(config) #interface 1lo

Enter interface mode.

(config-if) #ip address 29.29.29.29/32
secondary

Set a secondary IP address of the interface

config-if) #no shutdown

Administratively bring the interface up.

config-if) #fexit

Exit interface mode.

config) #router-id 29.29.29.29

Configure the router ID.

config) #router rsvp

Enter to router rsvp mode.

config-router) fexit

Exit the router mode

(
(
(
(
(
(

config) #router 1ldp

Enter to router LDP mode.

(config-router) #targeted-peer ipvé
30.30.30.30

Configure targeted peer.

(config-router-targeted-peer) #fexit-targeted-
peer-mode

Exit-targeted-peer-mode

(config-router) fexit

Exit router mode

config) #interface xe2l

Enter interface mode.

config-if) #label-switching

Enable label switching on interface.

config-if)#ip address 21.21.21.29/24

Set an IP address of the interface.

config-if) #no shutdown

Administratively no shutdown the interface.

config-if) #enable-rsvp

Enable RSVP message exchange on this interface.

config-if) #enable-1dp ipvié

Enable LDP on this interface

config-if) #exit

Exit interface mode.

Enter interface mode.

config-if)#label-switching

Enable label switching on interface

config-if) #enable-1dp ipvé

Enable LDP on this interface

config-if) #ip address 22.22.22.29/24

Set an IP address of the interface.

config-if) #no shutdown

Administratively no shutdown the interface.

config-if) #enable-rsvp

Enable RSVP message exchange on this interface.

config-if) #exit

Exit interface mode.

(
(
(
(
(
(
(
(config) #interface xe22
(
(
(
(
(
(
(

config) #router ospf

Enter the router configure mode for OSPF.
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(config-router) #router-id 29.29.29.29

Configure OSPF router-ID same as loopback interface IP
address

config-router) #network 21.21.21.0/24 area O
config-router) #network 22.22.22.0/24 area 0
config-router) #network 29.29.29.29/32 area O

Define the network on which OSPF runs and associate the
area ID

config-router) #exit

Exit the router configure mode.

config) #rsvp-path p21

Enter the path mode for RSVP pt1.

Configure this explicit route path as a strict hop.

config-path) #38.38.38.42 strict

Configure this explicit route path as a strict hop.

config-path) #69.69.69.30 strict

Configure this explicit route path as a strict hop.

config) #exit

Exit the path mode.

config) #rsvp-trunk to 30 ipv4

Enter the trunk mode for RSVP.

(
(
(
(
(
(config-path) #21.21.21.43 strict
(
(
(
(
(

config-trunk) #primary fast-reroute
protection one-to-one

Configure primary fast-reroute protection facility for a trunk.

(config-trunk) #primary fast-reroute node-
protection

Configure primary fast-reroute node protection for the trunk

(config-trunk) #primary path p21l

Configure trunk to 30 to use the defined path.

config-trunk)#to 30.30.30.30

Specify the IPv4 egress (destination point) for the LSP.

config-trunk) #exit

Exit from trunk mode.

config)#ip vrf vrfl

Configure VRF instance

config-vrf)#rd 100:1

Configure Router Distinguisher value

config-vrf) #route-target both 100:1

Configure route-target as both

Exit the path mode.

config) #interface xe43

Enter to the interface mode

config-if) #ip vrf forwarding vrfl

Bind the VRF instance to the interface

config-if)#ip address 43.43.43.29/24

Configure IP address

config-if) #exit

Exit interface mode.

config) #router bgp 100

Configure BGP router instance

(
(
(
(
(
(config-vrf) fexit
(
(
(
(
(
(

config-router) #neighbor 30.30.30.30 remote-
as 100

Configure neighbor with remote-as

(config-router) #neighbor 30.30.30.30 update-
source 29.29.29.29

Configure update source as loopback address

(config-router) #address-family vpnv4 unicast

Configure VPNv4 address family

(config-router-af) #neighbor 30.30.30.30
activate

Activate the VPN neighbor

config-router-af) #exit-address-family

Exit the VPN address family

config-router) #address-family ipv4 vrf vrfl

Configure VRF address family

config-router-af)redistribute connected

Redistribute connected route

config-router-af)exit-address-family

Exit VRF address family

config-router) fexit

Exit router mode

(
(
(
(
(
(

config) #mpls 12-circuit vlanl0O 10
30.30.30.30

Configure Virtual circuit.

(config-pseudowire) fexit

Exit pseudowire config mode.

(config) #service-template stl

Template configuration
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config-svc) #match outer-vlan 10

Match criteria under template configuration

config-svc) #fexit

Exit service template mode

config) #service-template st2

Template configuration

config-svc) #match outer-vlan 30

Match criteria under template configuration

Exit service template mode

config)#interface xe4d4

Enter interface configuration mode

config-if) #switchport

Configure interface as switch port

config-if) #mpls-12-circuit tl service-

(

(

(

(

(config-svc) #exit
(

(

(

template stl

Bind the interface to the VC with service template

config-if) #fexit

Exit interface configuration mode

config) #mpls vpls vpls30 30

Configure VPLS instance

config-vpls) #signaling 1ldp

Configure VPLS signaling as LDP

config-vpls-sig) #vpls-type vlan

Configure VPLS type as VLAN encapsulation

Configure VPLS peer

config-vpls-sig) #exit-signaling

Exit VPLS configuration mode

config) #interface xe4d5

Enter interface configuration mode

config-if) #switchport

Configure interface as switch port

(
(
(
(
(config-vpls-sig) #vpls-peer 30.30.30.30
(
(
(
(

config-if) #mpls-vpls vpls30 service-template
st2

Bind the VPLS instance to the interface

(config-if-vpls) #split-horizon group accessl

Configure split-horizon group on VPLS

(config-if-vpls) #exit

Exit VPLS attachment-circuit mode

(config-if) #commit

Commit the transaction.

RTR-43

#configure terminal

Enter configure mode.

(config) #interface 1lo

Enter interface mode.

(config-if) #ip address 43.43.43.43/32
secondary

Set a secondary IP address of the interface

config-if) #no shutdown

Administratively shutdown the interface.

config-if) #fexit

Exit interface mode.

config) #router-id 43.43.43.43

Configure the router ID.

config) #router rsvp

Enter to router RSVP mode.

config-router) #fexit

Exit the router mode

config) #interface xeb/1

Enter interface mode.

Enable label switching on interface.

config-if)#ip address 11.11.11.43/24

Set an IP address of the interface.

Administratively no shutdown the interface.

config-if) #enable-rsvp

Enable RSVP message exchange on this interface.

)

)
config-if) #no shutdown

)

)

config-if) #exit

Exit interface mode.

config) #interface xe9/1

Enter interface mode.

(
(
(
(
(
(
(config-if)#label-switching
(
(
(
(
(
(

config-if) #label-switching

Enable label switching on interface
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config-if) #ip address 21.21.21.43/24

Set an IP address of the interface.

config-if) #no shutdown

Administratively no shutdown the interface.

Enable RSVP message exchange on this interface.

)
)

config-if) #enable-rsvp
)

config-if) #exit

Exit interface mode.

config) #interface xe9/2

Enter interface mode.

config-if)#label-switching

Enable label switching on interface.

config-if) #ip address 22.22.22.43/24

Set an IP address of the interface.

Administratively no shutdown the interface.

Enable RSVP message exchange on this interface.

)

)
config-if) #no shutdown

)

)

config-if) #exit

Exit interface mode.

config) #interface xel3/2

Enter interface mode.

config-if)#label-switching

Enable label switching on interface

config-if) #ip address 38.38.38.43/24

Set an IP address of the interface.

Administratively no shutdown the interface.

config-if) #enable-rsvp

Enable RSVP message exchange on this interface.

)

)
config-if) #no shutdown

)

)

config-if) #exit

Exit interface mode.

config) #router ospf

Enter the router configure mode for OSPF.

(
(
(
(
(
(
(
(
(config-if) #enable-rsvp
(
(
(
(
(
(
(
(
(

config-router) #router-id 43.43.43.43

Configure OSPF router-ID same as loopback interface IP
address

11.11.11.
22.22.22
21.21.21.0/24
38.38.38.0/24
43.43.43.

0/24
.0/24

config-router) #network
config-router) #network

config-router) #network
config-router) #network

area
area
area
area

O O O O

43/32 area 0

Define the network on which OSPF runs and associate the
area ID

(
(
(config-router) #network
(
(
(

)
)
)
)
)
)

config-router) #commit

Commit the transaction.

RTR-42

(config)#interface lo

Enter interface mode.

(config-if) #ip address 42.42.42.42/32
secondary

Set a secondary IP address of the interface

config-if) #no shutdown

Administratively shutdown the interface.

config-if) #fexit

Exit interface mode.

confiqg) #frouter-id 42.42.42.42

Configure the router ID.

config) #router rsvp

Enter to router RSVP mode.

config-router) fexit

Exit the router mode

config) #interface xe2

Enter interface mode.

Enable label switching on interface.

config-if) #ip address 5.5.5.42/24

Set an IP address of the interface.

Administratively no shutdown the interface.

config-if) #enable-rsvp

Enable RSVP message exchange on this interface.

)

)
config-if) #no shutdown

)

)

config-if) #exit

Exit interface mode.

(
(
(
(
(
(
(config-if) #label-switching
(
(
(
(
(

config) #interface xel0/1

Enter interface mode.
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config-if) #label-switching

Enable label switching on interface

config-if) #ip address 25.25.25.42/24

Set an IP address of the interface.

Administratively no shutdown the interface.

config-if) #enable-rsvp

Enable RSVP message exchange on this interface.

)

)
config-if) #no shutdown

)

)

config-if) #exit

Exit interface mode.

config) #interface xe3

Enter interface mode.

config-if) #label-switching

Enable label switching on interface.

config-if)#ip address 38.38.38.42/24

Set an IP address of the interface.

Administratively no shutdown the interface.

Enable RSVP message exchange on this interface.

)

)
config-if) #no shutdown

)

)

config-if) #exit

Exit interface mode.

config) #interface xed

Enter interface mode

config-if) #label-switching

Enable label switching on interface

config-if) #ip address 69.69.69.42/24

Specify an IP address for the interface

Administratively no shutdown the interface

config-if) #enable-rsvp

Enable RSVP message exchange on this interface

)

)
config-if) #no shutdown

)

)

config-if) #exit

Exit interface mode

config) #router ospf

Enter the router configure mode for OSPF.

(
(
(
(
(
(
(
(
(
(config-if) #enable-rsvp
(
(
(
(
(
(
(
(
(

config-router) #router-id 42.42.42.42

Configure OSPF router-ID same as loopback interface IP
address

config-router) #network 5.5.5.0/24 area 0 Define the network on which OSPF runs and associate the
config-router) #network 25.25.25.0/24 area 0 arealD
config-router) #network 69.69.69.0/24 area 0

config-router) #network 42.42.42.42/32 area O

( )
( )
( )
(config-router) #fnetwork 38.38.38.0/24 area 0
( )
( )

config-router) #commit

Commit the transaction

RTR-41

(config) #interface 1lo

Enter interface mode.

(config-if) #ip address 44.44.44.44/32
secondary

Set a secondary IP address of the interface

config-if) #no shutdown

Administratively no shutdown the interface.

config-if) #fexit

Exit interface mode.

config) #router-id 44.44.44.44

Configure the router ID.

config) #router rsvp

Enter to router RSVP mode.

config-router) #fexit

Exit the router mode

Enter interface mode.

config-if) #label-switching

Enable label switching on interface.

config-if)#ip address 1.1.1.41/24

Set an IP address of the interface.

Administratively no shutdown the interface.

config-if) #enable-rsvp

Enable RSVP message exchange on this interface.

(
(
(
(
(
(config) #interface xel/l
(
(
(
(
(

)

)
config-if) #no shutdown

)

)

config-if) #exit

Exit interface mode.
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config) #interface xe2

Enter interface mode.

config-if) #label-switching

Enable label switching on interface

config-if) #ip address 5.5.5.41/24

Set an IP address of the interface.

Administratively no shutdown the interface.

config-if) #enable-rsvp

Enable RSVP message exchange on this interface.

)

)
config-if) #no shutdown

)

)

config-if) #exit

Exit interface mode.

config) #interface xeb/1

Enter interface mode.

config-if) #label-switching

Enable label switching on interface.

config-if) #ip address 11.11.11.41/24

Set an IP address of the interface.

Administratively no shutdown the interface.

config-if) #enable-rsvp

Enable RSVP message exchange on this interface.

)

)
config-if) #no shutdown

)

)

config-if) #exit

Exit interface mode.

config) #router ospf

Enter the router configure mode for OSPF.

(
(
(
(
(
(
(
(
(
(
(
(
(
(

config-router) #router-id 44.44.44.44

Configure OSPF router-ID same as loopback interface IP
address

config-router) #network 5.5.5.0/24 area 0
config-router) #network 1.1.1.0/24 area 0

config-router) #network 44.44.44.44/32 area O

Define the network on which OSPF runs and associate the
area ID

( )
( )
(config-router) #network 11.11.11.0/24 area 0
( )
( )

config-router) fcommit

Commit the transaction.

RTR-31

(config) #interface 1lo

Enter interface mode.

(config-if)#ip address 31.31.31.31/32
secondary

Set a secondary IP address of the interface

config-if) #no shutdown

Administratively shutdown the interface.

config-if) #fexit

Exit interface mode.

config) #router-id 31.31.31.31

Configure the router ID.

config) #router rsvp

Enter to router RSVP mode.

config-router) fexit

Exit the router mode

config) #interface xel

Enter interface mode.

config-if) #label-switching

Enable label switching on interface.

config-if)#ip address 1.1.1.31/24

Set an IP address of the interface.

config-if) #no shutdown

Administratively no shutdown the interface.

config-if) #enable-rsvp

Enable RSVP message exchange on this interface.

config-if) #exit

Exit interface mode.

config)#interface xe25

Enter interface mode.

config-if) #label-switching

Enable label switching on interface

config-if) #ip address 25.25.25.31/24

Set an IP address of the interface.

config-if) #no shutdown

Administratively no shutdown the interface.

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

config-if) #enable-rsvp

Enable RSVP message exchange on this interface.
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config-if) #exit

Exit interface mode.

config) #interface xedl

Enter interface mode.

config-if)#label-switching

Enable label switching on interface.

config-if)#ip address 41.41.41.31/24

Set an IP address of the interface.

Administratively no shutdown the interface.

config-if) #enable-rsvp

Enable RSVP message exchange on this interface.

config-if) #exit

Exit interface mode.

config) #router ospf

Enter the router configure mode for OSPF.

(

(

( )

( )
(config-if) #no shutdown
( )

( )

(

(

config-router) #router-id 31.31.31.31

Configure OSPF router-ID same as loopback interface IP
address

config-router) #network 1.1.1.0/24 area 0
config-router) #network 25.25.25.0/24 area 0

config-router) #network 31.31.31.31/32 area O

Define the network on which OSPF runs and associate the
area ID

( )
( )
(config-router) #network 41.41.41.0/24 area O
( )
( )

config-router) #commit

Commit the transaction.

RTR-30

(config) #interface 1lo

Enter interface mode.

(config-if) #ip address 30.30.30.30/32
secondary

Set a secondary IP address of the interface

config-if) #no shutdown

Administratively shutdown the interface.

config-if) #fexit

Exit interface mode.

config) #router-id 30.30.30.30

Configure the router ID.

Enter to router RSVP mode.

config-router) #fexit

Exit the router mode

config) #frouter 1ldp

Enter to router LDP mode.

(
(
(
(config) #router rsvp
(
(
(

config-router) #targeted-peer ipv4
29.29.29.29

Configure targeted peer.

(config-router-targeted-peer) #exit-targeted-
peer-mode

Exit-targeted-peer-mode

(config-router) #exit

Exit router mode

config) #interface xedl

Enter interface mode.

config-if) #label-switching

Enable label switching on interface.

config-if)#ip address 41.41.41.30/24

Set an IP address of the interface.

config-if) #no shutdown

Administratively no shutdown the interface.

config-if) #enable-rsvp

Enable RSVP message exchange on this interface.

Enable LDP on this interface

config-if) #exit

Exit interface mode.

config) #interface xe54/1

Enter interface mode.

config-if) #label-switching

Enable label switching on interface

config-if) #enable-1dp ipv4

Enable LDP on this interface

(
(
(
(
(
(config-if) #enable-1dp ipv4
(
(
(
(
(

config-if) #ip address 69.69.69.30/24

Set an IP address of the interface.
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config-if) #no shutdown

Administratively no shutdown the interface.

config-if) #enable-rsvp

Enable RSVP message exchange on this interface.

Exit interface mode.

config) #router ospf

Enter the router configure mode for OSPF.

(
(
(config-if) #fexit
(
(

config-router) #router-id 30.30.30.30

Configure OSPF router-ID same as loopback interface IP
address

config-router) #network 41.41.41.0/24 area O
config-router) #network 69.69.69.0/24 area O
config-router) #network 30.30.30.30/32 area 0

Define the network on which OSPF runs and associate the
area ID

config-router) #commit

Commit the transaction.

config) #rsvp-path p4l

Enter the path mode for RSVP pt1.

Configure this explicit route path as a strict hop.

config-path)#1.1.1.41 strict

Configure this explicit route path as a strict hop.

config-path)#11.11.11.43 strict

Configure this explicit route path as a strict hop.

config) #exit

Exit the path mode.

config) #rsvp-trunk to 29 ipvi4

Enter the trunk mode for rsvp.

(
(
(
(
(
(config-path) #41.41.41.31 strict
(
(
(
(
(

config-trunk) #primary fast-reroute
protection one-to-one

Configure primary fast-reroute protection facility for a trunk.

(config-trunk) #fprimary fast-reroute node-
protection

Configure primary fast-reroute node protection for the trunk

(config-trunk) #primary path p4l

Configure trunk to_29 to use the defined path.

config-trunk)#to 29.29.29.29

Specify the IPv4 egress (destination point) for the LSP.

config-trunk) #exit

Exit from trunk mode.

config)#ip vrf vrfl

Configure VRF instance

config-vrf)#rd 100:1

Configure Router Distinguisher value

config-vrf) #route-target both 100:1

Configure route-target as both

Exit the path mode.

config) #interface xe23

Enter to the interface mode

config-if) #ip vrf forwarding vrfl

Bind the VRF instance to the interface

config-if)#ip address 23.23.23.29/24

Configure IP address

config-if) #exit

Exit interface mode.

(
(
(
(
(
(config-vrf) fexit
(
(
(
(
(

config) #router bgp 100

Configure BGP router instance

(config-router) #neighbor 29.29.29.29 remote-
as 100

Configure neighbor with remote-as

(config-router) #neighbor 29.29.29.29 update-
source 30.30.30.30

Configure update source as loopback address

(config-router) #address-family vpnv4 unicast

Configure VPNv4 address family

(config-router-af) #neighbor 29.29.29.29
activate

Activate the VPN neighbor

config-router-af) #exit-address-family

Exit the VPN address family

Configure VRF address family

config-router-af)redistribute connected

Redistribute connected route

(
(config-router) #faddress-family ipv4 vrf vrfl
(
(

config-router-af)exit-address-family

Exit VRF address family
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(config-router) ffexit

Exit router mode

(config) #mpls 12-circuit vlanlO 10
29.29.29.29

Configure Virtual circuit.

config-pseudowire) #exit

Exit pseudowire config mode.

confiqg) #fservice-template stl

Template configuration

config-svc) #fmatch outer-vlan 10

Match criteria under template configuration

config-svc) fexit

Exit service template mode

confiqg) #fservice-template st2

Template configuration

config-svc) #fmatch outer-vlan 30

Match criteria under template configuration

Exit service template mode

config) #interface xe24

Enter interface configuration mode

config-if) #switchport

Configure interface as switch port

config-if) #mpls-12-circuit vlanl0 service-

(

(

(

(

(

(
(config-svc) #exit
(

(

(

template stl

Bind the interface to the VC with service template

config-if) #exit

Exit interface configuration mode

config) #mpls vpls vpls30 30

Configure VPLS instance

config-vpls) #signaling 1ldp

Configure VPLS signaling as LDP

config-vpls-sig) #vpls-type vlan

Configure VPLS type as VLAN encapsulation

Configure VPLS peer

config-vpls-sig) #exit-signaling

Exit VPLS configuration mode

config) #interface xe25

Enter interface configuration mode

config-if) #switchport

Configure interface as switch port

(
(
(
(
(config-vpls-sig) #vpls-peer 29.29.29.29
(
(
(
(

config-if) #mpls-vpls vpls30 service-template

st2

Bind the VPLS instance to the interface

(config-if-vpls) #split-horizon group accessl

Configure split-horizon group on VPLS

(config-if-vpls) #fexit

Exit VPLS attachment-circuit mode

(config-if) #commit

Commit the transaction.

Validation

RTR-30#show rsvp session
Ingress RSVP:

To From State
Labelout LSPName

SType

29.29.29.29 30.30.30.30 Up
24322 to 29-Primary

EFAULT

29.29.29.29 69.69.69.30 Up
24322 to 29-Detour

AULT

Total 2 displayed, Up 2, Down O.
Egress RSVP:

To From State
Labelout LSPName

SType

Pri Rt Style Labelin

Uptime Est.time D

Yes 1 1 SE -
00:07:53 0s 118ms D

No 1 1 SE -
00:07:53 0s 4ms DEF

Pri Rt Style Labelin

Uptime Est.time D
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30.30.30.30 29.29.29.29 Up Yes 1 1 SE 24960 -
to 30-Primary 00:07:57 N/A ELSP
_CON

30.30.30.30 25.25.25.42 Up Yes 1 1 SE 24961 -
to 30-Detour 00:07:57 N/A ELSP

CON

Total 2 displayed, Up 2, Down O.

RTR-30#show mpls forwarding-table
Codes: > - installed FTN, * - selected FTN, p - stale FTN,
B - BGP FTN, K - CLI FTN, t - tunnel
L - LDP FTN, R - RSVP-TE FTN, S - SNMP FTN, I - IGP-Shortcut,
U - unknown FTN, O - SR-OSPF FTN, i - SR-ISIS FTN, k - SR-CLI FTN

Code FEC FTN-ID Tunnel-id Pri LSP-Type Out-
Label Out-Intf Nexthop

R(t)> 29.29.29.29/32 1 5001 Yes LSP DEFAULT 24322

xe2 41.41.41.31

R(t)> 29.29.29.29/32 2 5001 No LSP DEFAULT 24322

xel 69.69.69.42

RTR-30#

RTR-30#show mpls vrf-table
Output for IPv4 VRF table with id: 2
Primary FTN entry with FEC: 43.43.43.0/24, id: 1, row status: Active
Owner: BGP, Action-type: Redirect to Tunnel, Exp-bits: 0x0, Incoming DSCP:

none
Tunnel id: 5001, Protected LSP id: 0, QoS Resource id: 0, Description: N/A
Matched bytes:0, pkts:0, TX bytes:0, Pushed pkts:0
Cross connect ix: 7, in intf: - in label: 0 out-segment ix: 6
Owner: BGP, Persistent: No, Admin Status: Up, Oper Status: Up
Out-segment with ix: 6, owner: BGP, out intf: xel, out label: 25602
Nexthop addr: 29.29.29.29 cross connect ix: 7, op code: Push and
Lookup

Link 41.41.41.0/24 Goes down. Interface xed4l on router 30 is admistratively
disabled with the "shutdown command".

RTR-30#

RTR-30#configure terminal

Enter configuration commands, one per line. End with CNTL/Z.
RTR-30 (config) #int xedl

RTR-30 (config-if) #shutdown

RTR-30 (config-if) #

RTR-30#show rsvp session
Ingress RSVP:

To From State Pri Rt Style Labelin
Labelout LSPName Uptime Est.time D

SType

29.29.29.29 30.30.30.30 Using Backup Yes 0 O SE - -
to 29-Primary N/A DEFAULT

29.29.29.29 30.30.30.30 Dn Yes 0 0 SE - -
to 29-Primary N/A DEFAULT

148 © 2024 IP Infusion Inc. Proprietary



RSVP-TE Configuration

29.29.29.29 69.69.69.30 Up No 1 1 SE -
24322 to 29-Detour 00:10:53 0s 4ms DEF
AULT

Total 3 displayed, Up 1, Down 2.

Egress RSVP:

To From State Pri Rt Style Labelin
Labelout LSPName Uptime Est.time D

SType

30.30.30.30 29.29.29.29 Up Yes 1 1 SE 24960 -
to 30-Primary 00:10:57 N/A ELSP

CON

Total 1 displayed, Up 1, Down O.

RTR-30#show mpls vc-table

VC-ID Vlan-ID Inner-Vlan-ID Access-Intf Network-Intf Out Label
Tunnel-Label Nexthop Status

10 N/A N/A xed xel 24321 24322
29.29.29.29 Active

RTR-30#

RTR-30#show mpls vpls mesh

VPLS-ID Peer Addr Tunnel-Label In-Label Network-Intf Out-Label
Lkps/St PW-INDEX SIG-Protocol Status

30 29.29.29.29 24322 24320 xedl 24320
2/Up 2 LDP Active

Link 41.41.41.0/24 is reestablished. Interfce xed4l is administrativly re-
enabled.

RTR-30#configure terminal

Enter configuration commands, one per line. End with CNTL/Z.
RTR-30 (config) #int xedl

RTR-30 (config-if) #no shutdown

RTR-30 (config-if) #

RTR-30#

RTR-30#show rsvp session
Ingress RSVP:

To From State Pri Rt Style Labelin
Labelout LSPName Uptime Est.time D

SType

29.29.29.29 30.30.30.30 Up Yes 1 1 SE -

24322 to 29-Primary 00:00:01 Os 8ms DEF

AULT

29.29.29.29 69.69.69.30 Up No 1 1 SE -

24322 to 29-Detour 00:00:01 Os 8ms DEF

AULT

Total 2 displayed, Up 2, Down O.

Egress RSVP:

To From State Pri Rt Style Labelin
Labelout LSPName Uptime Est.time D
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Note:

SType

30.30.30.30 29.29.29.29 Up Yes 1 1 SE 24960 -
to 30-Primary 00:13:22 N/A ELSP

_CON

30.30.30.30 25.25.25.42 Up Yes 1 1 SE 24961 -
to 30-Detour 00:00:08 N/A ELSP

CON

Total 2 displayed, Up 2, Down O.

RTR-30#show mpls forwarding-table
Codes: > - installed FTN, * - selected FTN, p - stale FTN,
B - BGP FTN, K - CLI FTN, t - tunnel
L - LDP FTN, R - RSVP-TE FTN, S - SNMP FTN, I - IGP-Shortcut,
U - unknown FTN, O - SR-OSPF FTN, i - SR-ISIS FTN, k - SR-CLI FTN

Code FEC FTN-ID Tunnel-id Pri LSP-Type Out-
Label Out-Intf Nexthop

R(t)> 29.29.29.29/32 1 5001 Yes  LSP DEFAULT 24322
xe4l 41.41.41.31 o

R(t)> 29.29.29.29/32 2 5001 No LSP DEFAULT 24322
xeb54/1 69.69.69.42 -

The primary LSP, which is in using backup state shall continue to use backup path in case where secondary is
provisioned after the LSP state is changed to switch to backup.

MPLS RSVP PING and TRACEROUTE

This example shows MPLS ping and trace route for RSVP

#ping mpls rsvp tunnel-name to 30 detail
Sending 5 MPLS Echos to to 30 , timeout is 5 seconds

Codes:

'!''" - Success, 'Q' - request not sent, '.' - timeout,

'x"'" - Retcode 0, 'M' - Malformed Request, 'm' - Errored TLV,
'N' - LBL Mapping Err, 'D' - DS Mismatch,

'U' - Unknown Interface, 'R' - Transit (LBL Switched),

'B' - IP Forwarded, 'F' No FEC Found, 'f' - FEC Mismatch,
'P' - Protocol Error, 'X' - Unknown code,

'Z' - Reverse FEC Validation Failed

Type 'Ctrl+C' to abort
| —

! seq num = 1 30.30.30.30 0.28 ms
! seq num = 2 30.30.30.30 0.24 ms
! seq num = 3 30.30.30.30 0.22 ms
! seqg num = 4 30.30.30.30 0.22 ms
! seg num = 5 30.30.30.30 0.22 ms

Success Rate is 100.00 percent (5/5)
round-trip min/avg/max = 0.22/0.25/0.28

RTR-29#trace mpls rsvp tunnel-name to 30 detail
Tracing MPLS Label Switched Path to to 30 , timeout is 5 seconds

Codes:
'!''" - Success, 'Q' - request not sent, '.' - timeout,
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'x'" - Retcode 0, 'M' - Malformed Request, 'm' - Errored TLV,
'N' - LBL Mapping Err, 'D' - DS Mismatch,

'U' - Unknown Interface, 'R' - Transit (LBL Switched),

'B' - IP Forwarded, 'F' No FEC Found, 'f' - FEC Mismatch,
'P' - Protocol Error, 'X' - Unknown code,

'2'" - Reverse FEC Validation Failed

Type 'Ctrl+C' to abort

21.21.21.29 [Labels: 24320]
43.43.43.43 [Labels: 24320] 123.22 ms
42 .42 .42 .42 [Labels: 24960] 1.60 ms
30.30.30.30 1.62 ms

-0 X
w N~ o

MPLS RSVP Entropy Label Capabilities

To share the load across multiple members of a LAG port in the core of an MPLS network we can use entropy labels

An Entropy Label is always preceded by an Entropy level indicator which is a special Label with value seven, and
indicates the next label present is an Entropy label. The trade off is the MPLS stack depth increases by two and it
reduces overhead on transit routers.

Note: Load balancing is enabled by default for all the parameters. If you enable load balancing manually, then all the
parameters enabled by default are reset and you need to enable the parameters based on which traffic should
be load balanced.

Entropy labels will only be added when the remote edge node advertises its capability for Entropy.

The examples below show how entropy can be enabled on a provider edge node as per the setup we need to enable
on RTR29 and RTR30 to have entropy enabled in both directions:

(config) #router rsvp
(config-router) #entropy-label-capability

This enables ELC signaling for RSVP.
For validation, use:

#show mpls forwarding-table

Codes: > - installed FTN, * - selected FTN, p - stale FTIN, B - BGP FTN, K - CLI FTN, t -
tunnel

L - LDP FTN, R - RSVP-TE FTN, S - SNMP FTN, I - IGP-Shortcut,
U - unknown FTN, O - SR-OSPF FTIN, i - SR-ISIS FTN, k - SR-CLI FTN

Code FEC FTIN-ID Tunnel-id Pri LSP-Type Out- Label ELC Out-Intf Nexthop
R(t)> 2 9.29.29.29/32 1 5001 Yes LSP_DEFAULT 24322 yes

xe?2 1.41.41.31

R(t)> 29.29.29.29/32 2 5001 No LSP_DEFAULT 4322 yes

xel 69.69.69.42

#show rsvp session ingress detail

Ingress (Primary)

41.41.41.31

From: 29.29.29.29, LSPstate: Up, LSPname: tl-Primary
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Ingress FSM state:
Establishment Time: 0Os 3ms

7, Hold priority: O
CSPF usage: Enabled, CSPF Retry Count:
IGP-Shortcut: Disabled, LSP metric: 1
LSP Protection: None
Label out:

Operational

Setup priority:
0,

Label in: -, 24320, ELC

CSPF Retry Interval:

30 seconds

MPLS RSVP LSP Re-optimization

Follow these steps to configure RSVP LSP Re-optimization.

#configure terminal

Enter configure mode.

(config) #rsvp-trunk T1

Create an RSVP trunk T1 and enter the Trunk mode.

(config-trunk) #reoptimize

Enable re-optimization of the session.

#configure terminal

Enter configure mode.

(config) #router rsvp

Enter RSVP mode

(config-router) #lsp-reoptimization-timer 5

Sets the re-optimization timer for the session.

Follow these steps to force the LSP to be re-optimized.

(config) #rsvp-trunk tl force-reoptimize

Re-optimize the LSP forcefully
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RSVP supports multiple path protection mechanisms and facility backup is one of them. With facility backup protection,

N number of LSPs sharing the common path can be protected using one bypass tunnel which leads to resource
utilization.

Note: Do not configure a facility backup trunk with the same transit node as that of the primary trunk.

Topology

As shown in Figure 7-14, we have four routers R1, R2, R3, and R4.

1111432 2222132 3333732

e —— g e e, ¥e10 P

£ 10.1.2.12/24 J10.2.3.23/24 ¢
xel xe10
10.1.2.21/24 10.2.23.32/24

xeh xeh
10.1.4.14/24 103 4 34/24
xe2 > s xeb
10.1.4.41/24 ﬁ 103.4.43/24
4.444/32

Figure 7-14: RSVP facility backup
Configuration
PE1
#configure terminal Enter configuration mode
(config) #interface lo Specify interface loopback for configuration
(config-if)#ip address 1.1.1.1/32 secondary Configure ip address of loopback
(config-if) #exit Exit interface configuration mode
(config)#interface xel Specify interface xe1 for configuration
(config-if) #ip address 10.1.2.12/24 Configure ip address of interface
(config) #exit Exit interface configuration mode
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config-if) #int xeb5

Specify interface xe1 for configuration

config-if)#ip address 10.1.4.14/24

Configure ip address of loopback

config-if) #exit

Exit configuration mode

config) #router ospf 1

Configure the router OSPF with process id

config-router) #router-id 1.1.1.1

Configure OSPF router-id

config-router) #network 1.1.1.1/32 area 1

Define the network of the interface with area 0

Define the network of the interface with area 0

config-router) #network 10.1.4.0/24 area 1

Define the network of the interface with area 0

)
)
config-router) #network 10.1.2.0/24 area 1
)
)

config-router) #exit

Exit the configure mode

config) #bfd interval 3 minrx 3 multiplier 3

Configure BFD interval

config) #fexit

Exit the configure mode

config) #router ospf 1

Enter router OSPF mode with process id

config-router) #bfd all-interfaces

Enable the OSPF enabled interfaces with bfd

config-router) #fexit

Exit the router mode

config) #router rsvp

Enter router RSVP

config-router) fexit

Exit the router configuration mode

config) #interface xel

Enter the interface mode

config-if) #enable-rsvp

Enable RSVP

config-if) #label-switching

Enable label-switching

config-if) #fexit

Exit the interface configuration mode

config) #interface xe5

Enter the interface mode

config-if) #enable-rsvp

Enable RSVP

config-if) #label-switching

Enable label-switching

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

config-if) #fcommit

Commit the transaction.

P1

config) #finterface lo

Specify the interface (lo)

config-if)#ip address 2.2.2.2/32 secondary

Enter the loopback ip address as secondary

config-if) #exit

Exit the interface configure mode

config-if) #int xel

Specify the interface(xe1)

config-if

#ip address 10.1.2.21/24

Configure the IP address for the interface

config-if) #exit

Exit the interface mode

config-if) #int xelO

Specify the interface(xe1)

config-if)#ip address 10.2.3.23/24

Configure the IP address for the interface

)
)
)
)
)
)
)
)

config-if) #exit

Exit the configuration mode

config) #router ospf 1

Configure OSPF router-id

config-router) #router-id 2.2.2.2

Configure the router id

Define the network of the interface with area 0

config-router) #network 10.1.2.0/24 area 1

Define the network of the interface with area 0

(
(
(
(
(
(
(
(
(
(
(
(
(
(

)

config-router) #network 2.2.2.2/32 area 1
)
)

config-router) #network 10.2.3.0/24 area 1

Define the network of the interface with area 0
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config-router) fexit

Exit the configure mode

config) #bfd interval 3 minrx 3 multiplier 3

Configure BFD interval

config) #exit

Exit the configure mode

config) #router ospf 1

Enter router OSPF mode with process id

config-router) #bfd all-interfaces

Enable the OSPF enabled interfaces with bfd

config-router) #exit

Exit the router mode

config) #router rsvp

Enter router RSVP

config-router) #fexit

Exit the router configuration mode

config) #interface xel

Enter the interface mode

config-if) #enable-rsvp

Enable RSVP

config-if) #label-switching

Enable label-switching

config-if) #exit

Exit the interface configuration mode

config) #interface xell

Enter the interface mode

config-if) #enable-rsvp

Enable RSVP

config-if)#label-switching

Enable label-switching

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

config-if) #commit

Commit the transaction.

P2

config) #interface 1lo

Specify the interface (lo)

config-if) #ip address 3.3.3.3/32 secondary

Enter the loopback ip address as secondary

config-if) #exit

Exit the interface configuration mode

config-if) #int xel0

Specify the interface(xe1)

config-if)#ip address 10.2.3.32/24

Configure the IP address for the interface

Exit the interface mode

config-if)#interface xeb

Specify the interface(xe1)

config-if)#ip address 10.3.4.34/24

Configure the IP address for the interface

)

)

)
config-if) #fexit

)

)

)

config-if) #exit

Exit the configuration mode

config) #router ospf 1

Configure OSPF router-id

config-router) #router-id 3.3.3.3

Configure the router id

config-router) #network 3.3.3.3/32 area 1

Define the network of the interface with area 0

#network 10.3.4.0/24 area 1

Define the network of the interface with area 0

config-router) #network 10.2.3.0/24 area 1

Define the network of the interface with area 0

)
)
config-router)
)
)

config-router) #exit

Exit the configure mode

config) #bfd interval 3 minrx 3 multiplier 3

Configure BFD interval

config) #fexit

Exit the configure mode

config) #router ospf 1

Enter router OSPF mode with process id

config-router) #bfd all-interfaces

Enable the OSPF enabled interfaces with bfd

config-router) fexit

Exit the router mode

config) #router rsvp

Enter router RSVP

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

config-router) #exit

Exit the router configuration mode
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config) #interface xel0

Enter the interface mode

config-if) #enable-rsvp

Enable RSVP

config-if)#label-switching

Enable label-switching

config-if) #fexit

Exit the interface configuration mode

config) #interface xe5

Enter the interface mode

config-if) #enable-rsvp

Enable RSVP

config-if) #label-switching

Enable label-switching

(
(
(
(
(
(
(
(

config-if) #fcommit

Commit the transaction.

PE2

config) #interface 1lo

Specify the interface (lo)

config-if) #ip address 4.4.4.4/32 secondary

Enter the loopback IP address as secondary

config-if) #exit

Exit the interface configuration mode

config-if)#interface xe2

Specify the interface(xe1)

config-if) #ip address 10.1.4.41/24

Configure the ip address for the interface

config-if) #exit

Exit the interface mode

config-if) #int xeb5

Specify the interface(xe1)

config-if)#ip address 10.3.4.43/24

Configure the ip address for the interface

config-if) #exit

Exit the configuration mode

config) #router ospf 1

Configure ospf router-id

config-router) #router-id 4.4.4.4

Configure the router id

config-router) #network 4.4.4.4/32 area 1

Define the network of the interface with area 0

Define the network of the interface with area 0

config-router) #network 10.3.4.0/24 area 1

Define the network of the interface with area 0

)
)
config-router) #network 10.1.4.0/24 area 1
)
)

config-router) #exit

Exit the configure mode

config) #bfd interval 3 minrx 3 multiplier 3

Configure BFD interval

config) ffexit

Exit the configuration mode

config) #router ospf 1

Exit the router OSPF mode with process id

config-router) #bfd all-interfaces

Enable the OSPF enabled interfaces with bfd

config-router) #fexit

Exit the router mode

config) #router rsvp

Enter router RSVP

config-router) fexit

Exit the router configuration mode

config) #interface xel

Enter the interface mode

config-if) #enable-rsvp

Enable RSVP

config-if) #label-switching

Enable label-switching

config-if) #fexit

Exit the interface configuration mode

config) #interface xeb

Enter the interface mode

config-if) #enable-rsvp

Enable RSVP

config-if) #label-switching

Enable label-switching

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

config-if) #commit

Commit the transaction.
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RSVP Path on PE1

config) #rsvp-path primary 1

Enter the rsvp-path configuration mode with name

config-path)#10.1.2.21 strict

Specify the first next-hop ip address

config-path)#10.2.3.32 strict

Specify the second next-hop ip address

Exit the rsvp-path configuration mode

(
(
(
(config-path) #exit
#

configure terminal

Enter the configuration mode

config) #rsvp-path bypass 1

Enter the rsvp-path configuration mode with name

config-path)#10.1.4.41 strict

Specify the first next-hop ip address

config-path) #10.3.4.34 strict

Specify the second next-hop ip address

Exit the rsvp-path configuration mode

(
(
(
(config-path) #exit
#

configure terminal

Enter the configuration mode

config) #rsvp-trunk R1-R3

Enter the rsvp trunk to be created with name

config-trunk) #primary path primary 1

Configure primary path for the trunk

config-trunk) #to 3.3.3.3

Enter the destination ip

config-trunk) #primary fast-reroute

Configure facility backup protection for the trunk

config-trunk) #fexit

Exit the configuration mode

config) #rsvp-bypass B1-B8

Enter the rsvp bypass to be created with name

config-trunk) #path bypass 1

Configure primary path for the trunk

config-trunk) #to 3.3.3.3

Enter the destination IP

(
(
(
(
protection facility
(
(
(
(
(

config-if) #commit

Commit the transaction.

Validation

OSPF Neighborship

PE1
#show ip ospf neighbor

Total number of full neighbors:

OSPF process 1 VRF (default):

Neighbor ID Pri State
Instance ID
2.2.2.2 1
0

4.4.4.4 1
0

Full/Backup

Full/DR

P1
#show ip ospf neighbor

Total number of full neighbors:

OSPF process 1 VRF (default):
Neighbor ID Pri State

2

2

Dead Time

00:00:38

00:00:33

Dead Time

Address Interface
10.1.2.21 xel
10.1.4.41 xeb

Address Interface

Instance ID

© 2024 IP Infusion Inc. Proprietary

157



RSVP-TE Facility Backup (Facility Bypass)

1.1.1.1 1 Full/DR 00:00:35 10.1.2.12 xel 0
3.3.3.3 1 Full/Backup 00:00:34 10.2.3.32 xel0 0
P2

#show ip ospf neighbor

Total number of full neighbors: 2
OSPF process 1 VRF(default):

Neighbor ID Pri State Dead Time Address Interface Instance ID
2.2.2.2 1 Full/DR 00:00:37 10.2.3.23 xel0 0
4.4.4.4 1 Full/Backup 00:00:39 10.3.4.43 xe5 0

PE2

#show ip ospf neighbor

Total number of full neighbors: 2
OSPF process 1 VRF (default):

Neighbor ID Pri State Dead Time Address Interface Instance ID
1.1.1.1 1 Full/Backup 00:00:38 10.1.4.14 xe?2 0
3.3.3.3 1 Full/DR 00:00:36 10.3.4.34 xeb 0

RSVP Session

PE1
#show rsvp session
Type : PRI - Primary, SEC - Secondary, DTR - Detour, BPS - Bypass

State : UP - Up, DN - Down, BU - Backup in Use, SU - Secondary in Use, FS - Forced to
Secondary

* indicates the session is active with local repair at one or more nodes

Ingress RSVP:

To From Type LSPName State Uptime Rt
Style Labelin Labelout DSType

3.3.3.3 1.1.1.1 PRI R1-R3-Primary up 00:54:48 1
1 SE - 24321 DEFAULT

3.3.3.3 1.1.1.1 BPS B1-B4-Bypass UP 01:08:32 1
1 SE - 24321 DEFAULT

Total 2 displayed, Up 2, Down O.
#show rsvp bypass
Ingress RSVP:

To From LSPName State Uptime Rt Style
Labelin Labelout DSType

3.3.3.3 1.1.1.1 B1-B4-Bypass Up 01:09:17 1 1 SE

- 24321 DEFAULT

#show rsvp bypass protected-lsp-list
Bypass trunk: Bl-B4

Bypass trunk bandwidth type: best-effort
List of LSP's Protected:

Tunnel-id Lsp Id Lsp Name Role Ext tnl id Ingress
Egress
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5001 2202 R1-R3-Primary Ingress
3.3.3.3

Total LSP protected : 1

Bandwidth in use : 0

#show rsvp bypass B1-B4 protected-lsp-list
Bypass trunk: B1-B4

Bypass trunk bandwidth type: best-effort

List of LSP's Protected:

Tunnel-id Lsp Id Lsp Name Role
Egress

5001 2202 R1-R3-Primary Ingress
3.3.3.3

Total LSP protected : 1

Bandwidth in use : 0

#show rsvp session detail

Ingress (Primary)

3.3.3.3
From:

1.1.1.1, LSPname:

Ingress FSM state:

LSPstate: Up,
Operational

R1-R3-Primary
Establishment Time: 0Os 8ms

Setup priority: 7, Hold priority: O
CSPF usage: Enabled, CSPF Retry Count:
IGP-Shortcut: Disabled, LSP metric: 2
LSP Protection: facility

Fast-Reroute bandwidth : 0

Protection type desired: Link

0,

Fast-Reroute Setup priority: 7, Hold priority: O
Bypass trunk: B1-B4, Merge Point: 10.2.3.32, MP Label:
Bypass OutLabel: 24321, OutIntf: xeb
Protection provided -> Type: Link, BW: Best-effort
Label in: -, Label out: 24321
Tspec rate: 0, Fspec rate: 0
Policer: Not Configured
Tunnel Id: 5001, LSP Id: 2202, Ext-Tunnel Id: 1.1.1.1
Downstream: 10.1.2.21, xel

(RR enabled)
(due in 0 seconds)

30 seconds
0 seconds
157 seconds

Path refresh:
Resv refresh:
Resv lifetime: (due in 150 seconds)
Retry count: 0, intrvl: 30 seconds

RRO re-use as ERO: Disabled

Enabled

none

Label Recording:
Admin Groups:
Configured Path: primary 1 (in use)
Configured Explicit Route Detail
10.1.2.21/32 strict
10.2.3.32/32 strict

Session Explicit Route Detail

CSPF Retry Interval:

1.1.1.1 1.1.1.1
Ext tnl id Ingress
1.1.1.1 1.1.1.1

30 seconds

3

(due in 26564 seconds)
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10.1.2.21/32 strict
10.2.3.32/32 strict
Record route:

LP = 1 -> PLR's Downstream link is protected PU
PLR

NP = 1 -> PLR's Downstream neighbor is protected BP

IP Address Label (LP, PU, NP, BP)
<self>

10.1.2.21 24321 (o0, 0, 0, )
10.2.3.32 3 (o0, 0, 0O, )

Style: Shared Explicit Filter

Traffic type: controlled-load

Minimum Path MTU: 1500

Last Recorded Error Code: None

Last Recorded Error Value: None

Node where Last Recorded Error originated: None
Trunk Type: mpls

Ingress (Bypass)

3.3.3.3
From: 1.1.1.1, LSPstate: Up, LSPname: Bl1-B4-Bypass
Ingress FSM state: Operational
Establishment Time: 0Os 1l4ms

Setup priority: 7, Hold priority: O

CSPF usage: Enabled, CSPF Retry Count: 0, CSPF Retry Interval:

IGP-Shortcut: Disabled, LSP metric: 2

LSP Protection: None

Bypass trunk bandwidth type: Best-effort

Label out: 24321

Tspec rate: 0, Fspec rate: 0

Policer: Not Configured

Tunnel Id: 5002, LSP Id: 2203, Ext-Tunnel Id: 1.1.1.1
Downstream: 10.1.4.41, xe5

(RR enabled)
Resv lifetime: 157 seconds
Retry count: 0, intrvl: 30 seconds
RRO re-use as ERO: Disabled

Label Recording: Disabled

Admin Groups: none

Label in: -,

Path refresh: 30 seconds
(due in 139 seconds)

Configured Path: bypass 1 (in use)
Configured Explicit Route Detail
10.1.4.41/32 strict
10.3.4.34/32 strict
Session Explicit Route Detail
10.1.4.41/32 strict
10.3.4.34/32 strict

Record route:

IP Address

1 -> Protection is in use on

1 -> BW protection available

30 seconds

(due in 25747 seconds)
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<self>
10.1.4.41
10.3.4.34
Style: Shared Explicit Filter
Traffic type: controlled-load
Minimum Path MTU: 1500
Last Recorded Error Code: None
Last Recorded Error Value: None
Node where Last Recorded Error originated: None
Trunk Type: mpls
Total LSP protected : 1, Bandwidth in use : 0

P1

#show rsvp session
Type : PRI - Primary, SEC - Secondary, DTR - Detour, BPS - Bypass

State : UP - Up, DN - Down, BU - Backup in Use, SU - Secondary in Use, FS - Forced to
Secondary

* indicates the session is active with local repair at one or more nodes

Transit RSVP:

To From Type LSPName State Uptime Rt
Style Labelin Labelout DSType

3.3.3.3 1.1.1.1 PRI R1-R3-Primary UP 00:57:44 1
1 SE 24321 3 ELSP_CON

Total 1 displayed, Up 1, Down O.

#show rsvp session de
Transit
3.3.3.3
From: 1.1.1.1, LSPstate: Up, LSPname: R1-R3-Primary
Transit upstream state: Operational, downstream state: Operational
Setup priority: 7, Hold priority: O
IGP-Shortcut: Disabled, LSP metric: 65
LSP Protection: facility
Fast-Reroute bandwidth : 0
Protection type desired: Link
Fast-Reroute Setup priority: 7, Hold priority: O
Label in: 24321, Label out: 3
Tspec rate: 0, Fspec rate: 0
Tunnel Id: 5001, LSP Id: 2202, Ext-Tunnel Id: 1.1.1.1
Downstream: 10.2.3.32, xel0 Upstream: 10.1.2.12, xel
Path refresh: 30 seconds (RR enabled) (due in 26500 seconds)
Path lifetime: 157 seconds (due in 126 seconds)
Resv refresh: 30 seconds (RR enabled) (due in 20926 seconds)
Resv lifetime: 157 seconds (due in 151 seconds)
RRO re-use as ERO: Disabled
Label Recording: Enabled
Admin Groups: Received Explicit Route Detail
10.1.2.21/32 strict
10.2.3.32/32 strict
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Session Explicit Route Detail
10.2.3.32/32 strict
Record route:

IP Address Label
10.1.2.12 24321
<self>

10.2.3.32 3

Style: Shared Explicit Filter

Traffic type: controlled-load

Minimum Path MTU: 1500

LSP Type: ELSP_CONFIG

CLASS DSCP_value EXP value

Last Recorded Error Code: None

Last Recorded Error Value: None

Node where Last Recorded Error originated: None
Trunk Type: mpls

P2
#show rsvp session
Type : PRI - Primary, SEC - Secondary, DTR - Detour, BPS - Bypass

State : UP - Up, DN - Down, BU - Backup in Use, SU - Secondary in Use, FS - Forced to
Secondary

* indicates the session is active with local repair at one or more nodes

Egress RSVP:

To From Type LSPName State Uptime Rt
Style Labelin Labelout DSType

3.3.3.3 1.1.1.1 PRI R1-R3-Primary UP 00:58:47 1
1 SE 3 - ELSP_CON

3.3.3.3 1.1.1.1 PRI B1-B4-Bypass UP 01:12:30 1
1 SE 3 - ELSP _CON

Total 2 displayed, Up 2, Down O

#show rsvp session detail
Egress
3.3.3.3
From: 1.1.1.1, LSPstate: Up, LSPname: R1-R3-Primary
Egress FSM state: Operational
Setup priority: 7, Hold priority: O
IGP-Shortcut: Disabled, LSP metric: 65
LSP Protection: facility
Fast-Reroute bandwidth : 0
Protection type desired: Link
Fast-Reroute Setup priority: 7, Hold priority: O
Label in: 3, Label out: -
Tspec rate: 0, Fspec rate: 0
Tunnel Id: 5001, LSP Id: 2202, Ext-Tunnel Id: 1.1.1.1
Upstream: 10.2.3.23, xel0
Path lifetime: 157 seconds (due in 140 seconds)
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Resv refresh: 30 seconds (RR enabled) (due in 37780 seconds)
RRO re-use as ERO: Disabled
Label Recording: Enabled
Admin Groups: Received Explicit Route Detail
10.2.3.32/32 strict
Record route:

IP Address Label
10.1.2.12 24321
10.2.3.23 3
<self>

Style: Shared Explicit Filter
Traffic type: controlled-load
Minimum Path MTU: 1500
LSP Type: ELSP _CONFIG
CLASS DSCP_value EXP value
Last Recorded Error Code: None
Last Recorded Error Value: None
Node where Last Recorded Error originated: None
Trunk Type: mpls
Egress
3.3.3.3
From: 1.1.1.1, LSPstate: Up, LSPname: Bl-B4-Bypass
Egress FSM state: Operational
Setup priority: 7, Hold priority: O
IGP-Shortcut: Disabled, LSP metric: 65
LSP Protection: None
Label in: 3, Label out: -
Tspec rate: 0, Fspec rate: 0
Tunnel Id: 5002, LSP Id: 2203, Ext-Tunnel Id: 1.1.1.1
Upstream: 10.3.4.43, xeb
Path lifetime: 157 seconds (due in 134 seconds)
Resv refresh: 30 seconds (RR enabled) (due in 29222 seconds)
RRO re-use as ERO: Disabled
Label Recording: Disabled
Admin Groups: Received Explicit Route Detail
10.3.4.34/32 strict
Record route:

10.1.4.14

10.3.4.43

<self>

Style: Shared Explicit Filter
Traffic type: controlled-load
Minimum Path MTU: 1500

LSP Type: ELSP CONFIG
CLASS DSCP_value EXP value
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Last Recorded Error Code: None

Last Recorded Error Value: None

Node where Last Recorded Error originated: None
Trunk Type: mpls.

PE2

#show rsvp session

Type : PRI - Primary, SEC - Secondary, DTR - Detour, BPS

- Bypass

State : UP - Up, DN - Down, BU - Backup in Use, SU - Secondary in Use,

Secondary

* indicates the session is active with local repair at one or more nodes

Transit RSVP:

To From Type LSPName

Style Labelin Labelout DSType

3.3.3.3 1.1.1.1 PRI B1-B4-Bypass
1 SE 24321 3 ELSP CON

Total 1 displayed, Up 1, Down O.

#show rsvp session detail
Transit
3.3.3.3
From: 1.1.1.1, LSPstate: Up, LSPname: Bl-B4-Bypass

Transit upstream state: Operational, downstream state:

Setup priority: 7, Hold priority: O

IGP-Shortcut: Disabled, LSP metric: 65

LSP Protection: None

Label in: 24321, Label out: 3

Tspec rate: 0, Fspec rate: 0

Tunnel Id: 5002, LSP Id: 2203, Ext-Tunnel Id: 1.1.1.1
Downstream: 10.3.4.34, xe5 Upstream: 10.1.4.14, xe2

State Uptime

Operational

Path refresh: 30 seconds (RR enabled) (due in 25543 seconds)

Path lifetime: 157 seconds (due in 146 seconds)

Resv refresh: 30 seconds (RR enabled) (due in 17729 seconds)

Resv lifetime: 157 seconds (due in 135 seconds)
RRO re-use as ERO: Disabled
Label Recording: Disabled
Admin Groups: Received Explicit Route Detail
10.1.4.41/32 strict
10.3.4.34/32 strict
Session Explicit Route Detail
10.3.4.34/32 strict
Record route:

10.1.4.14

<self>

10.3.4.34

Style: Shared Explicit Filter

UP

01:14:12

FS - Forced to

Rt

1
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Traffic type: controlled-load

Minimum Path MTU: 1500

LSP Type: ELSP_CONFIG

CLASS DSCP_value EXP value

Last Recorded Error Code: None

Last Recorded Error Value: None

Node where Last Recorded Error originated: None
Trunk Type: mpls

Limitations

Dedicated Bypass Bandwidth
Refer the topology defined above.

Suppose we have two primary tunnels P1 (100mbps) and P2(20mbps) ingressing from R1 and egressing at R3 (path
R1->R2>R3) and asking for BW protection and we have two Bypass tunnels bp1 (120mbps) and bp2( 80mbps) type
dedicated with same ingress and egress router taking Path R1->R4->R3. Below are the two cases defined in which we
can observe different kinds of behavior.

1. Let the primary P1 and P2 come up.
CASE 1:

i) If the bypass bp1 (120mbps) comes up first it will give protection to both the primaries P1 and P2. bp2 should remain
idle and will not give protection if there are no other primary tunnels asking for it.

CASE 2:

i) If the bypass bp2 (80mbps) comes up first it will give protection to only the primary P2 (20mbps) that will have
satisfied protection which will not be changed until the bypass will go down.

ii) After that if bp1 (120mbps) comes it will provide protection to primary P1 (100mbps).

So in the CASE 1 after the protection has been provided to both the primary tunnels P1 and P2 by bypass bp1 if new
primary tunnel P3 comes up with BW protection of 80mbps it would be given by bp2 (80mbps).

But in the CASE 2 as bp2 has only 60mbps left (20mbps is being used by P2) and it would not give protection to P3
tunnel and it will remain unprotected. To get the protection new tunnel has to have setup and hold priorities higher than
other tunnels which are already been served with the bypass protection.

Secondary Tunnel

Suppose we have primary tunnel P1 (100mbps) ingressing from R1 and egressing at R3 (path R1->R2>R3) and asking
for BW protection and we have Bypass tunnel bp1 (120mbps) type dedicated with same ingress and egress router
taking Path R1->R4->R3. Then Bypass will start providing protection to primary P1.

If the primary went down it will start using the local protection.

After that if the secondary tunnel is provisioned, primary LSP, which is in using backup state shall continue to use
backup path and will not shift over to secondary path.

Facility Bypass with Ring Topology Configuration

This section contains a complete Facility Bypass with Ring Topology configuration.
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During facility bypass integration to OcNOS SP, few issues were reported when upstream and downstream interfaces
of a session happens to be same (i.e. protection path is same as upstream path) and also CSPF most likely had some
issues where LSP path used to formed by crossing the head node of the path.

Considering the information available in RSVP to impose restriction, bypass tunnel path crossing primary LSP node
anywhere in between merge point were not considered for mapping.

Below assumption point was added in ERD and documents were updated on the line.

If protection is requested by primary session, then initial bypass matching criteria will be to ensure egress (merge point)
node of bypass will be one of the nodes of primary LSP and bypass never intersect any node of primary LSP until the
merge point.

The facility bypass method takes advantage of the MPLS label stack. Instead of creating a separate LSP for every
backed-up LSP, a single LSP is created that serves to back up a set of LSPs. We call such an LSP tunnel a bypass
tunnel. The bypass tunnel must intersect the path of the original LSP(s) somewhere downstream of the PLR. Naturally,
this constrains the set of LSPs being backed up via that bypass tunnel to those that pass through some common
downstream node. All LSPs that pass through the point of local repair and through this common node that do not also
use the facilities involved in the bypass tunnel are candidates for this set of LSPs.

By multiple facility bypass tunnels, we mean that multiple facility bypass tunnels can be created to the same egress/
MP. For a protected LSP there could be multiple candidates available. The mapping of the LSP to one of the backup
tunnels has to be efficiently done so that we can extract the maximum benefit out of those backup tunnels available

Topology
Figure 7-15 displays a sample Facility Bypass with Ring topology.

Figure 7-15: Facility Bypass with Ring Topology

Configurations

All configuration commands in the table below should be followed for each router.

R1
#configure terminal Enter configure mode.
(config) #interface 1lo Enter interface mode.

(config-if)#ip address 1.1.1.1/32 secondary Configure IP address for the loopback interface.
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config-if) #ip router isis ISIS-IGP

Enable IS-IS routing on an interface

config-if) #fexit

Exit interface mode.

config) #bfd interval 3 minrx 3 multiplier

Configure BFD interval

config) #router-id 1.1.1.1

Assigning router-id

config) #router rsvp

Enter router mode for RSVP.

config-router) #exit

Exit router configuration mode.

config) #interface xe8

Specify the Interface to be configured.

config-if) #ip address 10.1.1.1/24

Configure IP address for the interface.

config-if) #no shutdown

Administratively bringing up the interface.

config-if) #label-switching

Enable label switching on the interface

Configure the ISIS interface network type as point to point

config-if)#ip router isis ISIS-IGP

Enable IS-IS routing on an interface

config-if) #enable-rsvp

Enable rsvp configuration on interface

)
)
)
config-if) #isis network point-to-point
)
)
)

Exit interface mode.

config)#interface xe20

Specify the Interface to be configured

config-if)#ip address 12.1.1.1/24

Configure IP address for the interface.

config-if) #no shutdown

Administratively bringing up the interface.

Enable label switching on the interface

config-if) #isis network point-to-point

Configure the ISIS interface network type as point to point

)

)
config-if)#label-switching

)

)

config-if)#ip router isis ISIS-IGP

Enable IS-IS routing on an interface

config-if) #enable-rsvp

Enable rsvp configuration on interface

config-if) #fexit

Exit interface mode.

config) #router isis ISIS-IGP

Create an IS-IS routing instance

config-router) #is-type level-1

Configure instance as level-1only routing.

config-router) #metric-style wide

Configure the new style of metric type as wide.

config-router) #mpls traffic-eng router-id

(
(
(
(
(
(
(
(
(
(
(
(
(
(config-if) #fexit
(
(
(
(
(
(
(
(
(
(
(
(
1.1.1.1

Configure MPLS-TE unique router-id TLV.

config-router) #mpls traffic-eng level-1

Enable MPLS-TE in is-type Level-1

config-router) #capability cspf

Enable CSPF feature for ISIS instance.

Configure the hostname to be advertised for an ISIS instance

config-router) #bfd all-interfaces

Enable BFD for all neighbors.

(
(
(config-router) #dynamic-hostname
(
(

config-router) #net 49.0000.0000.0001.00

Set a Network Entity Title for this instance, specifying the area
address and the system ID.

config-router) fexit

Exit router mode.

config) #rsvp-path R1-R5-PRI-001

Create a rsvp path

config-path)#10.1.1.2 strict

Configure this explicit router path as a strict hop

config-path)#14.1.1.3 strict

Configure this explicit router path as a strict hop

config-path)#17.1.1.3 strict

Configure this explicit router path as a strict hop

config-path) #fexit

Exit the rsvp-path mode

config) #rsvp-path R1-R5-BPS-001

Create a rsvp path

_~ |~~~ |~ ~| ~ ]| ~

config-path)#12.1.1.2 strict

Configure this explicit router path as a strict hop
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config-path)#15.1.1.3 strict

Configure this explicit router path as a strict hop

config-path) #fexit

Exit the rsvp-path mode

config) #rsvp-trunk RI1-R5-PRI-001

Enter the trunk mode for RSVP

(
(
(
(config-trunk) #primary fast-reroute
protection facility

Configure primary fast-reroute protection facility for a trunk.

(config-trunk) #primary fast-reroute node-
protection

Configure primary fast-reroute node protection for a trunk.

(config-trunk) #primary path R1-R5-PRI-001

Configure trunk to use the defined path.

config-trunk)#to 5.5.5.5

Specify the IPv4 egress (destination point) for the LSP

config-path) ffexit

Exit the rsvp-trunk mode

confiqg) #rsvp-bypass R1-R5-BPS-001

Enter the bypass mode for RSVP

Configure path for bypass tunnel

config-trunk)#to 5.5.5.5

Specify the IPv4 egress (destination point) for the LSP

config-path) #fexit

Exit the rsvp-bypass mode

(
(
(
(config-trunk) #path R1-R5-BPS-001
(
(
(

config) #commit

Commit the transaction.

R2

fconfigure terminal

Enter configure mode.

config) #interface 1lo

Enter interface mode.

config-if) #ip address 2.2.2.2/32 secondary

Configure IP address for the loopback interface.

config-if)#ip router isis ISIS-IGP

Enable IS-IS routing on an interface

config-if) #exit

Exit interface mode.

config) #router-id 2.2.2.2

Assigning router-id

config) #bfd interval 3 minrx 3 multiplier

Configure BFD interval

config) #router rsvp

Enter router mode for RSVP.

config-router) fexit

Exit router configuration mode.

config) #finterface xe29

Specify the Interface to be configured.

config-if)#ip address 10.1.1.2/24

Configure IP address for the interface.

config-if) #no shutdown

Administratively bringing up the interface.

Enable label switching on the interface

Configure the ISIS interface network type as point to point

config-if) #ip router isis ISIS-IGP

Enable IS-IS routing on an interface

config-if) #enable-rsvp

Enable rsvp configuration on interface

)
)
)
config-if)#isis network point-to-point
)
)
)

config-if) #exit

Exit interface mode.

config) #interface xe5

Specify the Interface to be configured

config-if) #ip address 14.1.1.2/24

Configure IP address for the interface.

config-if) #no shutdown

Administratively bringing up the interface.

config-if) #label-switching

Enable label switching on the interface

Configure the ISIS interface network type as point to point

config-if)#ip router isis ISIS-IGP

Enable IS-IS routing on an interface

(
(
(
(
(
(
(
(
(
(
(
(config-if) #label-switching
(
(
(
(
(
(
(
(
(
(
(

)
)
)
config-if) #isis network point-to-point
)
)

config-if) #enable-rsvp

Enable rsvp configuration on interface
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config-if) #fexit

Exit interface mode.

config) #router isis ISIS-IGP

Create an IS-IS routing instance

config-router) #is-type level-1

Configure instance as level-1only routing.

Configure the new style of metric type as wide.

config-router) #mpls traffic-eng router-id

(
(
(
(config-router) #metric-style wide
(
2.2.2.2

Configure MPLS-TE unique router-id TLV.

config-router) #mpls traffic-eng level-1

Enable MPLS-TE in is-type Level-1

config-router) #capability cspf

Enable CSPF feature for ISIS instance.

Configure the hostname to be advertised for an ISIS instance

config-router) #bfd all-interfaces

Enable BFD for all neighbors.

( )
( )
(config-router) #dynamic-hostname
( )
( )

config-router) #net 49.0000.0000.0002.00

Set a Network Entity Title for this instance, specifying the area
address and the system ID.

(config-router) ffexit

Exit router mode.

(config) #commit

Commit the transaction.

R3

#configure terminal

Enter configure mode.

config) #finterface 1lo

Enter interface mode.

config-if)#ip address 3.3.3.3/32 secondary

Configure IP address for the loopback interface.

config-if)#ip router isis ISIS-IGP

Enable IS-IS routing on an interface

config-if) #fexit

Exit interface mode.

config) #router-id 3.3.3.3

Assigning router-id

config) #bfd interval 3 minrx 3 multiplier

Configure BFD interval

config) #router rsvp

Enter router mode for RSVP.

config-router) #exit

Exit router configuration mode.

config) #interface xe7

Specify the Interface to be configured.

config-if) #ip address 12.1.1.2/24

Configure IP address for the interface.

config-if) #no shutdown

Administratively bringing up the interface.

config-if) #label-switching

Enable label switching on the interface

Configure the ISIS interface network type as point to point

config-if)#ip router isis ISIS-IGP

Enable IS-IS routing on an interface

config-if) #enable-rsvp

Enable rsvp configuration on interface

)
)
)
config-if) #isis network point-to-point
)
)
)

config-if) #exit

Exit interface mode.

config) #interface xeo6

Specify the Interface to be configured

config-if)#ip address 15.1.1.2/24

Configure IP address for the interface.

config-if) #no shutdown

Administratively bringing up the interface.

config-if)#label-switching

Enable label switching on the interface

Configure the ISIS interface network type as point to point

config-if)#ip router isis ISIS-IGP

Enable IS-IS routing on an interface

config-if) #enable-rsvp

Enable rsvp configuration on interface

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

)
)
)
config-if) #isis network point-to-point
)
)
)

config-if) #exit

Exit interface mode.
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config) #router isis ISIS-IGP

Create an IS-IS routing instance

config-router) #is-type level-1

Configure instance as level-1only routing.

config-router) #metric-style wide

Configure the new style of metric type as wide.

(
(
(
écgngi%—router)#mpls traffic-eng router-id

Configure MPLS-TE unique router-id TLV.

config-router) #mpls traffic-eng level-1

Enable MPLS-TE in is-type Level-1

config-router) #capability cspf

Enable CSPF feature for ISIS instance.

Configure the hostname to be advertised for an ISIS instance

config-router) #bfd all-interfaces

Enable BFD for all neighbors.

( )
( )
(config-router) #dynamic-hostname
( )
( )

config-router)#net 49.0000.0000.0003.00

Set a Network Entity Title for this instance, specifying the area

address and the system ID.

(config-router) #exit

Exit router mode.

(config) #commit

Commit the transaction.

R4

#configure terminal

Enter configure mode.

config) #interface 1lo

Enter interface mode.

config-if) #ip address 4.4.4.4/32 secondary

Configure IP address for the loopback interface.

config-if)#ip router isis ISIS-IGP

Enable IS-IS routing on an interface

config-if) #fexit

Exit interface mode.

config) #frouter-id 4.4.4.4

Assigning router-id

config) #bfd interval 3 minrx 3 multiplier

Configure BFD interval

config) #router rsvp

Enter router mode for RSVP.

config-router) #fexit

Exit router configuration mode.

config) #interface xed

Specify the Interface to be configured.

config-if) #ip address 17.1.1.2/24

Configure IP address for the interface.

config-if)#no shutdown

Administratively bringing up the interface.

config-if)#label-switching

Enable label switching on the interface

Configure the ISIS interface network type as point to point

config-if)#ip router isis ISIS-IGP

Enable IS-IS routing on an interface

config-if) #enable-rsvp

Enable rsvp configuration on interface

config-if) #exit

Exit interface mode.

config) #interface xe6

Specify the Interface to be configured

config-if)#ip address 14.1.1.3/24

Configure IP address for the interface.

config-if) #no shutdown

Administratively bringing up the interface.

config-if) #label-switching

Enable label switching on the interface

Configure the ISIS interface network type as point to point

config-if) #ip router isis ISIS-IGP

Enable IS-IS routing on an interface

config-if) #enable-rsvp

Enable rsvp configuration on interface

)
)
)
config-if)#isis network point-to-point
)
)
)

config-if) #exit

Exit interface mode.

(

(

(

(

(

(

(

(

(

( )
( )
( )
(config-if) #isis network point-to-point
( )
( )
( )
(

(

(

(

(

(

(

(

(

config) #router isis ISIS-IGP

Create an IS-IS routing instance
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config-router) #is-type level-1

Configure instance as level-1only routing.

config-router) #metric-style wide

Configure the new style of metric type as wide.

(
(
(config-router) #mpls traffic-eng router-id
4.4.4.4

Configure MPLS-TE unique router-id TLV.

config-router) #mpls traffic-eng level-1

Enable MPLS-TE in is-type Level-1

config-router) #capability cspf

Enable CSPF feature for ISIS instance.

Configure the hostname to be advertised for an ISIS instance

config-router) #bfd all-interfaces

Enable BFD for all neighbors.

( )
( )
(config-router) #dynamic-hostname
( )
( )

config-router) #net 49.0000.0000.0004.00

Set a Network Entity Title for this instance, specifying the area
address and the system ID.

(config-router) #exit

Exit router mode.

(config) #commit

Commit the transaction.

RS

fconfigure terminal

Enter configure mode.

config) #interface 1lo

Enter interface mode.

config-if) #ip address 5.5.5.5/32 secondary

Configure IP address for the loopback interface.

config-if)#ip router isis ISIS-IGP

Enable IS-IS routing on an interface

config-if) #exit

Exit interface mode.

config) #router-id 5.5.5.5

Assigning router-id

config) #bfd interval 3 minrx 3 multiplier

Configure BFD interval

config) #router rsvp

Enter router mode for RSVP.

config-router) fexit

Exit router configuration mode.

config) #interface xel2

Specify the Interface to be configured.

config-if)#ip address 17.1.1.3/24

Configure IP address for the interface.

config-if) #no shutdown

Administratively bringing up the interface.

config-if) #label-switching

Enable label switching on the interface

Configure the ISIS interface network type as point to point

Enable IS-IS routing on an interface

config-if) #enable-rsvp

Enable rsvp configuration on interface

)
)
)
config-if)#isis network point-to-point
)
)
)

config-if) #exit

Exit interface mode.

config) #interface xel

Specify the Interface to be configured

config-if) #ip address 15.1.1.3/24

Configure IP address for the interface.

config-if) #no shutdown

Administratively bringing up the interface.

config-if) #label-switching

Enable label switching on the interface

Configure the ISIS interface network type as point to point

config-if)#ip router isis ISIS-IGP

Enable IS-IS routing on an interface

config-if) #enable-rsvp

Enable rsvp configuration on interface

)
)
)
config-if) #isis network point-to-point
)
)
)

config-if) #exit

Exit interface mode.

config) #router isis ISIS-IGP

Create an IS-IS routing instance

(
(
(
(
(
(
(
(
(
(
(
(
(
(config-if) #ip router isis ISIS-IGP
(
(
(
(
(
(
(
(
(
(
(
(

config-router) #is-type level-1

Configure instance as level-1only routing.
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config-router) #metric-style wide Configure the new style of metric type as wide.

(
(config-router) #mpls traffic-eng router-id Configure MPLS-TE unique router-id TLV.
5.5.5.5

(config-router) #mpls traffic-eng level-1 Enable MPLS-TE in is-type Level-1

(config-router) #capability cspf Enable CSPF feature for ISIS instance.

(config-router) #dynamic-hostname Configure the hostname to be advertised for an ISIS instance

(config-router) #bfd all-interfaces Enable BFD for all neighbors.

(config-router) #net 49.0000.0000.0005.00 Set a Network Entity Title for this instance, specifying the area
address and the system ID.

(config-router) #exit Exit router mode.

(config) #commit Commit the transaction.

Validation

RSVP Session
Validate that the RSVP Session is up.

R1:
Rl#show rsvp session
Type : PRI - Primary, SEC - Secondary, DTR - Detour, BPS - Bypass

State : UP - Up, DN - Down, BU - Backup in Use, SU - Secondary in Use, FS - Forced to
Secondary

* indicates the session is active with local repair at one or more nodes
(P) indicates the secondary-priority session is acting as primary

Ingress RSVP:

To From Type LSPName State Uptime Rt
Style Labelin Labelout DSType

5.5.5.5 1.1.1.1 PRI R1-R5-PRI-001-Primary UP 00:49:18
1 1 SE - 52480 DEFAULT

5.5.5.5 1.1.1.1 BPS R1-R5-BPS-001-Bypass UP 05:24:23
1 1 SE - 25600 DEFAULT

Total 2 displayed, Up 2, Down 0.

Rl#show rsvp session detail
Ingress (Primary)
5.5.5.5
From: 1.1.1.1, LSPstate: Up, LSPname: R1-R5-PRI-001-Primary
Ingress FSM state: Operational
Establishment Time: 322s 925ms
Setup priority: 7, Hold priority: O
CSPF usage: Enabled, CSPF Retry Count: 0, CSPF Retry Interval: 30 seconds
LSP Re-Optimization: Disabled, Re-Optimization Timer: NA, Cspf Client: ISIS
IGP-Shortcut: Disabled, LSP metric: 30
LSP Protection: facility
Fast-Reroute bandwidth : 0
Protection type desired: Node
Fast-Reroute Hop limit: 255
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Fast-Reroute Setup priority: 7, Hold priority: O
Bypass trunk: R1-R5-BPS-001, Merge Point: 17.1.1.3, MP Label: 25600
Bypass OutLabel: 25600, OutIntf: xe20
Protection provided -> Type: Node, BW: Best-effort
Label in: -, Label out: 52480,
Tspec rate: 0, Fspec rate: 0
Policer: Not Configured
Tunnel Id: 5001, LSP Id: 2201, Ext-Tunnel Id: 1.1.1.1
Bind value: 0, Oper state: NA, Alloc mode: NA
Downstream: 10.1.1.2, xe8
Path refresh: 30 seconds (RR enabled) (due in 27023 seconds)
Resv refresh: 0 seconds (due in 0 seconds)
Resv lifetime: 157 seconds (due in 128 seconds)
Retry count: 0, intrvl: 30 seconds
RRO re-use as ERO: Disabled
Label Recording: Enabled
Admin Groups: none
Configured Path: R1-R5-PRI-001 (in use)
Configured Explicit Route Detail
10.1.1.2/32 strict
14.1.1.3/32 strict
17.1.1.3/32 strict
Session Explicit Route Detail
10.1.1.2/32 strict
14.1.1.3/32 strict
17.1.1.3/32 strict
Record route:

LP = 1 -> PLR's Downstream link is protected PU = 1 -> Protection is in use on
PLR

NP = 1 -> PLR's Downstream neighbor is protected BP = 1 -> BW protection available

IP Address Label (LP, PU, NP, BP)
<self>

10.1.1.2 52480 (0, 0, 0, 0)
14.1.1.3 52480 (0, 0, 0, 0)
17.1.1.3 25600 (0, 0, 0, 0)

Style: Shared Explicit Filter
Traffic type: controlled-load
Minimum Path MTU: 9216
Recorded Time : N/A
Current Error:
Code : None, Value : None
Originated Node : None, Recorded Time : N/A
Last Signaled Error:
Code : None, Value : None
Originated Node : None, Recorded Time : N/A
Trunk Type: mpls
Ingress (Bypass)
5.5.5.5
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From: 1.1.1.1, LSPstate: Up, LSPname: R1-R5-BPS-001-Bypass
Ingress FSM state: Operational
Establishment Time: 0Os 4ms
Setup priority: 7, Hold priority: O
CSPF usage: Enabled, CSPF Retry Count: 0, CSPF Retry Interval: 30 seconds
LSP Re-Optimization: Disabled, Re-Optimization Timer: NA, Cspf Client: ISIS
IGP-Shortcut: Disabled, LSP metric: 20
LSP Protection: None
Bypass trunk bandwidth type: Best-effort
Label in: -, Label out: 25600,
Tspec rate: 0, Fspec rate: 0
Policer: Not Configured
Tunnel Id: 5002, LSP Id: 2205, Ext-Tunnel Id: 1.1.1.1
Bind value: 0, Oper state: NA, Alloc mode: NA
Downstream: 12.1.1.2, xe20
Path refresh: 30 seconds (RR enabled) (due in 10514 seconds)
Resv lifetime: 157 seconds (due in 141 seconds)
Retry count: 0, intrvl: 30 seconds
RRO re-use as ERO: Disabled
Label Recording: Disabled
Admin Groups: none
Configured Path: R1-R5-BPS-001 (in use)
Configured Explicit Route Detail
12.1.1.2/32 strict
15.1.1.3/32 strict
Session Explicit Route Detail
12.1.1.2/32 strict
15.1.1.3/32 strict
Record route:

Style: Shared Explicit Filter
Traffic type: controlled-load
Minimum Path MTU: 9216
Recorded Time : N/A
Current Error:
Code : None, Value : None
Originated Node : None, Recorded Time : N/A
Last Signaled Error:
Code : RSVP System error (23), Value : N/A (0)
Originated Node : 15.1.1.3, Recorded Time : 2023 May 16 08:52:51
Trunk Type: mpls
Total LSP protected : 1, Bandwidth in use : O

R2:

R2#show rsvp session
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Type : PRI - Primary, SEC - Secondary, DTR - Detour, BPS - Bypass

State : UP - Up, DN - Down, BU - Backup in Use, SU - Secondary in Use, FS - Forced to
Secondary

* indicates the session is active with local repair at one or more nodes
(P) indicates the secondary-priority session is acting as primary

Transit RSVP:

To From Type LSPName State Uptime Rt
Style Labelin Labelout DSType

5.5.5.5 1.1.1.1 PRI R1-R5-PRI-001-Primary UP 00:49:59
1 1 SE 52480 52480 ELSP_CON

Total 1 displayed, Up 1, Down O.

R2#show rsvp session detail
Transit
5.5.5.5
From: 1.1.1.1, LSPstate: Up, LSPname: R1-R5-PRI-001-Primary
Transit upstream state: Operational, downstream state: Operational
Setup priority: 7, Hold priority: O
IGP-Shortcut: Disabled, LSP metric: 65
LSP Protection: facility
Fast-Reroute bandwidth : 0
Protection type desired: Node
Fast-Reroute Hop limit: 255
Fast-Reroute Setup priority: 7, Hold priority: O
Label in: 52480, Label out: 52480,
Tspec rate: 0, Fspec rate: 0
Tunnel Id: 5001, LSP Id: 2201, Ext-Tunnel Id: 1.1.1.1
Bind value: 0, Oper state: NA, Alloc mode: NA
Downstream: 14.1.1.3, xeb Upstream: 10.1.1.1, xe29
Path refresh: 30 seconds (RR enabled) (due in 27004 seconds)
Path lifetime: 157 seconds (due in 130 seconds)
Resv refresh: 30 seconds (RR enabled) (due in 19943 seconds)
Resv lifetime: 157 seconds (due in 141 seconds)
RRO re-use as ERO: Disabled
Label Recording: Enabled
Admin Groups: Received Explicit Route Detail
10.1.1.2/32 strict
14.1.1.3/32 strict
17.1.1.3/32 strict
Session Explicit Route Detail
14.1.1.3/32 strict
17.1.1.3/32 strict
Record route:

IP Address Label
10.1.1.1 52480
<self>

14.1.1.3 52480
17.1.1.3 25600
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Style: Shared Explicit Filter
Traffic type: controlled-load
Minimum Path MTU: 9216
LSP Type: ELSP _CONFIG
CLASS DSCP_value EXP value
Current Error:
Code : None, Value : None
Originated Node : None, Recorded Time : N/A
Trunk Type: mpls

R3:
R3#show rsvp session
Type : PRI - Primary, SEC - Secondary, DTR - Detour, BPS - Bypass

State : UP - Up, DN - Down, BU - Backup in Use, SU - Secondary in Use, FS - Forced to
Secondary

* indicates the session is active with local repair at one or more nodes
(P) indicates the secondary-priority session is acting as primary

Transit RSVP:

To From Type LSPName State Uptime Rt
Style Labelin Labelout DSType

5.5.5.5 1.1.1.1 PRI R1-R5-BPS-001-Bypass UP 05:25:48
1 1 SE 25600 3 ELSP_CON

Total 1 displayed, Up 1, Down O.

R3#show rsvp session detail
Transit
5.5.5.5
From: 1.1.1.1, LSPstate: Up, LSPname: R1-R5-BPS-001-Bypass
Transit upstream state: Operational, downstream state: Operational
Setup priority: 7, Hold priority: O
IGP-Shortcut: Disabled, LSP metric: 65
LSP Protection: None
Label in: 25600, Label out: 3,
Tspec rate: 0, Fspec rate: 0
Tunnel Id: 5002, LSP Id: 2205, Ext-Tunnel Id: 1.1.1.1
Bind value: 0, Oper state: NA, Alloc mode: NA
Downstream: 15.1.1.3, xeb6 Upstream: 12.1.1.1, xe7
Path refresh: 30 seconds (RR enabled) (due in 10445 seconds)
Path lifetime: 157 seconds (due in 155 seconds)
Resv refresh: 30 seconds (RR enabled) (due in 24008 seconds)
Resv lifetime: 157 seconds (due in 140 seconds)
RRO re-use as ERO: Disabled
Label Recording: Disabled
Admin Groups: Received Explicit Route Detail
12.1.1.2/32 strict
15.1.1.3/32 strict
Session Explicit Route Detail
15.1.1.3/32 strict
Record route:
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IP Address Label
12.1.1.1
<self>
15.1.1.3
Style: Shared Explicit Filter
Traffic type: controlled-load
Minimum Path MTU: 9216
LSP Type: ELSP _CONFIG
CLASS DSCP_value EXP value
Recorded Time : N/A
Current Error:
Code : None, Value : None
Originated Node : None, Recorded Time : N/A
Trunk Type: mpls
R3#

R4:

R4#show rsvp session
Type : PRI - Primary, SEC - Secondary, DTR - Detour, BPS - Bypass

State : UP - Up, DN - Down, BU - Backup in Use, SU - Secondary in Use, FS - Forced to
Secondary

* indicates the session is active with local repair at one or more nodes
(P) indicates the secondary-priority session is acting as primary

Transit RSVP:

To From Type LSPName State Uptime Rt
Style Labelin Labelout DSType

5.5.5.5 1.1.1.1 PRI R1-R5-PRI-001-Primary UPp 00:51:13
1 1 SE 52480 25600 ELSP_CON

Total 1 displayed, Up 1, Down O.

R4#show rsvp session detail
Transit
5.5.5.5
From: 1.1.1.1, LSPstate: Up, LSPname: R1-R5-PRI-001-Primary
Transit upstream state: Operational, downstream state: Operational
Setup priority: 7, Hold priority: O
IGP-Shortcut: Disabled, LSP metric: 65
LSP Protection: facility
Fast-Reroute bandwidth : 0
Protection type desired: Node
Fast-Reroute Hop limit: 255
Fast-Reroute Setup priority: 7, Hold priority: O
Label in: 52480, Label out: 25600,
Tspec rate: 0, Fspec rate: 0
Tunnel Id: 5001, LSP Id: 2201, Ext-Tunnel Id: 1.1.1.1
Bind value: 0, Oper state: NA, Alloc mode: NA
Downstream: 17.1.1.3, xed Upstream: 14.1.1.2, xeb6
Path refresh: 30 seconds (RR enabled) (due in 26908 seconds)
Path lifetime: 157 seconds (due in 148 seconds)
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Resv refresh: 30 seconds (RR enabled) (due in 37164 seconds)
Resv lifetime: 157 seconds (due in 144 seconds)
RRO re-use as ERO: Disabled
Label Recording: Enabled
Admin Groups: Received Explicit Route Detail
14.1.1.3/32 strict
17.1.1.3/32 strict
Session Explicit Route Detail
17.1.1.3/32 strict
Record route:

IP Address Label
10.1.1.1 52480
14.1.1.2 52480
<self>

17.1.1.3 25600

Style: Shared Explicit Filter
Traffic type: controlled-load
Minimum Path MTU: 9216
LSP Type: ELSP_CONFIG
CLASS DSCP_value EXP value
Current Error:
Code : None, Value : None
Originated Node : None, Recorded Time : N/A
Trunk Type: mpls

RS:
R5#show rsvp session
Type : PRI - Primary, SEC - Secondary, DTR - Detour, BPS - Bypass

State : UP - Up, DN - Down, BU - Backup in Use, SU - Secondary in Use, FS - Forced to
Secondary

* indicates the session is active with local repair at one or more nodes
(P) indicates the secondary-priority session is acting as primary

Egress RSVP:

To From Type LSPName State Uptime Rt
Style Labelin Labelout DSType

5.5.5.5 1.1.1.1 PRI R1-R5-PRI-001-Primary UP 00:51:45
1 1 SE 25600 - ELSP_CON

5.5.5.5 1.1.1.1 PRI R1-R5-BPS-001-Bypass UP 05:26:50
1 1 SE 3 - ELSP_CON

Total 2 displayed, Up 2, Down 0.

R5#show rsvp session detail
Egress
5.5.5.5
From: 1.1.1.1, LSPstate: Up, LSPname: R1-R5-PRI-001-Primary
Egress FSM state: Operational
Setup priority: 7, Hold priority: O
IGP-Shortcut: Disabled, LSP metric: 65
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LSP Protection: facility

Fast-Reroute bandwidth : 0

Protection type desired: Node

Fast-Reroute Hop limit: 255

Fast-Reroute Setup priority: 7, Hold priority: O

Label in: 25600, Label out: -,

Tspec rate: 0, Fspec rate: 0

Tunnel Id: 5001, LSP Id: 2201, Ext-Tunnel Id: 1.1.1.1

Bind value: 0, Oper state: NA, Alloc mode: NA

Upstream: 17.1.1.2, xel2

Path lifetime: 157 seconds (due in 126 seconds)

Resv refresh: 30 seconds (RR enabled) (due in 28434 seconds)

RRO re-use as ERO: Disabled

Label Recording: Enabled

Admin Groups: Received Explicit Route Detail
17.1.1.3/32 strict

Record route:

IP Address Label
10.1.1.1 52480
14.1.1.2 52480
17.1.1.2 25600
<self>

Style: Shared Explicit Filter
Traffic type: controlled-load
Minimum Path MTU: 9216
LSP Type: ELSP CONFIG
CLASS DSCP_value EXP value
Recorded Time : N/A
Current Error:
Code : None, Value : None
Originated Node : None, Recorded Time : N/A
Trunk Type: mpls
Egress
5.5.5.5
From: 1.1.1.1, LSPstate: Up, LSPname: R1-R5-BPS-001-Bypass
Egress FSM state: Operational
Setup priority: 7, Hold priority: O
IGP-Shortcut: Disabled, LSP metric: 65
LSP Protection: None
Label in: 3, Label out: -,
Tspec rate: 0, Fspec rate: 0
Tunnel Id: 5002, LSP Id: 2205, Ext-Tunnel Id: 1.1.1.1
Bind value: 0, Oper state: NA, Alloc mode: NA
Upstream: 15.1.1.2, xel
Path lifetime: 157 seconds (due in 141 seconds)
Resv refresh: 30 seconds (RR enabled) (due in 927 seconds)
RRO re-use as ERO: Disabled
Label Recording: Disabled
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Admin Groups: Received Explicit Route Detail
15.1.1.3/32 strict
Record route:

<self>
Style: Shared Explicit Filter
Traffic type: controlled-load
Minimum Path MTU: 9216
LSP Type: ELSP_CONFIG
CLASS DSCP_value EXP value
Recorded Time : N/A
Current Error:
Code : None, Value : None
Originated Node : None, Recorded Time : N/A
Trunk Type: mpls

RSVP Bypass
Validate that the RSVP bypass session is up.

R1:

Rl#show rsvp bypass
Ingress RSVP:

To From LSPName State Uptime
Labelin Labelout DSType

5.5.5.5 1.1.1.1 R1-R5-BPS-001-Bypass UpP 05:27:41
- 25600 DEFAULT

To validate RSVP bypass session details:

Rl#show rsvp bypass detail
Ingress (Bypass)
5.5.5.5
From: 1.1.1.1, LSPstate: Up, LSPname: R1-R5-BPS-001-Bypass
Ingress FSM state: Operational
Establishment Time: 0Os 4ms
Setup priority: 7, Hold priority: O
CSPF usage: Enabled, CSPF Retry Count: 0, CSPF Retry Interval: 30 seconds

Rt Style

11 SE

LSP Re-Optimization: Disabled, Re-Optimization Timer: NA, Cspf Client: ISIS

IGP-Shortcut: Disabled, LSP metric: 20
LSP Protection: None
Bypass trunk bandwidth type: Best-effort
Label in: -, Label out: 25600,
Tspec rate: 0, Fspec rate: 0
Policer: Not Configured
Tunnel Id: 5002, LSP Id: 2205, Ext-Tunnel Id: 1.1.1.1
Bind value: 0, Oper state: NA, Alloc mode: NA
Downstream: 12.1.1.2, xe20
Path refresh: 30 seconds (RR enabled) (due in 10319 seconds)

180 © 2024 IP Infusion Inc. Proprietary



RSVP-TE Facility Backup (Facility Bypass)

Resv lifetime: 157 seconds
Retry count: 0, intrvl: 30 seconds
RRO re-use as ERO: Disabled
Label Recording: Disabled
Admin Groups: none
Configured Path: R1-R5-BPS-001 (in use)
Configured Explicit Route Detail
12.1.1.2/32 strict
15.1.1.3/32 strict
Session Explicit Route Detail
12.1.1.2/32 strict
15.1.1.3/32 strict
Record route:

(due in

IP Address Label
<self>
12.1.1.2
15.1.1.3
Style: Shared Explicit Filter
Traffic type: controlled-load
Minimum Path MTU: 9216
Recorded Time N/A
Current Error:
Code None, Value None
Originated Node None, Recorded Time N/A
Last Signaled Error:
Code RSVP System error (23), Value N/A
Originated Node 15.1.1.3, Recorded Time

Trunk Type: mpls
Total LSP protected : 1, Bandwidth in use : O

To validate RSVP bypass Protected-Isp-list:

Rl#show rsvp bypass protected-lsp-list
Bypass trunk: R1-R5-BPS-001
Bypass trunk bandwidth type:
List of LSP's Protected:

best-effort

Tunnel-id Lsp Id Lsp Name

Egress

5001 2201 R1-R5-PRI-001-Primary
5.5.5.5

Total LSP protected : 1
Bandwidth in use : O

126 seconds)

(0)
2023 May 16 08:52:51

Role Ext tnl id Ingress

Ingress 1.1.1.1 1.1.1.1
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cHaptER8  Virtual Private LAN Service Configuration

This chapter contains configurations for Virtual Private LAN Service (VPLS).

VPLS Raw Mode

The examples show the minimum configuration required for enabling a VPLS Mesh peer between PE1, PE2, and PE3

in raw mode.

xed 1010.1.2/24

2222032

Raw mode

el
™ 20201.2/24

Raw mode xel

10.10.1.1/24 xed
30.30.1.2/24

xed

3030.1.1/24

Raw mode
3.3.3.332
Figure 8-16: VPLS Mesh Peers Raw Mode
Configuration

PE1

#configure terminal

Enter configure mode.

config) #finterface 1lo

Enter interface mode.

config-if)#ip address 1.1.1.1/32 secondary

Configure IP address for the loopback interface.

config-if) #fexit

Exit interface mode.

config) #interface xel

Specify the Interface (xe1) to be configured.

Configure IP address for the interface.

config-if) #no shutdown

Administratively brining up the interface.

config-if) #fexit

Exit interface mode.

(
(
(
(
(config-if) #ip address 10.10.1.1/24
(
(
(

config) #router ospf 100

Configure the routing process and specify the routing
process ID (100).

(config-router) #network 10.10.1.0/24 area 0
(config-router) #network 1.1.1.1/32 area O

Define the interface address on which the OSPF runs and
associate an area ID(0) with the interface address.

(config-router) #exit

Exit router mode.
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config) #router 1ldp

Enter router mode for LDP.

config-router)# router-id 1.1.1.1

Configure the router-id

(
(
(config-router) #transport-address ipv4
1.1.1.1

Configure the transport address for IPV4 (for IPV6 use ipv6)
to be used for a TCP session over which LDP will run.

config-router) #targeted-peer ipvd 2.2.2.2

Configuring targeted LDP sessions to PE2

config-router-targeted-peer) #exit

Exit config-router-targeted-peer mode

config-router) #targeted-peer ipv4d 3.3.3.3

Enter targeted-peer-mode and PE3

config-router-targeted-peer) #exit

Exit config-router-targeted-peer mode

config-router) #exit

Exit router configuration mode.

config) #interface xel

Enter interface mode.

config-if) #label-switching

Enable label switching capability on the interface.

config-if) #enable-1dp ipv4

Enabling LDP on the interface.

config-if) #fexit

Exit interface mode.

config) #mpls vpls VPLS1 100

Configuring VPLS instance with name and VPLS ID.

Enabling LDP signaling for the VPLS instance.

config-vpls-sig) #vpls-peer 2.2.2.2
config-vpls-sig) #vpls-peer 3.3.3.3

Configuring VPLS mesh peers.

config-vpls-sig) #exit-signaling

Exit from VPLS signaling mode.

config-vpls) #fexit

Exit from VPLS Mode.

config) #service-template stl

Template configuration

config-svc) fexit

Exit service template mode

config) #interface xe2

Specify the attachment circuit interface.

config-if) #switchport

Configuring the attachment circuit interface as Layer-2.

config-if)mpls-vpls VPLS1 service-template

(
(
(
(
(
(
(
(
(
(
(config-vpls) #signaling 1ldp
(
(
(
(
(
(
(
(
(
stl

Associating the VPLS Instance to the attachment circuit
interface.

config-if-vpls) #split-horizon group accessl

Configure split-horizon group on VPLS

config-if-vpls) #exit

Exit VPLS attachment-circuit mode

config-if)exit

Exit interface mode.

Commit the transaction.

(
(
(
(config) #commit
#

copy running-config startup-config

Save the configuration.

P

#configure terminal

Enter configure mode.

config) #interface 1lo

Enter interface mode.

config-if) #ip address 9.9.9.9/32 secondary

Configure IP address for the loopback interface.

config-if) #fexit

Exit interface mode.

config) #interface xel

Specify the interface to be configured.

Configure IP address for the interface.

config-if) #fexit

Exit interface mode.

config) #interface xe2

Enter interface mode.

(
(
(
(
(config-if) #ip address 10.10.1.2/24
(
(
(

config-if) #ip address 20.20.1.2/24

Configure IP address for the interface.
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config-if) #fexit

Exit interface mode.

config) #interface xe3

Enter interface mode.

Configure IP address for the interface.

config-if) #fexit

Exit interface mode.

(
(
(config-if) #ip address 30.30.1.2/24
(
(

config) #router ospf 100

Configure the routing process and specify the routing
process ID(100).

config-router) #network 10.10.1.0/24 area O
config-router) #network 20.20.1.0/24 area O

config-router) #network 9.9.9.9/32 area 0

Define the interface address on which the OSPF runs and
associate an area ID(0) with the Interface address.

)
)
config-router) #network 30.30.1.0/24 area O
)
)

Exit router mode.

config) #router 1ldp

Enter router mode for LDP.

config-router) #router-id 9.9.9.9

Confirm the router-id

config-router) #transport-address ipv4

(

(

(

(

(config-router) #exit
(

(

(

9.9.9.9

Configure the transport address for IPV4 (for IPV6 use ipv6)
to be used for a TCP session over which LDP will run.

config-router-targeted-peer) #exit

Exit-targeted-peer-mode

config-router) #exit

Exit router mode.

config) #interface xel

Enter interface mode.

config-if) #label-switching

Enable label switching capability on the interface.

config-if) #enable-1dp ipv4

Enabling LDP on the interface.

congig-if) #exit

Exit interface configuration mode.

config) #interface xe2

Specify the interface to be configured.

config-if)#label-switching

Enable label switching capability on the interface.

Enabling LDP on the interface.

congig-if) #exit

Exit interface mode.

config) #interface xe3

Enter interface mode.

config-if) #label-switching

Enable label switching capability on the interface.

config-if) #enable-1dp ipv4

Enabling LDP on the interface.

congig-if) #exit

Exit interface mode.

config) #commit

Commit the transaction.

(
(
(
(
(
(
(
(
(config-if) #enable-1dp ipv4
(
(
(
(
(
(
#

copy running-config startup-config

Save the configuration.

PE2

#configure terminal

Enter configure mode.

config) #finterface 1lo

Enter interface mode.

config-if)#ip address 2.2.2.2/32 secondary

Configure IP address for the loopback interface.

config-if) #fexit

Exit interface mode.

Specify the Interface (xe1) to be configured.

config-if) #ip address 20.20.1.1/24

Configure IP address for the interface.

config-if) #no shutdown

Administratively brining up the interface.

(
(
(
(config) #interface xel
(
(
(

config-if) #fexit

Exit interface mode.
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(config) #router ospf 100

Configure the routing process and specify the routing
process ID(100).

config-router) #network 20.20.1.0/24 area O
config-router) #network 2.2.2.2/32 area 0

Define the interface address on which the OSPF runs and
associate an area ID(0) with the interface address.

config-router) #exit

Exit router mode.

Enter router mode for LDP.

config-router) #router-id 2.2.2.2

Confirm the router-id

config-router) #transport-address ipv4

(
(
(
(config) #router 1dp
(
(
2.2.2.2

Configure the transport address for IPV4 (for IPV6 use ipv6)
to be used for a TCP session over which LDP will run.

config-router) #targeted-peer ipv4 1.1.1.1 Configuring targeted LDP sessions to PE2.
config-router-targeted-peer) #exit Exit targeted-peer-mode
config-router) #targeted-peer ipv4d 3.3.3.3 Configuring targeted LDP sessions to PE3

config-router-targeted-peer) #exit

Exit targeted-peer-mode

config-router) #exit

Exit router configuration mode.

config) #interface xel

Enter interface mode.

config-if) #label-switching

Enable label switching capability on the interface.

config-if) #enable-1dp ipv4

Enabling LDP on the interface.

config-if) #fexit

Exit interface mode.

config) #mpls vpls VPLS1 100

Configuring VPLS instance with name and VPLS ID.

Enabling LDP signaling for the VPLS instance.

config-vpls-sig) #vpls-peer 1.1.1.1
config-vpls-sig) #vpls-peer 3.3.3.3

Configuring VPLS mesh peers.

config-vpls-sig) #exit-signaling

Exit from VPLS signaling mode.

config-vpls) #fexit

Exit from VPLS Mode.

config) #service-template stl

Template configuration.

config-svc) #fexit

Exit service template mode.

config) #interface xe2

Specify the attachment circuit interface.

config-if) #switchport

Configuring the attachment circuit interface as Layer-2.

config-if)mpls-vpls VPLS1 service-template

(
(
(
(
(
(
(
(
(
(
(config-vpls) #signaling 1ldp
(
(
(
(
(
(
(
(
(
stl

Associating the VPLS Instance to the attachment circuit
interface.

config-if-vpls) #split-horizon group accessl

Configure split-horizon group on VPLS

config-if-vpls) #exit

Exit VPLS attachment-circuit mode

config-if)exit

Exit interface mode.

Commit the transaction.

(
(
(
(config) #commit
#

copy running-config startup-config

Save the configuration.

PE3

#configure terminal

Enter configure mode.

config) #finterface lo

Enter interface mode.

config-if)#ip address 3.3.3.3/32 secondary

Configure IP address for the loopback interface.

config-if) #fexit

Exit interface mode.

(
(
(
(

config) #interface xel

Specify the Interface (xe1) to be configured.
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config-if) #ip address 30.30.1.1/24

Configure IP address for the interface.

config-if) #no shutdown

Administratively brining up the interface.

config-if) #exit

Exit interface mode.

(
(
(
(

config) #router ospf 100

Configure the routing process and specify the routing
process ID(100).

config-router) #network 30.30.1.0/24 area O
config-router) #network 3.3.3.3/32 area 0

Define the interface address on which the OSPF runs and
associate an area ID(0) with the interface address.

config-router) #exit

Exit router mode.

config) #router 1ldp

Enter router mode for LDP.

Confirm the router-id

config-router) #transport-address ipv4

(
(
(
(
(config-router) #router-id 3.3.3.3
(
3.3.3.3

Configure the transport address for IPV4 (for IPV6 use ipv6)
to be used for a TCP session over which LDP will run.

config-router) #targeted-peer ipv4d 1.1.1.1

Configuring targeted LDP sessions to PE2

config-router-targeted-peer) #exit

Exit targeted-peer-mode

config-router) #targeted-peer ipvd 2.2.2.2

Configuring targeted LDP sessions to PE3

config-router-targeted-peer) #exit

Exit targeted-peer-mode

config-router) #exit

Exit router configuration mode.

config) #interface xel

Enter interface mode.

config-if) #label-switching

Enable label switching capability on the interface.

config-if) #enable-1dp ipv4

Enabling LDP on the interface.

config-if) #fexit

Exit interface mode.

config) #mpls vpls VPLS1 100

Configuring VPLS instance with name and VPLS ID.

Enabling LDP signaling for the VPLS instance.

config-vpls-sig) #vpls-peer 1.1.1.1
config-vpls-siqg) #vpls-peer 2.2.2.2

Configuring VPLS mesh peers.

config-vpls-sig) #exit-signaling

Exit from VPLS signaling mode.

config-vpls) #fexit

Exit from VPLS Mode.

config) #service-template stl

Template configuration.

config-svc) #fexit

Exit service template mode.

config) #interface xe2

Specify the attachment circuit interface.

config-if) #switchport

Configuring the attachment circuit interface as Layer-2.

config-if)mpls-vpls VPLS1 service-template

(
(
(
(
(
(
(
(
(
(
(config-vpls) #signaling 1ldp
(
(
(
(
(
(
(
(
(
stl

Associating the VPLS Instance to the attachment circuit
interface.

config-if-vpls) #split-horizon group accessl

Configure split-horizon group on VPLS

config-if-vpls) #exit

Exit VPLS attachment-circuit mode

config-if)exit

Exit interface mode.

Commit the transaction.

(
(
(
(config) #commit
#

copy running-config startup-config

Save the configuration.
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Validation

PE1
Verify VPLS Session

PEl#show mpls vpls detail
Virtual Private LAN Service Instance: VPLS1, ID: 100
SIG-Protocol: LDP

Attachment-Circuit :UP

Learning: Enabled

Control-Word: Disabled

Group ID: 0, VPLS Type: Ethernet, Configured MTU: 1500
Description: none

service-tpid: dotl.g

Operating mode: Raw

Configured interfaces:

Interface: xe2
Service-template : stl
Match criteria : Accept all

Mesh Peers:

2.2.2.2 (Up)
3.3.3.3 (Up)
PE1#

Verify VPLS Mesh Peer
PEl#sh mpls vpls mesh

VPLS-ID Peer Addr Tunnel-Label In-Label Network-Intf Out-Label Lkps/St
100 2.2.2.2 24325 24321 xel 24321 2/Up 1
100 3.3.3.3 24322 24320 xel 24321 2/Up 2

PEl#show 1ldp session

Peer IP Address IF Name My Role State KeepAlive UpTime

2.2.2.2 xel Passive OPERATIONAL 30 00:32:21
3.3.3.3 xel Passive OPERATIONAL 30 00:20:50
9.9.9.9 xel Passive OPERATIONAL 30 00:34:18

PEl#show ip ospf neighbor
Total number of full neighbors: 1
OSPF process 100 VRF (default):

Neighbor ID Pri State Dead Time Address Interface

10.12.49.145 1 Full/Backup 00:00:35 10.10.1.2 xel 0

P#show ldp session

Peer IP Address 1IF Name My Role State KeepAlive UpTime

1.1.1.1 xel Active OPERATIONAL 30 00:40:04
2.2.2.2 xe?2 Active OPERATIONAL 30 00:38:22
3.3.3.3 xe3 Active OPERATIONAL 30 00:25:57

PW-INDEX SIG-Protocol

Instance 1ID

Status
Active
Active
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P#show ip ospf neighbor

Total number of full neighbors: 3

OSPF process 100 VRF (default):

Neighbor ID Pri State Dead Time Address Interface Instance ID
10.12.49.142 1 Full/DR 00:00:34 10.10.1.1 xel 0
10.12.49.144 1 Full/Backup 00:00:29 20.20.1.1 xe?2
10.12.49.146 1 Full/Backup 00:00:36 30.30.1.1 xe3
PE2#show mpls vpls detail

Virtual Private LAN Service Instance: VPLS1, ID: 100
SIG-Protocol: LDP Attachment-Circuit :UP

Learning: Enabled Control-Word: Disabled

Flow Label Status: Disabled, Direction: None, Static: No Group ID: 0, VPLS Type:
Ethernet,

Configured MTU: 1500

Description: none service-tpid: dotl.q Operating mode: Raw Configured interfaces:
Interface: xe2 Service-template : stl

Match criteria : Accept all

Mesh Peers:
1.1.1.1 (Up)
3.3.3.3 (Up)

PE2#show mpls vpls mesh

VPLS-ID Peer Addr Tunnel-Label In-Label Network-Intf Out-Label Lkps/St PW-INDEX SIG-Protocol Status
100 1.1.1.1 25601 26240 xel 26240 2/Up 1 LDP Active
100 3.3.3.3 25603 26241 xel 26241 2/Up 2 LDP Active

PE2#show 1ldp session

Peer IP Address IF Name My Role State KeepAlive UpTime

1.1.1.1 xel Active OPERATIONAL 30 00:41:59
3.3.3.3 xel Passive OPERATIONAL 30 00:30:15
9.9.9.9 xel Passive OPERATIONAL 30 00:42:14

PE2#show ip ospf neighbor

Total number of full neighbors: 1

OSPF process 100 VRF (default):

Neighbor ID Pri State Dead Time Address Interface Instance ID
10.12.49.145 1 Full/DR 00:00:35 20.20.1.2 xel 0

PE3#show 1ldp session
Peer IP Address IF Name My Role State KeepAlive UpTime

1.1.1.1 xel Active OPERATIONAL 30 00:44:25
2.2.2.2 xel Active OPERATIONAL 30 00:44:13
9.9.9.9 xel Passive OPERATIONAL 30 00:43:47

PE3#show ip ospf neighbor

Total number of full neighbors: 1

OSPF process 100 VRF (default):

Neighbor ID Pri State Dead Time Address Interface Instance ID
10.12.49.145 1 Full/DR 00:00:33 30.30.1.2 xel 0

PE3#show mpls vpls detail
Virtual Private LAN Service Instance: VPLS1, ID: 100

© 2024 IP Infusion Inc. Proprietary 189



Virtual Private LAN Service Configuration

SIG-Protocol: LDP
Attachment-Circuit :UP
Learning: Enabled
Control-Word: Disabled
Flow Label Status: Disabled, Direction: None, Static: No
Group ID: 0, VPLS Type: Ethernet, Configured MTU: 1500
Description: none
service-tpid: dotl.g
Operating mode: Raw
Configured interfaces:
Interface: xe2
Service-template : stl
Match criteria : Accept all

Mesh Peers:
1.1.1.1 (Up)
2.2.2.2 (Up)

PE3#show mpls vpls mesh

(m) - Service mapped over multipath transport

(e) - Service mapped over LDP ECMP

VPLS-ID Peer Addr Tunnel-Label In-Label Network-Intf Out-Label Lkps/St PW-INDEX SIG-Protocol Status
100 1.1.1.1 25602 26240 xel 26241 2/Up ] LDP Active
100 2.2.2.2 25603 26241 xel 26241 2/Up 2 LDP Active

VPLS Tagged Mode

The examples show the minimum configuration required for enabling a VPLS Mesh peer between PE1, PE2, and PE3
in Tagged Mode. In the below example PE1 and PE2 uses VLAN 10 for binding the VPLS instance to the attachment
circuit and PE3 used VLAN 20 where it shows that VLAN swapping is supported.

2222032

Tagged mode
VLAN 10

20201.2/24
10.10.1.2/24

Tagged mode xel
VLAN 10 10.10.1.1/24
30.301.2/24

el
30.30.1.1/24

Tagged mode
VLAN 20

3.3.3.3/32
Figure 8-17: VPLS Mesh Peers Tagged Mode
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Configuration

PE1

#configure terminal

Enter configure mode.

config) #interface 1lo

Enter interface mode.

config-if) #ip address 1.1.1.1/32 secondary

Configure IP address for the loopback interface.

config-if) #exit

Exit interface mode.

config) #interface xel

Specify the Interface (xe1) to be configured.

config-if)#ip address 10.10.1.1/24

Configure IP address for the interface.

(
(
(
(
(
(

config-if) #no shutdown

Administratively brining up the interface.

(config-if) #exit

Exit interface mode.

(config) #router ospf 100

Configure the routing process and specify the routing
process ID(100).

config-router) #network 10.10.1.0/24 area O
config-router) #network 1.1.1.1/32 area O

Define the interface address on which the OSPF runs and
associate an area ID(0) with the interface address.

config-router) #exit

Exit router mode.

config) #router 1ldp

Enter router mode for LDP.

Configuring targeted LDP sessions to PE2

config-router-targeted-peer) #exit

Exit targeted peer mode

config-router-targeted-peer) #targeted-peer

(
(
(
(
(config-router) #targeted-peer ipv4d 2.2.2.2
(
(
ipv4 3.3.3.3

Configuring targeted LDP sessions to PE3

config-router-targeted-peer) #exit

Exit targeted peer mode

config-router) fexit

Exit router configuration mode

config) #interface xel

Enter interface mode

config-if)#label-switching

Enable label switching capability on the interface.

config-if) #enable-1dp ipvié

Enabling LDP on the interface.

config-if) #fexit

Exit interface mode.

config) #mpls vpls VPLS1 100

Configuring VPLS instance with name and VPLS ID.

config-vpls) #signaling 1ldp

Enabling LDP signaling for the VPLS instance.

Configuring VPLS type as VLAN mode.

config-vpls-sig) #vpls-peer 2.2.2.2

Configuring VPLS mesh peers.

)
config-vpls-sig) #vpls-peer 3.3.3.3
)

config-vpls-sig) #exit-signaling

Exit from VPLS signaling mode.

config-vpls) #fexit

Exit from VPLS Mode.

config) #mpls vpls v4 28

Enter VPLS config mode

config-vpls) #signaling 1ldp

Define Signaling as LDP

config-vpls-sig) #vpls-type vlan

Type VLAN configuration for VPLS

(
(
(
(
(
(
(
(
(config-vpls-sig) #vpls-type vlan
(
(
(
(
(
(
(
(

config-vpls-sig) #vpls-peer 2.2.2.2

Configure VPLS Peers

config-vpls-sig) #vpls-peer 3.3.3.3

Configure VPLS Peers

(config-vpls-sig) #exit-signaling

Exit Signaling LDP mode
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config-vpls) ffexit

Exit VPLS mode

confiqg) #fservice-template stl

Template configuration.

config-svc) #match outer-vlan 10

Match criteria under template configuration

config-svc) fexit

Exit service template mode.

Specify the attachment circuit interface.

config-if) #switchport

Configuring the attachment circuit interface as Layer-2.

config-if)mpls-vpls VPLS1 service-template

(
(
(
(
(config)#interface xe2
(
(
stl

Associating the VPLS Instance to the attachment circuit
interface to match service template st1.

config-if-vpls) #split-horizon group accessl

Configure split-horizon group on VPLS

config-if-vpls) #exit

Exit VPLS attachment-circuit mode

config-if)exit

Exit interface mode.

Commit the transaction.

(
(
(
(config) #commit
#

copy running-config startup-config

Save the configuration.

Service template with Multiple Match Support

This is to validate the multiple match criteria support in a service template. When multiple match statements are
configured only rewrite push is supported, rewrite translate and pop are not supported.

(config) #service-template templated

Template configuration

(config-svc) #match outer-vlan 700

Allow VLAN 700 traffic on this VC

(config-svc) #match double-tag outer-vlan
1200 inner-vlan 3200

Allow double tag match with s+c tags

config-svc) #match untagged

Allow untagged traffic

config-svc) #rewrite ingress push 300

Push Action performed for service template

config-svc) #fexit

Exit configure SVC mode

config) #interface xe2

Specify the attachment circuit interface.

Configuring the attachment circuit interface as Layer-2.

config-if)mpls-vpls v4 service-template

(
(
(
(
(config-if) #switchport
(
templated

Associating the VPLS Instance to the attachment circuit
interface.

(config-if-vpls) #split-horizon group accessl

Configure split-horizon group on VPLS

(config-if-vpls) #commit

Commit the transaction.

P

#configure terminal

Enter configure mode.

config) #interface 1lo

Enter interface mode.

config-if) #ip address 9.9.9.9/32 secondary

Configure IP address for the loopback interface.

config-if) #fexit

Exit interface mode.

Specify the interface to be configured.

config-if) #ip address 10.10.1.2/24

Configure IP address for the interface.

config-if) #fexit

Exit interface mode.

config) #interface xe2

Enter interface mode.

(
(
(
(config) #interface xel
(
(
(
(

config-if) #ip address 20.20.1.2/24

Configure IP address for the interface.
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config-if) #fexit

Exit interface mode.

config) #interface xe3

Enter interface mode.

Configure IP address for the interface.

config-if) #fexit

Exit interface mode.

(
(
(config-if) #ip address 30.30.1.2/24
(
(

config) #router ospf 100

Configure the routing process and specify the routing
process ID(100).

config-router) #network 10.1.1.0/24 area 0
config-router) #network 20.20.1.0/24 area O

config-router) #network 9.9.9.9/32 area 0

Define the interface address on which the OSPF runs and
associate an area ID(0) with the Interface address.

)
)
config-router) #network 30.30.1.0/24 area O
)
)

config-router) #exit

Exit router mode.

config) #router 1ldp

Enter router mode for LDP.

config-router) #fexit

Exit router mode.

config) #interface xel

Enter interface mode.

config-if) #label-switching

Enable label switching capability on the interface.

config-if) #enable-1dp ipv4

Enabling LDP on the interface.

congig-if) #exit

Exit interface configuration mode.

Specify the interface to be configured.

config-if) #label-switching

Enable label switching capability on the interface.

config-if) #enable-1dp ipv4

Enabling LDP on the interface.

congig-if) #exit

Exit interface mode.

config) #interface xe3

Enter interface mode.

config-if)#label-switching

Enable label switching capability on the interface.

config-if) #enable-1dp ipvié

Enabling LDP on the interface.

congig-if) #exit

Exit interface mode.

config) #commit

Commit the transaction.

(
(
(
(
(
(
(
(
(
(
(
(config) #interface xe2
(
(
(
(
(
(
(
(
#

copy running-config startup-config

Save the configuration.

PE2

#configure terminal

Enter configure mode.

config) #interface 1lo

Enter interface mode.

config-if) #ip address 2.2.2.2/32 secondary

Configure IP address for the loopback interface.

config-if) #fexit

Exit interface mode.

Specify the Interface (xe1) to be configured.

config-if) #ip address 20.20.1.1/24

Configure IP address for the interface.

config-if) #no shutdown

Administratively brining up the interface.

config-if) #fexit

Exit interface mode.

(
(
(
(config) #interface xel
(
(
(
(

config) #router ospf 100

Configure the routing process and specify the routing
process ID(100).

(config-router) #network 20.20.1.0/24 area 0
(config-router) #network 2.2.2.2/32 area O

Define the interface address on which the OSPF runs and
associate an area ID(0) with the interface address.

(config-router) #exit

Exit router mode.
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Enter router mode for LDP.

Configuring targeted LDP sessions to PE2

Exit targeted peer mode

Configuring targeted LDP sessions to PE3

(config-router-targeted-peer) #exit

Exit targeted peer mode

(config-router-targeted-peer) #fexit-targeted-
peer-mode

Exit targeted peer mode.

(config-router) #exit

Exit router configuration mode.

config) #interface xel

Enter interface mode.

config-if) #label-switching

Enable label switching capability on the interface.

config-if) #enable-1dp ipv4

Enabling LDP on the interface.

config-if) #fexit

Exit interface mode.

config) #mpls vpls VPLS1 100

Configuring VPLS instance with name and VPLS ID.

config-vpls) #signaling 1ldp

Enabling LDP signaling for the VPLS instance.

config-vpls-sig) #vpls-type vlan

Configuring VPLS type as VLAN mode.

1.1.1.1

config-vpls-sig) #vpls-peer 3.3.3.3

Configuring VPLS mesh peers.

config-vpls-sig) #exit-signaling

Exit from VPLS signaling mode.

config-vpls) ffexit

Exit from VPLS Mode.

config) #mpls vpls v4 28

Enter VPLS config mode

config-vpls) #signaling ldp

Define Signaling as LDP

config-vpls-sig) #vpls-type vlan

Type VLAN configuration for VPLS

(
(
(
(
(
(
(
(config-vpls-sig) #vpls-peer
(
(
(
(
(
(
(

config-vpls-sig) #vpls-peer 1.1.1.1

Configure VPLS Peers

config-vpls-sig) #vpls-peer 3.3.3.3

Configure VPLS Peers

config-vpls-sig) #exit-signaling

Exit Signaling LDP mode

config-vpls) ffexit

Exit VPLS mode

config) ffservice-template stl

Template configuration.

config-svc) #match outer-vlan 10

Match criteria under template configuration

Exit service template mode.

confiqg) ffservice-template template4

Template configuration

config-svc) #match outer-vlan 700

Allow VLAN 700 traffic on this VC

config-svc) #match double-tag outer-vlan 1200

(

(

(

(

(config-svc) #exit
(

(

(

inner-vlan 3200

Allow double tag match with s+c tags

config-svc) #match untagged

Allow untagged traffic

config-svc) #rewrite ingress push 300

Push Action performed for service template

Exit configure SVC mode

config) #interface xe2

Specify the attachment circuit interface.

(
(
(config-svc) #exit
(
(

config-if) #switchport

Configuring the attachment circuit interface as Layer-2.

(config-if)mpls-vpls VPLS1 service-template
stl

Associating the VPLS Instance to the attachment circuit
interface to match service template st1.

(config-if)mpls-vpls v4 service-template
templated

Associating the VPLS Instance to the attachment circuit
interface.
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config-if-vpls) #split-horizon group accessl

Configure split-horizon group on VPLS

config-if-vpls) #exit

Exit VPLS attachment-circuit mode

config-if)exit

Exit interface mode.

Commit the transaction.

(
(
(
(config) #commit
#

copy running-config startup-config

Save the configuration.

PE3

#configure terminal

Enter configure mode.

config) #finterface 1lo

Enter interface mode.

config-if)#ip address 3.3.3.3/32 secondary

Configure IP address for the loopback interface.

config-if) #fexit

Exit interface mode.

config) #interface xel

Specify the Interface (xe1) to be configured.

Configure IP address for the interface.

config-if) #no shutdown

Administratively brining up the interface.

config-if) #fexit

Exit interface mode.

(
(
(
(
(config-if) #ip address 30.30.1.1/24
(
(
(

config) #router ospf 100

Configure the routing process and specify the routing
process ID(100).

config-router) #network 30.30.1.0/24 area 0
config-router) #network 3.3.3.3/32 area 0

Define the interface address on which the OSPF runs and
associate an area ID(0) with the interface address.

config-router) #exit

Exit router mode.

Enter router mode for LDP.

Configuring targeted LDP sessions to PE2

Exit targeted peer mode

(
(
(
(config) #router 1ldp
(
(
(

Configuring targeted LDP sessions to PE3

config-router-targeted-peer) #exit

Exit targeted peer mode

config-router) fexit

Exit router configuration mode.

config) #interface xel

Enter interface mode.

config-if) #label-switching

Enable label switching capability on the interface.

config-if) #enable-1dp ipvié

Enabling LDP on the interface.

config-if) #fexit

Exit interface mode.

config) #mpls vpls VPLS1 100

Configuring VPLS instance with name and VPLS ID.

config-vpls) #signaling 1ldp

Enabling LDP signaling for the VPLS instance.

Configuring VPLS type as VLAN mode.

config-vpls-sig) #vpls-peer 1.1.1.1
config-vpls-sig) #vpls-peer 2.2.2.2

Configuring VPLS mesh peers.

config-vpls-sig) #exit-signaling

Exit from VPLS signaling mode.

config-vpls) ffexit

Exit from VPLS Mode.

config) #mpls vpls v4 28

Enter VPLS config mode

config-vpls) #signaling 1ldp

Define Signaling as LDP

(
(
(
(
(
(
(
(config-vpls-sig) #vpls-type vlan
(
(
(
(
(
(
(

config-vpls-sig) #vpls-type vlan

Type VLAN configuration for VPLS
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config-vpls-sig) #vpls-peer 1.1.1.1

Configure VPLS Peers

config-vpls-sig) #vpls-peer 2.2.2.2

Configure VPLS Peers

config-vpls-sig) #exit-signaling

Exit from VPLS signaling mode.

config-vpls) ffexit

Exit from VPLS Mode.

confiqg) #fservice-template stl

Template configuration.

Match criteria under template configuration

config-svc) fexit

Exit service template mode.

config) #fservice-template templated

Template configuration

config-svc) #match outer-vlan 700

Allow VLAN 700 traffic on this VC

config-svc) #match double-tag outer-vlan 1200

(
(
(
(
(
(config-svc) #match outer-vlan 20
(
(
(
(
inner-vlan 3200

Allow double tag match with s+c tags

config-svc) #match untagged

Allow untagged traffic

config-svc) #rewrite ingress push 300

Push Action performed for service template

Exit configure SVC mode

config) #interface xe2

Specify the attachment circuit interface.

config-if) #switchport

Configuring the attachment circuit interface as Layer-2

(
(
(config-svc) #exit
(
(
(

config-if)mpls-vpls v4 service-template stl

Associating the VPLS Instance to the attachment circuit
interface to match service template st1.

config-if-vpls) #split-horizon group accessl

Configure split-horizon group on VPLS

config-if-vpls) #exit

Exit VPLS attachment-circuit mode

config-if)exit

Exit interface mode.

Commit the transaction.

(
(
(
(config) #commit
#

copy running-config startup-config

Save the configuration.

Validation

PE1
Verify VPLS Session:

PEl#show mpls vpls detail
Virtual Private LAN Service Instance:
SIG-Protocol: LDP
Attachment-Circuit :UP
Learning: Enabled
Group ID: 0, VPLS Type:
Description: none
service-tpid: dotl.qg
Operating mode: Tagged
Svlan Id: O
Svlan Tpid: 8100
Configured interfaces:
Interface: xe?2
Service-template : sl
Match criteria : 10

Mesh Peers:
2.2.2.2 (Up)

VPLS1, ID:

Ethernet VLAN,

100

Configured MTU: 1500
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3.3.3.3 (Up)

Virtual Private LAN Service Instance: ID: 28
SIG-Protocol: LDP
Attachment-Circuit :UP
Learning: Enabled
Group ID: 0, VPLS Type:
Description: none

service-tpid: dotl.qg

v4,

Ethernet VLAN, Configured MTU:

Operating mode: Tagged
Svlan Id: O

Svlan Tpid: 8100

Configured interfaces:
Interface: xe?2

Service-template templated

Match criteria 700
1200/3200

Untagged
Action type Push
Action value 300

Mesh Peers:

2.2.2.2 (Up)
3.3.3.3 (Up)
PELl#

Verify VPLS Mesh Peer:
PEl#show mpls vpls mesh

1500

VPLS-ID Peer Addr Tunnel-Label In-Label Network-Intf Out-
Label Lkps/St PW-INDEX SIG-Protocol Status Ecmp-Groupl00

100 2.2.2.2 24320 24322 xe?2 24321 2/
Up 1 LDP Active N/A

100 3.3.3.3 24325 24321 xe?2 24323 2/
Up 1 LDP Active N/A

28 2.2.2.2 24327 24324 xe2 24325 2/
Up 1 LDP Active N/A

28 3.3.3.3 24345 24325 xe?2 24324 2/
Up 1 LDP Active N/A

PEl#show ldp session

Peer IP Address IF Name My Role State KeepAlive UpTime

2.2.2.2 xel Passive OPERATIONAL 30 00:22:12

3.3.3.3 xel Passive OPERATIONAL 30 00:17:27

9.9.9.9 xel Passive OPERATIONAL 30 00:24:53

PEl#show ip ospf neighbor

Total number of full neighbors: 1

OSPF process 100 VRF (default):

Neighbor ID Pri State Dead Time Address Interface Instance ID
9.9.9.9 1 Full/Backup 00:00:37 10.10.1.2 =xel 0

p#show 1ldp session

Peer IP Address IF Name My Role State KeepAlive UpTime

1.1.1.1 xel Active OPERATIONAL 30 00:03:07

2.2.2.2 xe2 Active OPERATIONAL 30 00:25:52

3.3.3.3 xe3 Active OPERATIONAL 30 00:03:09

p#show ip ospf neighbor
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Total number of full neighbors: 3
OSPF process 100 VRF (default):

Neighbor ID Pri State Dead Time Address Interface
1.1.1.1 1 Full/DR 00:00:30 10.10.1.1 xel
2.2.2.2 1 Full/Backup 00:00:38 20.20.1.1 xe2
3.3.3.3 1 Full/Backup 00:00:37 30.30.1.1 xe3

PE2#show mpls vpls detail
Virtual Private LAN Service Instance: v4, ID: 28
SIG-Protocol: LDP
Attachment-Circuit :UP
Learning: Enabled
Control-Word: Disabled
Flow Label Status: Disabled, Direction: None, Static: No

Group ID: 0, VPLS Type: Ethernet VLAN, Configured MTU: 1500

Description: none
service-tpid: dotl.qg
Operating mode: Tagged
Svlan Id: O

Svlan Tpid: 8100
Configured interfaces:
Interface: xe2

Service-template : templated
Match criteria : 700,
Untagged ,

1200/3200

Action type : Push

Action value : 300

Mesh Peers:
1.1.1.1 (Up)
3.3.3.3 (Up)

Virtual Private LAN Service Instance: VPLS1, ID: 100
SIG-Protocol: LDP

Attachment-Circuit :UP

Learning: Enabled

Control-Word: Disabled

Flow Label Status: Disabled, Direction: None, Static: No
Group ID: 0, VPLS Type: Ethernet VLAN, Configured MTU: 1500
Description: none

service-tpid: dotl.qg

Operating mode: Tagged

Svlan Id: O

Svlan Tpid: 8100

Configured interfaces:

Interface: xe2

Service-template : stl

Match criteria : 10

Mesh Peers:
1.1.1.1 (Up)

3.3.3.3 (Up)

PE2#show mpls vpls mesh

(m) - Service mapped over multipath transport
(e) - Service mapped over LDP ECMP

0
0
0

Instance ID

VPLS-ID Peer Addr Tunnel-Label In-Label Network-Intf Out-Label Lkps/St PW-INDEX SIG-Protocol Status
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28 1.1.1.1 25601 26241 xel 26240 2/up 1

28 3.3.3.3 25603 26242 xel 27523 2/Up 2

100 1.1.1.1 25601 26240 xel 26241 2/up 3

100 3.3.3.3 25603 26243 xel 27520 2/Up 4
PE2#show 1ldp session

Peer IP Address IF Name My Role State KeepAlive
1.1.1.1 xel Active OPERATIONAL 30
3.3.3.3 xel Passive OPERATIONAL 30
9.9.9.9 xel Passive OPERATIONAL 30
PE2#show ip ospf neighbor

Total number of full neighbors: 1

OSPF process 100 VRF (default):

Neighbor ID Pri State Dead Time Address Interface
9.9.9.9 1 Full/DR 00:00:32 20.20.1.2 xel

PE3#show mpls vpls detail
Virtual Private LAN Service Instance: v4, ID: 28
SIG-Protocol: LDP

Attachment-Circuit :UP

Learning: Enabled

Control-Word: Disabled

Flow Label Status: Disabled, Direction: None, Static: No

LDP
LDP
LDP
LDP

I
0

Group ID: 0, VPLS Type: Ethernet VLAN, Configured MTU: 1500

Description: none
service-tpid: dotl.g
Operating mode: Tagged
Svlan Id: O

Svlan Tpid: 8100
Configured interfaces:
Interface: xe2

Service-template : template4
Match criteria : 700,
Untagged ,

1200/3200

Action type : Push

Action value : 300

Mesh Peers:
1.1.1.1 (Up)
2.2.2.2 (Up)

Virtual Private LAN Service Instance: VPLS1, ID: 100
SIG-Protocol: LDP

Attachment-Circuit :UP

Learning: Enabled

Control-Word: Disabled

Flow Label Status: Disabled, Direction: None, Static: No

Group ID: 0, VPLS Type: Ethernet VLAN, Configured MTU: 1500

Description: none

Active
Active
Active
Active

UpTime

00:35:15
00:30:51
00:00:59

nstance 1D
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service-tpid: dotl.g
Operating mode: Tagged
Svlan Id: O

Svlan Tpid: 8100
Configured interfaces:
Interface: xe2
Service-template : stl
Match criteria : 20

Mesh Peers:
1.1.1.1 (Up)
2.2.2.2 (Up)

PE3#show 1ldp session

Peer IP Address IF Name My Role State KeepAlive UpTime

9.9.9.9 xel Passive OPERATIONAL 30 00:02:23
1.1.1.1 xel Active OPERATIONAL 30 00:31:56
2.2.2.2 xel Active OPERATIONAL 30 00:32:17

PE3#show ip ospf neighbor

Total number of full neighbors: 1

OSPF process 100 VRF (default) :

Neighbor ID Pri State Dead Time Address Interface Instance ID
9.9.9.9 1 Full/DR 00:00:37 30.30.1.2 xel 0

Validation for the Number of Configured VPLS Instances

This example below shows number of configured VPLS instances.

PEl#show mpls vpls count

Total VPLS instances : 2
Active VPLS instances : 2
Inactive VPLS instances : 2

The example below shows the Count of VPLS from LDP standpoint
PEl#show ldp vpls count

Total VPLS instances : 2
Active VPLS instances : 2
Inactive VPLS instances : O

The example below shows the number of MAC addresses learned by VPLS.

PEl#show mpls vpls mac-address count
Total no of MAC addresses learnt :6
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VPLS Split Horizon Group

In VPLS Hierarchy, multiple attachment circuits (AC) can be configured per few VPLS instances and AC-AC traffic
blocking is not supported.Thus,when the PE router receives a broadcast, multicast, or unknown unicast packet on an
AC.It sends the packet out on all other attachment circuits to all other CE devices participating in that VPLS instance.

To avoid this problem of a packet looping in the provider core, the PE devices enforce a "split-horizon" principle for the
VPLS instances. That means the traffic will not flood if AC1 and AC2 are in same split horizon group.

The examples show the minimum configuration required for enabling a VPLS Mesh peer between PE-1, PE-2 with split
horizon group. In the below example PE-1 and PE-2 uses split horizon groups where traffic can't be forwarded between
the ACs if they are part of same access groups.But can send/receive from network ports.

el

CE1
FE1 xald
—— _‘-.,L el

CE2
wied

Xed

Xad

xeh

weh

P2

Figure 8-18: Figure 8-15: VPLS Mesh Peers split horizon

Configuration With Service Template

PE1

fconfigure terminal

Enter configure mode.

(config) #interface 1lo

Enter interface mode.

(config-if) #ip address 48.48.48.48/32
secondary

Configure IP address for the loopback interface.

config-if) #fexit

Exit interface mode.

config) #interface xel

Specify the Interface to be configured.

config-if) #ip address 40.40.40.1/24

Configure IP address for the interface.

Administratively brining up the interface.

config-if) #label-switching

Enable label switching on the interface

config-if) #mpls ldp-igp sync isis level-1-2  Enable LDP IS-IS synchronization

config-if)#isis network point-to-point

Configure the ISIS interface network type as point to point

(
(
(
(config-if) #no shutdown
(
(
(
(

config-if)#ip router isis ISIS-IGP

Enable IS-IS routing on an interface
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config-if) #enable-1dp ipvié

Enable IPv4 LDP configuration on interface

config-if) #fexit

Exit interface mode.

config)#interface xel9

Specify the Interface to be configured

config-if)#ip address 57.57.57.6/24

Configure IP address for the interface.

config-if) #no shutdown

Administratively brining up the interface.

config-if)#label-switching

Enable label switching on the interface

Enable LDP IS-IS synchronization

config-if) #isis network point-to-point

Configure the ISIS interface network type as point to point

config-if)#ip router isis ISIS-IGP

Enable IS-IS routing on an interface

config-if) #enable-1dp ipvié

Enable IPv4 LDP configuration on interface

config-if) #exit

)
)
)
config-if) #mpls ldp-igp sync isis level-1-2
)
)
)
)

Exit interface mode.

Specify the Interface to be configured

config-if) #ip address 52.52.52.5/24

Configure IP address for the interface.

config-if) #no shutdown

Administratively brining up the interface.

config-if)#label-switching

Enable label switching on the interface

Enable LDP IS-IS synchronization

config-if) #isis network point-to-point

Configure the ISIS interface network type as point to point

config-if)#ip router isis ISIS-IGP

Enable IS-IS routing on an interface

config-if) #enable-1dp ipvié

Enable IPv4 LDP configuration on interface

config-if) #exit

)
)
)
config-if) #mpls ldp-igp sync isis level-1-2
)
)
)
)

Exit interface mode.

config) #frouter isis ISIS-IGP

Create an IS-IS routing instance

config) #is-type level-1

Configure instance as level-2-only routing.

config) #fmetric-style wide

Configure the new style of metric type as wide.

(
(
(
(
(
(
(
(
(
(
(
(config) #interface xe20
(
(
(
(
(
(
(
(
(
(
(
(

config) #mpls traffic-eng router-id
48.48.48.48

Configure MPLS-TE unique router-id TLV.

(config) #mpls traffic-eng level-1

Enable MPLS-TE in is-type Level-1

(config) #capability cspf

Enable CSPF feature for ISIS instance.

(config) #dynamic-hostname

Configure the hostname to be advertised for an ISIS
instance

(config) #fast-reroute ti-1fa level-1 proto

ipvé

Configure LFA-FRR to calculate the available backup path
for all L1 IPv4 prefixes learned

(config) #fast-reroute ti-1fa level-2 proto

ipv4

Configure LFA-FRR to calculate the available backup path
for all L2 IPv4 prefixes learned

(config) #bfd all-interfaces

Enable BFD for all neighbors.

(config) #net 49.0000.0000.0001.00

Set a Network Entity Title for this instance, specifying the
area address and the system ID.

(config) #router 1ldp

Enter router mode for LDP.

(config-router) #targeted-peer ipv4
45.45.45.45

Configuring targeted LDP sessions to PE-2

(config-router-targeted-peer) fexit

Exit config-router-targeted-peer mode

(config-router) #exit

Exit router configuration mode.

(config) #router bgp 65010

Define the routing process. The number 65010
specifies the AS number
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(config-router) #bgp router-id 48.48.48.48

Assign a BGP router ID.

(config-router) #neighbor 45.45.45.45 remote-
as 65010

Define the eBGP neighbor

(config-router) #neighbor 45.45.45.45 fall-
over bfd multihop

Enabling BFD at BGP level for particular neighbor.

(config-router) #neighbor 45.45.45.45 update-
source lo

Update the source for that particular neighbor as loopback
interface

config-router) #address—-family ipv4 unicast

Enter into labeled-unicast address family

config-router) #neighbor 45.45.45.45 activate

Activate the neighbor inside labeled-unicast address family

config-router) #exit-address-family

Exit from address family IPv4 labeled unicast

config-router) #address—-family vpnv4 unicast

Enter into vpnv4 unicast address family

Activate the neighbor inside vpnv4 address family

config-router) #exit-address-family

Exit from address family vpnv4

config-router) #address-family ipvé6 unicast

Enter into labeled-unicast address family

config-router) #redistribute connected

Redistribute the connected routes.

)
)
)
)
config-router) #neighbor 45.45.45.45 activate
)
)
)
)

config-router) #exit-address-family

Exit from address family IPv6 labeled unicast

config) #mpls vpls VPLS-PE1-PE2-600 600

Configuring VPLS instance with name and VPLS ID.

config-vpls) #signaling 1ldp

Enabling LDP signaling for the VPLS instance.

config-vpls) #vpls-type vlan

Configure VPLS type as VLAN encapsulation

config-vpls-siqg) #vpls—-peer 45.45.45.45

Configuring VPLS mesh peers.

config-vpls-sig) #exit-signaling

Exit from VPLS signaling mode.

config-vpls) ffexit

Exit from VPLS Mode.

config) #mpls vpls VPLS-PE1-PE2-601 601

Configuring VPLS instance with name and VPLS ID.

config-vpls)#signaling ldp

Enabling LDP signaling for the VPLS instance.

Configure VPLS type as VLAN encapsulation

config-vpls-siqg) #vpls—-peer 45.45.45.45

Configuring VPLS mesh peers.

config-vpls-sig) #exit-signaling

Exit from VPLS signaling mode.

config-vpls) ffexit

Exit from VPLS Mode.

config) #mpls vpls VPLS-PE1-PE2-602 602

Configuring VPLS instance with name and VPLS ID.

config-vpls)#signaling ldp

Enabling LDP signaling for the VPLS instance.

config-vpls) #vpls-type vlan

Configure VPLS type as VLAN encapsulation

config-vpls-siqg) #vpls—-peer 45.45.45.45

Configuring VPLS mesh peers.

config-vpls-sig) #exit-signaling

Exit from VPLS signaling mode.

config-vpls) ffexit

Exit from VPLS Mode.

config) #service-template ST-VPLS-PE1-PE2-600

Template configuration

config-svc) ffexit

Exit service template mode

config) #service-template ST-VPLS-PE1-PE2-601

Template configuration

config-svc) #fexit

Exit service template mode

config) #service-template ST-VPLS-PE1-PE2-602

Template configuration

config-svc) fexit

Exit service template mode

config) #interface xe2

Specify the attachment circuit interface.

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(config-vpls) #vpls-type vlan
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

config-if) #switchport

Configuring the attachment circuit interface as Layer-2.
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(config-if) #mpls-vpls VPLS-PE1-PE2-600
service-template ST-VPLS-PE1-PE2-600

Associating the VPLS Instance to the attachment circuit
interface.

(config-if) #split-horizon group accessl

Configuring split horizon group.

(config-if-vpls) fexit

Exit VPLS attachment-circuit mode

(config-if) #mpls-vpls VPLS-PE1-PE2-601
service-template ST-VPLS-PE1-PE2-601

Associating the VPLS Instance to the attachment circuit
interface.

(config-if) #split-horizon group accessl

Configuring split horizon group

(config-if-vpls) #fexit

Exit VPLS attachment-circuit mode

(config-if) #mpls-vpls VPLS-PE1-PE2-602
service-template ST-VPLS-PE1-PE2-602

Associating the VPLS Instance to the attachment circuit
interface.

config-if) #split-horizon group accessl

Configuring split horizon group

config-if-vpls) ffexit

Exit VPLS attachment-circuit mode

Specify the attachment circuit interface.

config-if) #switchport

Configuring the attachment circuit interface as Layer-2.

(
(
(config)#interface xe23
(
(

config-if) #mpls-vpls VPLS-PE1-PE2-600
service-template ST-VPLS-PE1-PE2-600

Associating the VPLS Instance to the attachment circuit
interface.

(config-if) #split-horizon group accessl

Configuring split horizon group

(config-if-vpls) #exit

Exit VPLS attachment-circuit mode

(config-if) #mpls-vpls VPLS-PE1-PE2-601
service-template ST-VPLS-PE1-PE2-601

Associating the VPLS Instance to the attachment circuit
interface.

(config-if) #split-horizon group accessl

Configuring split horizon group

(config-if-vpls) fexit

Exit VPLS attachment-circuit mode

(config-if) #mpls-vpls VPLS-PE1-PE2-602
service-template ST-VPLS-PE1-PE2-602

Associating the VPLS Instance to the attachment circuit
interface.

config-if) #split-horizon group accessl

Configuring split horizon group

config-if-vpls) #exit

Exit VPLS attachment-circuit mode

config-if)exit

Exit interface mode.

Commit the transaction.

(
(
(
(config) #commit
#

copy running-config startup-config

Save the configuration.

P1

#configure terminal

Enter configure mode.

(config) #interface lo

Enter interface mode.

(config-if) #ip address 18.18.18.18/32
secondary

Configure IP address for the loopback interface.

config-if) #fexit

Exit interface mode.

config)#interface geb

Specify the interface to be configured.

config-if) #ip address 60.60.60.2/24

Configure IP address for the interface.

config-if) #label-switching

Enabling label switching capability on router

#mpls ldp-igp sync isis level-1-2

Enable LDP IS-IS synchronization

Configure the ISIS interface network type as point to point

config-if)#ip router isis ISIS-IGP

Enable IS-IS routing on an interface

(
(
(
(
(config-if
(
(
(

)
)
)
config-if) #isis network point-to-point
)
)

config-if) #enable-1dp ipv4

Enable IPv4 LDP configuration on interface
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config-if) #fexit

Exit interface mode.

config) #interface xe2

Specify the Interface to be configured

config-if)#ip address 60.60.60.2/24

Configure IP address for the interface.

config-if) #no shutdown

Administratively brining up the interface.

config-if) #label-switching

Enable label switching on the interface

Enable LDP IS-IS synchronization

config-if) #ip router isis ISIS-IGP

Configure the ISIS interface network type as point to point

config-if) #enable-1dp ipvé

Enable IS-IS routing on an interface

)
)
)
config-if)#isis network point-to-point
)
)
)

config-if) #exit

Enable IPv4 LDP configuration on interface

config) #interface xe3

Exit interface mode.

config-if) #ip address 80.80.80.1/24

Configure IP address for the interface.

config-if)#label-switching

Enable label switching on the interface

config-if) #mpls ldp-igp sync isis level-1-2

Enable LDP IS-IS synchronization

Configure the ISIS interface network type as point to point

config-if)#ip router isis ISIS-IGP

Enable IS-IS routing on an interface for area 49

config-if) #enable-1dp ipvié

Enable IPv4 LDP configuration on interface.

)
)
)
config-if) #isis network point-to-point
)
)
)

config-if) #exit

Exit interface mode.

config) #router isis ISIS-IGP

Create an IS-IS routing instance

config) #is-type level-1

Configure instance as level-2-only routing.

config) #fmetric-style wide

Configure the new style of metric type as wide.

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

config) #mpls traffic-eng router-id

18.18.18.18

Configure MPLS-TE unique router-id TLV.

(

config) #mpls traffic-eng level-1

Enable MPLS-TE in is-type Level-1

(

config) ffcapability cspf

Enable CSPF feature for ISIS instance.

(

config) #dynamic-hostname

Configure the hostname to be advertised for an ISIS
instance

(

config) #fast-reroute ti-1fa level-1 proto

ipvé

Configure LFA-FRR to calculate the available backup path
for all L1 IPv4 prefixes learned

(

config) #fast-reroute ti-1fa level-2 proto

ipv4

Configure LFA-FRR to calculate the available backup path
for all L2 IPv4 prefixes learned

(

config) #fast-reroute ti-1fa level-2 proto

ipv4

Configure LFA-FRR to calculate the available backup path
for all L2 IPv4 prefixes learned

(

config) #bfd all-interfaces

Enable BFD for all neighbors.

(

config) #net 49.0000.0000.0002.00

Set a Network Entity Title for this instance, specifying the
area address and the system ID.

config-router) #fexit

Exit router mode.

config) #router 1ldp

Enter router mode for LDP.

config-router) #fexit

Exit router mode.

config) #fcommit

Commit the transaction.

(
(
(
(
#

copy running-config startup-config

Save the configuration.
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PE2

#configure terminal

Enter configure mode.

(config) #interface 1lo

Enter interface mode.

(config-if) #ip address 45.45.45.45/32
secondary

Configure IP address for the loopback interface.

config-if) #fexit

Exit interface mode.

config) #interface xel

Specify the Interface to be configured.

config-if)#ip address 60.60.60.1/24

Configure IP address for the interface.

config-if) #no shutdown

Administratively brining up the interface.

config-if) #label-switching

Enable label switching on the interface

config-if

#mpls ldp-igp sync isis level-1-2

Enable LDP IS-IS synchronization

Configure the ISIS interface network type as point to point

config-if)#ip router isis ISIS-IGP

Enable IS-IS routing on an interface

config-if) #enable-1dp ipv4

Enable IPv4 LDP configuration on interface

)
)
)
)
config-if) #isis network point-to-point
)
)
)

config-if) #exit

Exit interface mode.

config) #interface xed

Specify the Interface to be configured.

config-if)#ip address 70.70.70.1/24

Configure IP address for the interface.

config-if) #no shutdown

Administratively brining up the interface.

config-if) #label-switching

Enable label switching on the interface

config-if) #mpls ldp-igp sync isis level-1-2

Enable LDP IS-IS synchronization

Configure the ISIS interface network type as point to point

config-if)#ip router isis ISIS-IGP

Enable IS-IS routing on an interface

config-if) #enable-1dp ipv4

Enable IPv4 LDP configuration on interface

config-if) #fexit

Exit interface mode.

config) #interface xe8

Specify the Interface to be configured.

config-if) #ip address 57.57.57.7/24

Configure IP address for the interface.

config-if) #no shutdown

Administratively brining up the interface.

config-if) #label-switching

Enable label switching on the interface

config-if) #mpls ldp-igp sync isis level-1-2

Enable LDP IS-IS synchronization

config-if) #isis network point-to-point

Configure the ISIS interface network type as point to point

config-if)#ip router isis ISIS-IGP

Enable IS-IS routing on an interface

config-if) #enable-1dp ipv4

Enable IPv4 LDP configuration on interface

config-if) #fexit

Exit interface mode.

config) #router isis ISIS-IGP

Create an IS-IS routing instance

config) #is-type level-1

Configure instance as level-2-only routing.

config) #metric-style wide

Configure the new style of metric type as wide.

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(config-if) #isis network point-to-point
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

config) #mpls traffic-eng router-id
48.48.48.48

Configure MPLS-TE unique router-id TLV.

(confiqg) #mpls traffic-eng level-1

Enable MPLS-TE in is-type Level-1

(config) #capability cspf

Enable CSPF feature for ISIS instance.
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(config) #dynamic-hostname

Configure the hostname to be advertised for an ISIS
instance

(config) #fast-reroute ti-1fa level-1 proto
ipvé

Configure LFA-FRR to calculate the available backup path
for all L1 IPv4 prefixes learned

(config) #fast-reroute ti-1fa level-2 proto
ipv4

Configure LFA-FRR to calculate the available backup path
for all L2 IPv4 prefixes learned

(config) #bfd all-interfaces

Enable BFD for all neighbors.

(config) #net 49.0000.0000.0003.00

Set a Network Entity Title for this instance, specifying the
area address and the system ID.

(config) #router 1ldp

Enter router mode for LDP.

(config-router) #targeted-peer ipv4
48.48.48.48

Configuring targeted LDP sessions to PE-2

(config-router-targeted-peer) #exit

Exit config-router-targeted-peer mode

(config-router) #exit

Exit router configuration mode.

(config) #router bgp 65010

Define the routing process. The number 65010
specifies the AS number

(config-router) #bgp router-id 45.45.45.45

Assign a BGP router ID.

(config-router) #neighbor 48.48.48.48 remote-
as 65010

Define the eBGP neighbor

(config-router) #neighbor 48.48.48.48 fall-
over bfd multihop

Enabling BFD at BGP level for particular neighbor.

(config-router) #neighbor 48.48.48.48 update-
source lo

Update the source for that particular neighbor as loopback
interface

config-router) #address-family ipv4 unicast

Enter into labeled-unicast address family

config-router) #neighbor 48.48.48.48 activate

Activate the neighbor inside labeled-unicast address family

config-router) #exit-address-family

Exit from address family IPv4 labeled unicast

config-router) #address-family vpnv4 unicast

Enter into vpnv4 unicast address family

config-router) #neighbor 48.48.48.48 activate

Activate the neighbor inside vpnv4 address family

config-router) #exit-address-family

Exit from address family vpnv4

config-router) #address-family ipv6 unicast

Enter into labeled-unicast address family

config-router) #redistribute connected

Redistribute the connected routes.

config-router) #exit-address-family

Exit from address family IPv6 labeled unicast

config) #mpls vpls VPLS-PE1-PE2-600 600

Configuring VPLS instance with name and VPLS ID.

Enabling LDP signaling for the VPLS instance.

config-vpls) #vpls-type vlan

Configure VPLS type as VLAN encapsulation

config-vpls-siqg) #vpls-peer 48.48.48.48

Configuring VPLS mesh peers.

config-vpls-sig) #exit-signaling

Exit from VPLS signaling mode.

config-vpls) #fexit

Exit from VPLS Mode.

config) #mpls vpls VPLS-PE1-PE2-601 601

Configuring VPLS instance with name and VPLS ID.

config-vpls) #signaling 1ldp

Enabling LDP signaling for the VPLS instance.

config-vpls) #vpls-type vlan

Configure VPLS type as VLAN encapsulation

config-vpls-siqg) #vpls-peer 48.48.48.48

Configuring VPLS mesh peers.

config-vpls-sig) #exit-signaling

Exit from VPLS signaling mode.

(
(
(
(
(
(
(
(
(
(
(config-vpls) #signaling 1ldp
(
(
(
(
(
(
(
(
(
(

config-vpls) #fexit

Exit from VPLS Mode.
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config) #mpls vpls VPLS-PE1-PE2-602 602

Configuring VPLS instance with name and VPLS ID.

config-vpls) #signaling 1ldp

Enabling LDP signaling for the VPLS instance.

config-vpls) #vpls-type vlan

Configure VPLS type as VLAN encapsulation

config-vpls-sig) #vpls-peer 48.48.48.48

Configuring VPLS mesh peers.

config-vpls-sig) #exit-signaling

Exit from VPLS signaling mode.

config-vpls) ffexit

Exit from VPLS Mode.

Creates a L2 sub-interface as xe2.600.

config-if) #encapsulation dotlg 600

Configuring the attachment circuit interface as Layer-2.

config-if) #rewrite push 0x8100 4050

Configure rewrite push.

config-if) #split-horizon group accessl

Configuring split horizon group.

config-if-vpls) #load-interval 30

Configure load period in multiple of 30 seconds

config-if) #access-if-vpls

Access VPLS under sub interface

(
(
(
(
(
(
(config) #interface xe2.600 switchport
(
(
(
(
(
(

config-if-vpls) #mpls-vpls VPLS-PE1-PE2-600

Associating the VPLS Instance to the attachment circuit
interface.

config)#interface xe2.601 switchport

Creates a L2 sub-interface as xe2.600.

config-if) #encapsulation dotlg 601

Configuring the attachment circuit interface as Layer-2

config-if) #rewrite push 0x8100 4050

Configure rewrite push.

Configuring split horizon group.

config-if-vpls) #load-interval 30

Configure load period in multiple of 30 seconds

config-if) #access-if-vpls

Access VPLS under sub interface

(
(
(
(config-if) #split-horizon group accessl
(
(
(

config-if-vpls) #mpls-vpls VPLS-PE1-PE2-601

Associating the VPLS Instance to the attachment circuit
interface.

config) #interface xe2.602 switchport

Creates a L2 sub-interface as xe2.600.

config-if) #fencapsulation dotlg 602

Configuring the attachment circuit interface as Layer-2

config-if) #rewrite push 0x8100 4050

Configure rewrite push.

config-if) #split-horizon group accessl

Configuring split horizon group.

config-if-vpls)#load-interval 30

Configure load period in multiple of 30 seconds

(
(
(
(
(
(

config-if) #access-if-vpls

Access VPLS under sub interface

config-if-vpls) #mpls-vpls VPLS-PE1-PE2-602

Associating the VPLS Instance to the attachment circuit
interface.

config) #interface xe23.600 switchport

Creates a L2 sub-interface as xe2.600.

config-if) #encapsulation dotlqg 600

Configuring the attachment circuit interface as Layer-2

config-if) #rewrite push 0x8100 4050

Configure rewrite push.

Configuring split horizon group.

config-if-vpls)#load-interval 30

Configure load period in multiple of 30 seconds

config-if) #access-if-vpls

Access VPLS under sub interface

(
(
(
(config-if) #split-horizon group accessl
(
(
(

config-if-vpls) #mpls-vpls VPLS-PE1-PE2-600

Associating the VPLS Instance to the attachment circuit
interface.

config) #interface xe23.601 switchport

Creates a L2 sub-interface as xe2.600.

config-if) #encapsulation dotlg 601

Configuring the attachment circuit interface as Layer-2

config-if) #rewrite push 0x8100 4050

Configure rewrite push.

(
(
(
(

config-if) #split-horizon group accessl

Configuring split horizon group.
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(

config-if-vpls) #load-interval 30

Configure load period in multiple of 30 seconds

(

config-if) #access-if-vpls

Access VPLS under sub interface

(config-if-vpls) #mpls-vpls VPLS-PE1-PE2-601

Associating the VPLS Instance to the attachment circuit
interface.

config) #interface xe23.602 switchport

Creates a L2 sub-interface as xe2.600.

config-if) #encapsulation dotlg 602

Configuring the attachment circuit interface as Layer-2.

config-if) #rewrite push 0x8100 4050

Configure rewrite push.

config-if) #split-horizon group accessl

Configuring split horizon group.

config-if-vpls) #load-interval 30

Configure load period in multiple of 30 seconds

config-if) #access-if-vpls

Access VPLS under sub interface

(
(
(
(
(
(
(

config-if-vpls) #mpls-vpls VPLS-PE1-PE2-602

Associating the VPLS Instance to the attachment circuit
interface.

(

config-if) #commit

Commit the candidate configuration to the running
configuration.

(

config-if) #exit

Exit interface mode

#copy running-config startup-config Save the configuration.
P2
#configure terminal Enter configure mode.

(

config) #interface 1lo

Enter interface mode.

(

S

config-if)#ip address 46.46.46.46/32
econdary

Configure IP address for the loopback interface.

config-if) #fexit

Exit interface mode.

config) #interface xel

Specify the interface to be configured.

config-if)#ip address 80.80.80.2/24

Configure IP address for the interface.

config-if) #label-switching

Enable label switching on the interface

config-if) #mpls ldp-igp sync isis level-1-2

Enable LDP IS-IS synchronization

Configure the ISIS interface network type as point to point

config-if) #ip router isis ISIS-IGP

Enable IS-IS routing on an interface for area 49

config-if) #enable-1dp ipv4

Enable IPv4 LDP configuration on interface.

)
)
)
config-if)#isis network point-to-point
)
)
)

config-if) #exit

Exit interface mode.

config) #interface xe2

Enter interface mode.

config-if) #ip address 70.70.70.2/24

Specify the interface to be configured.

config-if)#label-switching

Enable label switching on the interface

config-if) #mpls ldp-igp sync isis level-1-2

Enable LDP IS-IS synchronization

Configure the ISIS interface network type as point to point

config-if)#ip router isis ISIS-IGP

Enable IS-IS routing on an interface for area 49

config-if) #enable-1dp ipvié

Enable IPv4 LDP configuration on interface.

)
)
)
config-if) #isis network point-to-point
)
)
)

config-if) #exit

Exit interface mode.

config) #interface xe3

Enter interface mode.

config-if) #ip address 40.40.40.2/24

Specify the interface to be configured.

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

config-if) #label-switching

Enable label switching on the interface
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config-if) #mpls ldp-igp sync isis level-1-2

Enable LDP IS-IS synchronization

config-if) #isis network point-to-point

Configure the ISIS interface network type as point to point

Enable IS-IS routing on an interface for area 49

config-if) #enable-1dp ipvié

Enable IPv4 LDP configuration on interface.

)
)
config-if)#ip router isis ISIS-IGP
)
)

config-if) #exit

Exit interface mode.

#router isis ISIS-IGP

Create an IS-IS routing instance

Configure instance as level-2-only routing.

)
config) #is-type level-1
)

fmetric-style wide

Configure the new style of metric type as wide.

config) #mpls traffic-eng router-id
46.46.46.46

Configure MPLS-TE unique router-id TLV.

(config) #mpls traffic-eng level-1

Enable MPLS-TE in is-type Level-1

(config) #capability cspf

Enable CSPF feature for ISIS instance.

(config) #dynamic-hostname

Configure the hostname to be advertised for an ISIS
instance

(config) #fast-reroute ti-1fa level-1 proto
ipvé

Configure LFA-FRR to calculate the available backup path
for all L1 IPv4 prefixes learned

(config) #fast-reroute ti-1fa level-2 proto
ipv4

Configure LFA-FRR to calculate the available backup path
for all L2 IPv4 prefixes learned

(config) #bfd all-interfaces

Enable BFD for all neighbors.

(config) #net 49.0000.0000.0004.00

Set a Network Entity Title for this instance, specifying the
area address and the system ID.

config-router) fexit

Exit router mode.

config) #router 1ldp

Enter router mode for LDP.

config-router) #fexit

Exit router mode.

config) #commit

Commit the transaction.

copy running-config startup-config

Save the configuration.
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cHarTER9 Static VPLS Configuration

This chapter includes step-by-step configurations for Static VPLS. It also contains an overview of the concepts of Static
VPLS.

Overview

Virtual Private LAN Service (VPLS) is a way to provide Ethernet-based multipoint-to-multipoint communication over IP-
MPLS networks. It allows geographically-dispersed sites to share an Ethernet broadcast domain by connecting sites
through pseudowires. A set of Martini circuits is grouped by a common VPLS identifier to achieve this service objective.

A pseudowire (PW) consists of a pair of point-to-point, single-hop unidirectional LSPs in opposite directions, each
identified by a PW label, also called a Virtual Connection (VC) label.

The Label Distribution Protocol (LDP) is used to signal constituent VCs, and the service provider may use either LDP or
RSVP-TE or add static provisioning to set up LSP tunnels to transport data through virtual circuits.

The VPLS identifier is exchanged with the labels, so that both PWs can be linked and be associated with a particular
VPLS instance.

Configure Static VPLS

In the following examples, VPLS (v1) is configured on PE-2 with Static VPLS-Peers PE-1 and PE-3 using static LSPs.

2.2.2.2/32

xe1l
20.1.1.2/32

1.1.1.1/32 9.9.9.9/32

xe2

e — xe1l .
{ 20.1.1.1/32

— < 10.1.1.2/32
xe1

10.1.1.1/32

xe3
30.1.1.1/32
xe1

301.1.2/32

3.3.3.3/32

Figure 9-19: Static Virtual Private LAN Service Topology
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PE-1

fconfigure terminal

Enter configure mode.

(config) #mpls ftn-entry tunnel-id 11
2.2.2.2/32 102 10.10.1.2 xel primary

Configure MPLS FTN entry for the creation of a static LSP to
PE-2.

(config) #mpls ftn-entry tunnel-id 22
3.3.3.3/32 103 10.10.1.2 xel primary

Configure MPLS FTN entry for the creation of a static LSP to
PE-3.

(config) #mpls ilm-entry 201 pop

Configure MPLS ILM entry for the creation of a static LSP to
PE-2.

(config) #mpls ilm-entry 301 pop

Configure MPLS ILM entry for the creation of a static LSP to
PE-3.

(config) #mpls vpls v1 100

Configure VPLS v1 with ID 100 on PE-1.

(config-vpls) #vpls-peer 2.2.2.2 tunnel-id 11
manual

Configure PE-2 as a manual VPLS peer using the static LSP
tunnel ID 11

(config-vpls) #vpls-peer 3.3.3.3 tunnel-id 22
manual

Configure PE-3 as a manual VPLS peer using the static LSP
tunnel ID 22.

config-vpls) ffexit

Exit Configure VPLS mode.

config) #interface xel

Enter interface mode.

config-if) #ip address 10.10.1.1/24

Configure IP address for the interface.

config-if)#label-switching

Enable label switching capability on the interface.

Exit interface mode

config) #finterface 1lo

Enter interface mode

config-if)#ip address 1.1.1.1/32 secondary

Configure IP address for the loopback interface.

config-if) #fexit

Exit interface mode

(
(
(
(
(config-if) #exit
(
(
(
(

config) #router ospf 100

Configure the routing process and specify the routing
process ID(100) .

config-router) #ospf router-id 1.1.1.1

Configure OSPF router id same as loopback IP address

(
(config-router) #transport-address ipv4
1.1.1.1

Configure transport address as loopback address.

(config-router) #targeted-peer ipv4d 3.3.3.3

Configure targeted peer.

(config-router-targeted-peer) fexit

Exit-targeted-peer-mode

(config-router) #network 10.10.1.0/24 area 0

Define the interface address on which the OSPF runs and
associate an area ID(0) with the interface address.

(config-router) #network 1.1.1.1/32 area O

Define the interface address on which the OSPF runs and
associate an area ID(0) with the interface address.

config-router) fexit

Exit router mode

config) #fservice-template stl

Template configuration

config-svc) #fexit

Exit service template mode

config) #interface xe2

Enter interface mode.

config-if) #switchport

Switch to Layer-2 mode.

(
(
(
(
(
(

config-if) #mpls-vpls vl service-template
stl

Bind the VPLS to the Access Interface.

(config-if-vpls) #split-horizon group accessl

Configure split-horizon group on VPLS

(config-if-vpls) #exit

Exit VPLS attachment-circuit mode

(config-if) ffexit

Exit interface mode.
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(config) #vpls
1000 xel 2000

fib-entry 100 peer 2.2.2.2

Configure VPLS FIB entry for VPLS peer PE-2.

(config) #vpls
3000 xel 4000

fib-entry 100 peer 3.3.3.3

Configure VPLS FIB entry for VPLS peer PE-3.

(config) #commit

Commit the transaction.

P

#configure terminal

Enter configure mode

config) #finterface 1lo

Enter interface mode

config-if)#ip address 9.9.9.9/32 secondary

Configure IP address for the loopback interface.

config-if) #fexit

Exit interface mode

config) #interface xel

Specify the interface to be configured.

config-if)#ip address 10.10.1.2/24

Configure IP address for the interface.

config-if) #label-switching

Enable label switching capability on the interface.

config-if) #fexit

Exit interface mode

config) #interface xe2

Enter interface mode

config-if)#ip address 20.20.1.2/24

Configure IP address for the interface.

config-if) #label-switching

Enable label switching capability on the interface.

config-if) #exit

Exit interface mode

config) #interface xe3

Enter interface mode

config-if)#ip address 30.30.1.2/24

Configure IP address for the interface.

config-if)#label-switching

Enable label switching capability on the interface.

config-if) #fexit

Exit interface mode

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

config) #router ospf 100

Configure the routing process and specify the routing process
ID(100).

(config-router) #ospf router-id 9.9.9.9

Configure OSPF router id same as loopback IP address

(config-router) #transport-address ipv4
9.9.9.9

Configure transport address as loopback address.

(config-router) #network 10.1.1.0/24 area 0

Define the interface address on which the OSPF runs and
associate an area ID(0) with the Interface address.

(config-router) #network 20.20.1.0/24 area 0

Define the interface address on which the OSPF runs and
associate an area ID(0) with the Interface address.

(config-router) #network 30.30.1.0/24 area 0

Define the interface address on which the OSPF runs and
associate an area ID(0) with the Interface address.

(config-router) #network 9.9.9.9/32 area O

Define the interface address on which the OSPF runs and
associate an area ID(0) with the Interface address.

(config) #commit

Commit the transaction.

PE-2

fconfigure terminal

Enter Configure mode

(config) #mpls ftn-entry tunnel-id 11
1.1.1.1/32 201 20.20.1.2 xel primary

Configure MPLS FTN entry for the creation of a static LSP to
PE-1, and designate xe1 as primary.
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(config) #mpls ftn-entry tunnel-id 33 Configure MPLS FTN entry for the creation of a static LSP to

3.3.3.3/32 301 20.20.1.2 xel primary PE-3, and designate xe1 as primary.

(config) #mpls ilm-entry 102 pop Configure MPLS ILM entry for the creation of a static LSP to
PE-1.

(config) #mpls ilm-entry 302 pop Configure MPLS ILM entry for the creation of a static LSP to
PE-3

(config) #mpls vpls vl 100 Configure VPLS v1 with ID 100 on PE-2.

(config-vpls) #vpls-peer 1.1.1.1 tunnel-id 11 Configure PE-1 as a manual VPLS peer using static LSP
manual tunnel ID

(config-vpls) #vpls-peer 3.3.3.3 tunnel-id 33 Configure PE-3 as a manual VPLS peer using static LSP

manual tunnel ID
config-vpls) #exit Exit Configure VPLS mode
config) #interface 1lo Enter interface mode

config-if) #ip address 2.2.2.2/32 secondary Configure IP address for the loopback interface.

(

(

(

(config-if) #exit Exit interface mode

(config) #interface xel Enter interface mode

(config-if) #ip address 20.20.1.1/24 Configure IP address for the interface
(config-if) #label-switching Configure label switching
(config-if) #exit Exit interface mode

(config) #service-template stl Template configuration
(config-svc) #exit Exit service template mode
(config) #interface xe2 Enter interface mode

(config-if) #switchport Make port Layer-2

(ccinfig—if) #mpls-vpls vl service-template Bind the VPLS to the Access Interface
st

config-if-vpls)#split-horizon group accessl Configure split-horizon group on VPLS

(

(config-if-vpls) #exit Exit VPLS attachment-circuit mode

(config-if) #exit Exit interface mode

(config) #vpls fib-entry 100 peer 1.1.1.1 Configure VPLS FIB entry for VPLS peer PE-1.

2500 xel 1500

(confiqg) #vpls fib-entry 100 peer 3.3.3.3 Configure VPLS FIB entry for VPLS peer PE-3.

3500 xel 4500

(config) #router ospf 100 Configure the routing process and specify the routing process
ID(100).

(config-router) fospf router-id 2.2.2.2 Configure OSPF router id same as loopback IP address

(config-router) #transport-address ipv4 Configure transport address as loopback address.

2.2.2.2

(config-router) #targeted-peer ipv4 1.1.1.1 Configure targeted peer.

(config-router-targeted-peer) fexit Exit-targeted-peer-mode

(config-router) #network 20.20.1.0/24 area 0 Define the interface address on which the OSPF runs and
associate an area ID(0) with the interface address.

(config-router) #network 2.2.2.2/32 area O Define the interface address on which the OSPF runs and
associate an area ID(0) with the interface address.

(config-router) #exit Exit router mode

(config) #commit Commit the transaction.
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PE-3
#configure terminal Enter Configure mode
(config) #mpls ftn-entry tunnel-id 11 Configure MPLS FTN entry for the creation of a static LSP to
1.1.1.1/32 301 30.30.1.2 xel primary PE-1.
(config) #mpls ftn-entry tunnel-id 22 Configure MPLS FTN entry for the creation of a static LSP to
2.2.2.2/32 302 30.30.1.2 xel primary PE-2.
(config) #mpls ilm-entry 103 pop Configure MPLS ILM entry for the creation of a static LSP to
PE-1.
(config) #mpls ilm-entry 203 pop Configure MPLS ILM entry for the creation of a static LSP to
PE-2.
(config) #mpls vpls v1 100 Configure VPLS v1 with ID 100 on PE-3.
(config-vpls) #vpls-peer 1.1.1.1 tunnel-id 11 Configure PE-1 as a manual VPLS peer using static LSP
manual tunnel ID 11.
(config-vpls) #vpls-peer 2.2.2.2 tunnel-id 22 Configure PE-2 as a manual VPLS peer using static LSP
manual tunnel ID 22.
config-vpls) #fexit Exit Configure VPLS mode
config) #interface 1lo Enter interface mode

config-if) #ip address 3.3.3.3/32 secondary Configure IP address for the loopback interface.

(

(

(

(config-if) #fexit Exit interface mode

(config) #interface xel Enter interface mode

(config-if) #ip address 30.30.1.1/24 Configure IP address for the interface
(config-if) #label-switching Configure label switching
(config-if) #fexit Exit interface mode

(config) #service-template stl Template configuration
(config-svc) #exit Exit service template mode
(config) #interface xe?2 Enter interface mode

(config-if) #switchport Switch to Layer-2 mode
(ccljnfig—if) #mpls-vpls vl service-template Bind the VPLS to the Access Interface.
st

config-if-vpls) #split-horizon group accessl Configure split-horizon group on VPLS

(

(config-if-vpls) #fexit Exit VPLS attachment-circuit mode

(config-if) #exit Exit interface mode.

(config) #vpls fib-entry 100 peer 1.1.1.1 Configure VPLS FIB entry for VPLS peer PE-1.

4000 xel 3000

(config) #vpls fib-entry 100 peer 2.2.2.2 Configure VPLS FIB entry for VPLS peer PE-2.

4500 xel 3500

(config) #router ospf 100 Configure the routing process and specify the routing process
ID(100).

(config-router) #ospf router-id 3.3.3.3 Configure OSPF router id same as loopback IP address

(config-router) #transport-address ipv4 Configure transport address as loopback address.

3.3.3.3

(config-router) #targeted-peer ipv4 1.1.1.1 Configure targeted peer.

(config-router-targeted-peer) fexit Exit-targeted-peer-mode
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(config-router) #network 30.30.1.0/24 area 0

Define the interface address on which the OSPF runs and
associate an area ID(0) with the interface address.

(config-router) #network 3.3.3.3/32 area O

Define the interface address on which the OSPF runs and
associate an area ID(0) with the interface address.

(config) #commit

Commit the transaction.

Validation

Enter the commands listed in the sections below to confirm the configurations.

Verify VPLS Session on PE-1
#show mpls vpls detail

Virtual Private LAN Service Instance:

SIG-Protocol: STATIC
Attachment-Circuit :UP
Learning: Enabled
Control-Word: Disabled
Group ID: 0, Configured MTU: 1500
Description: none
service-tpid: dotl.qg
Operating mode: Raw
Configured interfaces:
Interface: xe48
Service-template : stl

Match criteria : Accept all

Mesh Peers:
2.2.2.2 (Up)
Tunnel-Id: 11
3.3.3.3 (Up)
Tunnel-Id: 22

PE1#

Verify VPLS Peer

#show mpls vpls mesh

VPLS-ID Peer Addr Tunnel-Label In-Label
100 2.2.2.2 102 1000

100 3.3.3.3 103 3000
PE1#

vl, ID: 100

Network-Intf Out-Label Lkps/St PW-INDEX SIG-Protocol
xel 2000 2/Up 1 STATIC
xel 4000 2/Up 2 STATIC

Remove Configurations

Follow these steps to remove VPLS peer and VPLS spoke FIB entries from router PE-2.

Status
Active
Active

fconfigure terminal

Enter configure mode

(config) #no vpls fib-entry 100 peer 1.1.1.1 Remove VPLS FIB for VPLS peer PE-1.
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(config) #no vpls fib-entry 100 peer 3.3.3.3 Remove VPLS FIB for VPLS peer PE-3.

(config) #exit Exit Configure mode
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cHapTER 10 Virtual Private Wire Service Configuration

This chapter shows configurations for Virtual Private Wire Service (VPWS), where a point-to-point Layer 2 VPN service
interconnects multiple Ethernet LANs across an MPLS backbone.

Overview

An MPLS Layer 2 Virtual Circuit (VC) is a point-to-point Layer 2 connection transported via MPLS on the service
provider's network. The Layer 2 circuit is transported over a single Label Switched Path (LSP) tunnel between two
Provider Edge (PE) routers.

The following diagram illustrates the configuration steps in this section. In this sample, the VC host devices, Host1 and
Host2, are connected to the Provider Edge (PE) router PE-1; and Host3 and Host4 are connected to PE-2. The VC is
established between PE-1 and PE-2. Interface xe2, on PE-1 and PE-2, is connected to the customer network; xe1, on
PE-1 and PE-2, is connected to the MPLS cloud.

100.1.1x/24 100.1.1y/24
el xed
Rawmode Rawmode

Tagged mode Tagged mode
Wian 23 Wian 23
Vian 3 Van 3
1111032 9.99.49/32 222232 I
110.1.1x/24 110.1.1y/24

Figure 10-20: MPLS Layer 2 Virtual Circuit
The VC configuration process can be divided into the following steps:

Note: Loopback addresses being used should be advertised through OSPF, or should be statically routed.
1. Configure the IP address and OSPF for the PE-1, P (Provider), and PE-2 routers.

2. Configure MPLS and LDP on PE-1, P, and PE-2, and LDP targeted peer for the PE-1 and PE-2 routers. (If RSVP is
used for configuring trunks, LDP must be configured on PE-1 and PE-2, and RSVP must be configured on PE-1, P,
and PE-2.)

3. Configure the VC.

4. Bind the customer interface to the VC.

Configure IP Address and OSPF on Routers

Configure the IP addresses and OSPF on the PE-1, P, and PE-2 routers.
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PE-1

fconfigure terminal

Enter configure mode.

(config)#interface lo

Specify the loopback interface (100) to be configured.

(config-if) #ip address 1.1.1.1/32 secondary

Set the IP address of the loopback interfaceto 1.1.1.1/
32.

config-if) #fexit

Exit interface mode.

config) #interface xel

Specify the interface (xel) to be configured.

Set the IP address of the interfaceto 10.1.1.1/24.

config-if) #fexit

Exit interface mode.

(
(
(config-if) #ip address 10.1.1.1/24
(
(

config) #router ospf 100

Configure the routing process and specify the Process ID
(100). The Process ID should be a unique positive integer
identifying the routing process.

(config-router) #network 10.1.1.0/24 area O
(config-router) #network 1.1.1.1/32 area O

Define the interface on which OSPF runs and associate the
area ID (0) with the interface.

(config-router) #commit

Commit the transaction.

P

fconfigure terminal

Enter configure mode.

(config)#interface lo

Specify the loopback interface (100) to be configured.

(config-if) #ip address 9.9.9.9/32 secondary

Set the IP address of the loopback interface to 9.9.9.9/
32.

config-if) #fexit

Exit interface mode.

config) #interface xel

Specify the interface (xel) to be configured.

config-if)#ip address 10.1.1.2/24

Set the IP address of the interfaceto 10.1.1.2/24.

Exit interface mode.

config) #interface xe2

Specify the interface (xe2) to be configured.

config-if)#ip address 20.1.1.1/24

Set the IP address of the interface to 20.1.1.1/24.

config-if) #fexit

Exit interface mode.

(
(
(
(config-if) #exit
(
(
(
(

config) #router ospf 100

Configure the routing process and specify the Process ID
(100). The Process ID should be a unique positive integer
identifying the routing process.

config-router) #network 10.1.1.0/24 area O
config-router) #network 20.1.1.0/24 area O

Define the interface on which OSPF runs and associate the
area ID (0) with the interface.

(
(
(config-router) #network 9.9.9.9/32 area O
(

config-router) #commit

Commit the transaction.

PE-2

#configure terminal

Enter configure mode.

(config) #interface lo

Specify the loopback interface (100) to be configured.

(config-if) #ip address 2.2.2.2/32 secondary

Set the IP address of the loopback interfaceto 2.2.2.2/
32.

(config-if) #exit

Exit interface mode.
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config) #interface xel

Specify the interface (xel) to be configured.

config-if) #ip address 20.1.1.2/24

Set the IP address of the interfaceto 20.1.1.2/24.

config-if) #exit

Exit interface mode.

(
(
(
(

config) #router ospf 100

Configure the routing process and specify the Process ID
(100). The Process ID should be a unique positive integer
identifying the routing process.

(config-router) #network 20.1.1.0/24 area O
(config-router) #network 2.2.2.2/32 area O

Define the interface on which OSPF runs, and associate the
area ID (0) with the interface.

(config-router) #commit

Commit the transaction.

Configure MPLS, LDP, and LDP Targeted Peer on Routers

Configure MPLS and LDP on PE-1, P, and PE-2, and LDP targeted peers on PE-1 and PE-2.
Note: If RSVP is used for configuring trunks, LDP must be configured on PE-1 and PE-2, and RSVP must be

configured on PE-1, P, and PE-2,

PE-1

fconfigure terminal

Enter configure mode.

config) #router 1ldp

Enter the Router mode.

config) #router-id 1.1.1.1

Set the router ID to IP address 1.1.1.1

(
(
(config-router) #transport-address ipv4
1.1.1.1

Configure the transport address to be used for a TCP
session over which LDP will run on an IPv4 interface.

config-router) #targeted-peer ipvd 2.2.2.2

Specify the targeted LDP peer on PE-1.

config-router-targeted-peer)# exit

Exit the Router targeted peer mode.

config-router) #exit

Exit the Router mode.

Specify the interface (xel) to be configured.

config-if) #label-switching

Enable label switching on interface xel.

config-if) #enable-1dp ipv4

Enable LDP on interface xel..

(
(
(
(config) #interface xel
(
(
(

config-if) #commit

Commit the transaction.

P

#configure terminal

Enter configure mode.

config) #router 1ldp

Enter the Router mode.

config) #frouter-id 9.9.9.9

Set the router ID to IP address 9.9.9.9

(
(
(config-router) #transport-address ipv4
9.9.9.9

Configure the transport address to be used for a TCP
session over which LDP will run on an IPv4 interface.

config-router) #fexit

Exit the Router mode.

config) #interface xel

Specify the interface (xel) to be configured.

config-if) #label-switching

Enable label switching on interface xe2.

config-if) #enable-1dp ipv4

Enable LDP on interface xe?2.

config-if) #exit

Exit interface mode.

(
(
(
(
(
(

config) #interface xe2

Specify the interface (xe?2) to be configured.
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(config-if)#label-switching

Enable label switching on interface xe2.

(config-if) #enable-1dp ipv4

Enable LDP on interface xe?2.

(config-if) #commit

Commit the transaction.

PE-2

fconfigure terminal

Enter configure mode.

config) #router 1ldp

Enter the Router mode.

config) #router-id 2.2.2.2

Set the router ID to IP address 2.2.2.2

(
(
(config-router) #transport-address ipv4
2.2.2.2

Configure the transport address to be used for a TCP session
over which LDP will run on an IPv4 interface.

config-router) #targeted-peer ipv4d 1.1.1.1

Specify the targeted LDP peer on PE-2.

config-router-targeted-peer)# exit

Exit the Router targeted peer mode.

config-router) #exit

Exit the Router mode.

Specify the interface(xe1) to be configured.

config-if) #label-switching

Enable label switching on interface xe1.

config-if) #enable-1dp ipv4

Enable LDP on interface xe1.

(
(
(
(config) #interface xel
(
(
(

config-if) #fcommit

Commit the transaction.

Configure VC

Configure the VC. Each VC ID uniquely identifies the Layer-2 circuit among all the Layer-2 circuits.

Note: Both PE routers (endpoints) must be configured with the same VC-ID (100 in this example).

PE-1

fconfigure terminal

Enter configure mode.

(config) #mpls 12-circuit tl 100 2.2.2.2

Configure the VC for PE-2. In this example, t 1 is the VC
name, 100 isthe VC ID,and 2.2.2. 2 is the VC endpoint
IP address.

(config) #commit

Save transaction into the database

PE-2

#configure terminal

Enter configure mode.

(config) #mpls 12-circuit tl1 100 1.1.1.1

Configure the VC for PE-1. In this example, t1 is the VC
name, 100 isthe VCID,and 1.1.1.1 is the VC endpoint
IP address.

(config) #commit

Commit the transaction.

Bind Customer Interface to VC

Bind the customer interface to the VC using one of the two procedures described below: Layer-2 untagged traffic or

Layer-2 tagged traffic.
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Note: Layer 2 VCs can only be bound to Layer 2 interfaces. The VC encapsulation method should be Ethernet

(default), VLAN.

Layer 2 Untagged Traffic

Use Access mode for Layer 2 untagged traffic.

PE-1

#configure terminal

Enter configure mode.

config) #fservice-template SUT1

Create a service template SUT1

config-svc) #match untagged

Allow untagged traffic.

config-svc) #fexit

Exit the service template mode

Specify the interface (xe3) to be configured.

config-if) #switchport

Switch to Layer-2 mode.

(
(
(
(config) #interface xe3
(
(

config-if) #mpls-12-circuit tl service-
template SUTI1

Bind the interface to the VC with service template.

(config-if) #commit

Commit the transaction.

PE-2

fconfigure terminal

Enter configure mode.

config) #service-template SUT1

Create a service template SUT1

config-svc) #match untagged

Allow untagged traffic.

Exit the service template mode

config) #interface xe3

Specify the interface (xe3) to be configured.

config-if) #switchport

Switch to Layer-2 mode.

(
(
(config-svc) #exit
(
(
(

config-if) #mpls-12-circuit tl service-
template SUTI1

Bind the interface to the VC with service template.

(config-if) #commit

Commit the transaction.

Layer 2 Tagged Traffic

Use Trunk mode for Layer-2 tagged traffic. The following configuration allows only VLAN 2 and 3 traffic.

PE-1

fconfigure terminal

Enter configure mode.

(config) #mpls 12-circuit t2 200 2.2.2.2

Configure the VC for PE-2. In this example, {2 is the VC
name, 200 is the VC ID, and 2.2.2.2 is the VC endpoint IP
address.

config-pseudowire) #exit

Exit pseudowire config mode.

config) #service-template ST1

Create a service template ST1

config-svc) #fmatch outer-vlan 2

Allow VLAN 2 traffic on this VC.

(
(
(
(

config-svc) #fmatch outer-vlan 3

Allow VLAN 3 traffic on this VC.
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config-svc) fexit

Exit the service template mode

config) #interface xe2

Specify the interface (xe2) to be configured.

config-if) #switchport

Switch to Layer-2 mode.

(
(
(
(config-if) #mpls-12-circuit t2 service-
template ST1

Bind the interface to the VC with service template.

(config-if) #commit

Commit the transaction.

PE-2

fconfigure terminal

Enter configure mode.

(config) #mpls 12-circuit t2 200 1.1.1.1

Configure the VC for PE-2. In this example, {2 is the VC
name, 200 is the VC ID, and 1.1.1.1 is the VC endpoint IP
address.

config-pseudowire) #exit

Exit pseudowire config mode.

config) #service-template ST1

Create a service template ST1

config-svc) #match outer-vlan 2

Allow VLAN 2 traffic on this VC.

config-svc) #match outer-vlan 3

Allow VLAN 3 traffic on this VC.

config-svc) fexit

Exit the service template mode

Specify the interface (xe2) to be configured.

config-if) #switchport

Switch to Layer-2 mode.

config-if) #mpls-12-circuit t2 service-

(

(

(

(

(

(config) #interface xe2
(

(

template ST1

Bind the interface to the VC with service template.

(config-if) #commit

Commit the transaction.

Validation

Use the show Idp mpls-I2-circuit (Control Plane) command, and the show mpls vc-table (Forwarding Plane) command,

to display complete information about the Layer 2 VC.

If the VC State is UP in the output from the show Idp mpls-I2 circuit command, and the Status is Active in the output of
the show mpls vc-table command, a ping from CE1 to CE2 should be successful.

#show 1ldp mpls-12-circuit

Transport Client vC Trans Local Remote Destination
VvC ID Binding State Type VC Label VC Label Address
100 xe3 UP Ethernet VLAN 26240 26240 2.2.2.2
200 xe?2 UP Ethernet VLAN 26241 26241 2.2.2.2

#show mpls vc-table

(m) - Service mapped over multipath transport

(e) - Service mapped over LDP ECMP

VC-1ID Vlan-ID Inner-Vlan-ID Access-Intf Network-Intf Out Label Tunnel-Label
Nexthop Status

100 N/A N/A xe3 xel 26240 25600
2.2.2.2 Active

200 N/A N/A xe?2 xel 26241 25600
2.2.2.2 Active
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PE2#show ldp mpls-12-circuit

Transport Client VC vC

VvC ID Binding State Type

100 xe3 UP Ethernet
200 xe2 upP Ethernet
PE2#sh mpls vc-table

(m) - Service mapped over multipath transport
(e) - Service mapped over LDP ECMP

Local Remote Destination
VC Label VC Label Address
VLAN 26240 26240 1.1.1.1
VLAN 26241 26241 1.1.1.1

VC-ID Vlan-ID Inner-Vlan-ID Access-Intf Network-Intf Out Label Tunnel-Label Nexthop Status
100 N/A N/A xe3 xel 26240 25601 1.1.1.1 Active 200 N/A N/A xe2 xel 26241 25601 1.1.1.1 Active

PEl#show 1ldp mpls-12-circuit

Transport Client vC vC Local

VvC ID Binding State Type VC Label
100 xe3 UpP Ethernet VLAN 26240
200 xe?2 UP Ethernet VLAN 26241
PEl#show mpls vc-table

(m) - Service mapped over multipath transport

(e) - Service mapped over LDP ECMP

VC-ID Vlan-ID

Remote Destination
VC Label Address
26240 2.2.2.2
26241 2.2.2.2

Inner-Vlan-ID Access-Intf Network-Intf Out Label Tunnel-Label Nexthop Status

100 N/A N/A xe3 xel 26240 25600 2.2.2.2 Active 200 N/A N/A xe2 xel 26241 25600 2.2.2.2 Active

PE2#show ldp mpls-12-circuit

Transport Client VC vC Local

VvC ID Binding State Type VC Label
100 xe3 UP Ethernet VLAN 26240
200 xe2 upP Ethernet VLAN 26241
PE2#show mpls vc-table

(m) - Service mapped over multipath transport

(e) - Service mapped over LDP ECMP
VC-ID Vlan-ID

Remote Destination
VC Label Address
26240 1.1.1.1
26241 1.1.1.1

Inner-Vlan-ID Access-Intf Network-Intf Out Label Tunnel-Label Nexthop Status

100 N/A N/A xe3 xel 26240 25601 1.1.1.1 Active 200 N/A N/A xe2 xel 26241 25601 1.1.1.1 Active

These additional commands can also be used to display information about the Layer 2 virtual circuits.

show 1ldp mpls-12-circuit detail

show 1ldp mpls-12-circuit VC-ID
show

show mpls 1l2-circuit

PE1

ldp mpls-12-circuit VC-ID detail

PEl#show 1ldp mpls-12-circuit detail

PW ID: 100,
Access IF:

VC state is up
xe3,up,AC state is up

Session IF: xel, state is up
Destination: 2.2.2.2, Peer LDP Ident: 2.2.2.2
Local vctype: vlan, remote vctype :vlan
Local groupid: 0, remote groupid: O
Local label: 26240, remote label: 26240
Local MTU: 1500, Remote MTU: 1500
Local Control Word: disabled Remote Control Word: Not-Applicable Current use: disabled
Local Flow
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Label Direction: Disabled, Static: Disabled

Remote Flow Label Direction: Disabled, Static: Disabled
Local PW Status Capability : disabled

Remote PW Status Capability : disabled

Current PW Status TLV : disabled

MPLS VC UpTime : 00:03:19

PWw ID: 200, VC state is up

Access IF: xe2,up,AC state is up

Session IF: xel, state is up

Destination: 2.2.2.2, Peer LDP Ident: 2.2.2.2
Local vctype: vlan, remote vctype :vlan

Local groupid: 0, remote groupid: 0

Local label: 26241, remote label: 26241

Local MTU: 1500, Remote MTU: 1500

Local Control Word: disabled Remote Control Word: Not-Applicable Current use:

Local Flow Label Direction: Disabled, Static: Disabled
Remote Flow Label Direction: Disabled, Static: Disabled
Local PW Status Capability : disabled

Remote PW Status Capability : disabled

Current PW Status TLV : disabled

MPLS VC UpTime : 00:01:16

PEl#show ldp mpls-12-circuit 100

Transport Client VC vC Local Remote Destination
VvC ID Binding State Type VC Label VC Label Address
100 xe3 UP Ethernet VLAN 26240 26240 2.2.2.2

PEl#show ldp mpls-12-circuit 200

Transport Client VC VC Local Remote Destination
VvC ID Binding State Type VC Label VC Label Address
200 xe?2 UP Ethernet VLAN 26241 26241 2.2.2.2

PEl#show ldp mpls-12-circuit

100 detail PW ID: 100, VC state is up

Access IF: xe3,up,AC state is up

Session IF: xel, state is up

Destination: 2.2.2.2, Peer LDP Ident: 2.2.2.2
Local vctype: vlan, remote vctype :vlan

Local groupid: 0, remote groupid: 0

Local label: 26240, remote label: 26240

Local MTU: 1500, Remote MTU: 1500

Local Control Word: disabled Remote Control Word: Not-Applicable Current use:

Local Flow Label Direction: Disabled, Static: Disabled
Remote Flow Label Direction: Disabled, Static: Disabled
Local PW Status Capability : disabled

Remote PW Status Capability : disabled

Current PW Status TLV : disabled

MPLS VC UpTime : 00:04:19

PEl#show 1ldp mpls-12-circuit 200 detail

disabled

disabled
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PW ID: 200, VC state is up

Access IF: xe2,up,AC state is up

Session IF: xel, state is up

Destination: 2.2.2.2, Peer LDP Ident: 2.2.2.2
Local vctype: vlan, remote vctype :vlan

Local groupid: 0, remote groupid: 0

Local label: 26241, remote label: 26241

Local MTU: 1500, Remote MTU: 1500

Local Control Word: disabled Remote Control Word: Not-Applicable Current use: disabled
Local Flow
Label Direction: Disabled, Static: Disabled
Remote Flow Label Direction: Disabled, Static: Disabled
Local PW Status Capability : disabled
Remote PW Status Capability : disabled
Current PW Status TLV : disabled MPLS VC UpTime : 00:02:24
PEl#show mpls 12-circuit
MPLS Layer-2 Virtual Circuit: tl, id: 100 PW-INDEX: 1 service-tpid: dotl.g
Endpoint: 2.2.2.2
Control Word: O
Flow Label Status: Disabled, Direction: None, Static: No
MPLS Layer-2 Virtual Circuit Group: none
Bound to interface: xe3
Virtual Circuit Type: Ethernet VLAN
Virtual Circuit is configured as Primary
Virtual Circuit is configured as Active
Virtual Circuit is active
Service-template : SUT1
Match criteria : Untagged
MPLS Layer-2 Virtual Circuit: t2, id: 200 PW-INDEX: 2 service-tpid: dotl.g
Endpoint: 2.2.2.2
Control Word: O
Flow Label Status: Disabled, Direction: None, Static: No
MPLS Layer-2 Virtual Circuit Group: none
Bound to interface: xe2
Virtual Circuit Type: Ethernet VLAN
Virtual Circuit is configured as Primary
Virtual Circuit is configured as Active
Virtual Circuit is active
Service-template : ST1
Match criteria : 2,3
PE2
PE2#show 1ldp mpls-12-circuit detail
PW ID: 100, VC state is up
Access IF: xe3,up,AC state is up
Session IF: xel, state is up
Destination: 1.1.1.1, Peer LDP Ident: 10.143.73.1
Local vctype: vlan, remote vctype :vlan
Local groupid: 0, remote groupid: O
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Local label: 26240, remote label: 26240
Local MTU: 1500, Remote MTU: 1500

Local Control Word: disabled Remote Control Word: Not-Applicable Current use:

Local Flow Label Direction: Disabled, Static: Disabled
Remote Flow Label Direction: Disabled, Static: Disabled
Local PW Status Capability : disabled

Remote PW Status Capability : disabled

Current PW Status TLV : disabled MPLS VC UpTime : 00:07:08

PW ID: 200, VC state is up

Access IF: xe2,up,AC state is up

Session IF: xel, state is up

Destination: 1.1.1.1, Peer LDP Ident: 10.143.73.1
Local vctype: vlan, remote vctype :vlan

Local groupid: 0, remote groupid: 0

Local label: 26241, remote label: 26241

Local MTU: 1500, Remote MTU: 1500

Local Control Word: disabled Remote Control Word: Not-Applicable Current use:

Local Flow Label Direction: Disabled, Static: Disabled
Remote Flow Label Direction: Disabled, Static: Disabled
Local PW Status Capability : disabled

Remote PW Status Capability : disabled

Current PW Status TLV : disabled

MPLS VC UpTime : 00:05:05

PE2#show ldp mpls-12-circuit 100

Transport Client vC vC Local Remote Destination
VvC ID Binding State Type VC Label VC Label Address
100 xe3 UP Ethernet VLAN 26240 26240 1.1.1.1

PE2#show ldp mpls-12-circuit 200

Transport Client vC vC Local Remote Destination
VC ID Binding State Type VC Label VC Label Address
200 xe?2 9)% Ethernet VLAN 26241 26241 1.1.1.1

PE2#show 1ldp mpls-12-circuit

PWw ID: 200, VC state is up

Access IF: xe2,up,AC state is up

Session IF: xel, state is up

Destination: 1.1.1.1, Peer LDP Ident: 10.143.73.1
Local vctype: vlan, remote vctype :vlan

Local groupid: 0, remote groupid: 0

Local label: 26241, remote label: 26241

Local MTU: 1500, Remote MTU: 1500

Local Control Word: disabled Remote Control Word: Not-Applicable Current use:

Local Flow Label Direction: Disabled, Static: Disabled
Remote Flow Label Direction: Disabled, Static: Disabled
Local PW Status Capability : disabled

Remote PW Status Capability : disabled

Current PW Status TLV : disabled

MPLS VC UpTime : 00:06:00

disabled

disabled

disabled
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PE2#show mpls 12-circuit

MPLS Layer-2 Virtual Circuit: tl, id: 100 PW-INDEX: 1 service-tpid: dotl.g
Endpoint: 1.1.1.1

Control Word: O

Flow Label Status: Disabled, Direction: None, Static: No

MPLS Layer-2 Virtual Circuit Group: none

Bound to interface: xe3

Virtual Circuit Type: Ethernet VLAN

Virtual Circuit is configured as Primary

Virtual Circuit is configured as Active

Virtual Circuit is active

Service-template SUT1

Match criteria Untagged
MPLS Layer-2 Virtual Circuit: t2, id: 200 PW-INDEX: 2 service-tpid: dotl.qg

Endpoint: 1.1.1.1
Control Word: O

Flow Label Status: Disabled, Direction: None, Static: No

MPLS Layer-2 Virtual Circuit Group: none
Bound to interface: xe2

Virtual Circuit Type: Ethernet VLAN
Virtual Circuit is configured as Primary
Virtual Circuit is configured as Active
Virtual Circuit is active
Service-template : ST1
Match criteria : 2,3

Configure a Static Layer-2 VC
For a static MPLS Layer 2 VC configuration:
1. Configure the VC with the manual option

2. Configure the VC FIB entry

3. Bind the VC; all steps are in the configurations that follow.

PE-1

fconfigure terminal

Enter configure mode.

PEl (config) #mpls 12-circuit t3 300 2.2.2.2

Configure the VC ID for PE1

PEl (config-pseuodwire) #manual-pseudowire

Configure pseudowire manual (no signaling)

PEl (config-pseudowire) #exit

Exit pseudowire config mode.

PEl (config) #service-template ST3

Create a service template ST3

PE1l (config-svc) #exit

Exit the service template mode

(
(
(
(
(
(

PEl (config) #interface xe2

Add an FTN entry; where 1000 is the incoming label, 2000 is
the outgoing label, 2.2.2.2 is the endpoint, xe1 is the incoming
interface name, and xe2 is outgoing interface name.
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PE1 (config) #switchport

config interface as switch port.

PEl (config-if) #mpls-12-circuit t3 service-
template ST3

Bind the interface to the VC with service template.

PE1l (config-if) fexit

Exit interface mode

PEl (config) #mpls 12-circuit-fib-entry 300
1000 2000 2.2.2.2 xel xe2

Configure the VC ID with the manual option (no signaling
used).

PE1 (config) #commit

Commit the transaction.

PE-2

#configure terminal

Enter configure mode.

PE2 (config) #mpls 12-circuit t3 300 1.1.1.1

Configure the VC ID for PE2

PE2 (config-pseuodwire) #manual-pseudowire

Configure pseudowire manual (no signaling)

Exit pseudowire config mode.

(
(
PE2 (config-pseudowire) #exit
PE2 (config) #service-template ST3

Create a service template ST3

(config-svc) #exit

Exit the service template mode

PE2 (config) #interface xe2

Add an FTN entry; where 2000 is the incoming label, 1000 is
the outgoing label, 1.1.1.1 is the endpoint, xe1 is the incoming
interface name, and xe 2 is outgoing interface name.

PE1l (config) #switchport

config interface as switch port.

PE2 (config-if) #mpls-12-circuit t3 service-
template ST3

Bind the interface to the VC with service template.

PE2 (config-if) #exit

Exit interface mode.

PE2 (config) #mpls 12-circuit-fib-entry 300
2000 1000 1.1.1.1 xel xe2

Configure the VC ID with the manual option (no signaling
used).

PE2 (config) #end

Exit configure mode.

PE2 (config) #commit

Commit the transaction.

Validation

This example shows number of configured VCs and its status.

#show mpls vc-table count
Num PWs 3
Active PWs : 3
OAM-only PWs 0
Inactive PWs 0
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Service Template Configuration

PE-1

#configure terminal

Enter configure mode.

(config) #mpls 12-circuit vcl 10 2.2.2.2

Configure the VC

(config-pseudowire)# service-tpid dotl.ad

Configure Service-TPID as dot1.ad (0x88a8)

(config-pseudowire) #exit

Exit pseudowire config mode.

(config) # service-template templatel

Configure the service template.

(config-svc) # match double-tag outer-vlan 204
inner-vlan 203

Matching criteria for service template.

(config-svc) #rewrite ingress pop outgoing-
tpid dotl.ad

Action performed for service template.

config-svc) fexit

Exit configure SVC mode

config) #interface xe2

Specify the interface (xe2) to be configured.

config-if) #switchport

Switch to Layer-2 mode.

Configure interface ethertype as dot1.ad (0x88a8)

config-if) #mpls-12-circuit vcl service-

(
(
(
(config-if) #dotlad ethertype 0x88a8
(
template templatel

Bind the interface to the VC with service template.

(config-if) #commit

Commit the transaction.

(config-if) #end

End of Interface and configurations mode.

PE-2

#configure terminal

Enter configure mode.

(config) #mpls 12-circuit vecl 10 1.1.1.1

Configure the VC.

(config-pseudowire) #service-tpid dotl.ad

Configure Service-TPID as dot1.ad (0x88a8)

(config-pseudowire) #exit

Exit pseudowire config mode.

(config) # service-template templatel

Configure the service template.

(config-svc) # match double-tag outer-vlan 204
inner-vlan 203

Matching criteria for service template.

(config-svc) # rewrite ingress pop outgoing-
tpid dotl.ad

Action performed for service template.

config-svc) ffexit

Exit configure SVC mode

config)#interface xe2

Specify the interface (xe2) to be configured.

config-if) #switchport

Switch to Layer-2 mode.

Configure interface ethertype as dot1.ad (0x88a8)

config-if) #mpls-12-circuit vcl service-

(
(
(
(config-if) #dotlad ethertype 0x88a8
(
template templatel

Bind the interface to the VC with service template.

(config-if) #commit

Commit the transaction.

(config-if) #end

End of interface and configurations mode.
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Validation

PE1

PEl#show ldp mpls-12-circuit detail

PwWw ID: 10, VC state is up

Access IF: xe2,up,AC state is up

Session IF: xel, state is up

Destination: 2.2.2.2, Peer LDP Ident: 2.2.2.2
Local vctype: vlan, remote vctype :vlan

Local groupid: 0, remote groupid: 0

Local label: 24322, remote label: 52482

Local MTU: 1500, Remote MTU: 1500

Local Control Word: disabled Remote Control Word: Not-Applicable Current
use: disabled

Local PW Status Capability : disabled

Remote PW Status Capability : disabled
Current PW Status TLV : disabled

PEl#show mpls 12-circuit detail
MPLS Layer-2 Virtual Circuit: vcl, id: 10 PW-INDEX: 1 service-tpid: dotl.ad
Endpoint: 2.2.2.2
Control Word: O
MPLS Layer-2 Virtual Circuit Group: none
Bound to interface: xe2
Virtual Circuit Type: Ethernet VLAN
Virtual Circuit is configured as Primary
Virtual Circuit is configured as Active
Virtual Circuit is active
Service-template : templatel
Match criteria : 204/203
Action type : Pop
Outgoing tpid : dotl.ad

PEl#show mpls vc-table

VC-ID Vlan-ID Inner-Vlan-ID Access-Intf Network-Intf Out Label
Tunnel-Label Nexthop Status

10 N/A N/A xe?2 xel 52482
52480 2.2.2.2 Active

Service Template with Multiple Match

This is to validate the multiple match criteria support in a service template. When multiple match statements are
configured only rewrite push is supported, rewrite translate and pop are not supported.
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PE-1

fconfigure terminal

Enter configure mode.

(config) #mpls 12-circuit t4 400 2.2.2.2

Configure the VC for PE-1. In this example, t4 is the VC
name, 400 is the VC ID, and 2.2.2.2 is the VC endpoint IP
address.

config-pseudowire) #exit

Exit pseudowire config mode.

config) #service-template templated

Template configuration

Allow VLAN 700 traffic on this VC

config-svc)# match double-tag outer-vlan

(
(
(config-svc)# match outer-vlan 700
(
1200 inner-vlan 3200

Allow double tag match with s+c tags

config-svc)# match untagged

Allow untagged traffic

config-svc)# rewrite ingress push 300

Push Action performed for service template

config) #interface xe2

Specify the interface (xe2) to be configured.

Switch to Layer-2 mode.

config-if) #mpls-12-circuit t4 service-

(
(
(
(config-if) #switchport
(
template templated

Bind the interface to the VC with service template.

(config—-if) #commit

Commit the transaction.

PE-2

#configure terminal

Enter configure mode.

(config) #mpls 12-circuit t4 400 1.1.1.1

Configure the VC for PE-2. In this example, t4 is the VC
name, 400 is the VC ID, and 1.1.1.1 is the VC endpoint IP
address.

config-pseudowire) #exit

Exit pseudowire config mode.

confiqg) ffservice-template template4

Template configuration

Allow VLAN 700 traffic on this VC

config-svc) # match double-tag outer-vlan

(
(
(config-svc)# match outer-vlan 700
(
1200 inner-vlan 3200

Allow double tag match with s+c tags

config-svc) # match untagged

Allow untagged traffic

config-svc) # rewrite ingress push 300

Push Action performed for service template

config) #interface xe2

Specify the interface (xe2) to be configured.

Switch to Layer-2 mode.

config-if) #mpls-12-circuit t4 service-

(
(
(
(config-if) #switchport
(
template templated

Bind the interface to the VC with service template.

(config-if) #commit

Commit the transaction.

Validation

PEl#show ldp mpls-12-circuit detail

PW ID: 400, VC state is up

Access IF: xe2,up,AC state is up

Session IF: xel, state is up

Destination: 2.2.2.2, Peer LDP Ident: 2.2.2.2
Local vctype: vlan, remote vctype :vlan

Local groupid: 0, remote groupid: O

Local label: 24324, remote label: 52485

Local MTU: 1500, Remote MTU: 1500
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Local Control Word: disabled Remote Control Word: Not-Applicable Current use: disabled
Local PW Status Capability : disabled

Remote PW Status Capability : disabled

Current PW Status TLV : disabled

PEl#show mpls 12-circuit detail
MPLS Layer-2 Virtual Circuit: t4, id: 400 PW-INDEX: 4 service-tpid: dotl.g

Endpoint: 2.2.2.2
Control Word: 0
MPLS Layer-2 Virtual Circuit Group: none
Bound to interface: xe2
Virtual Circuit Type: Ethernet VLAN
Virtual Circuit is configured as Primary
Virtual Circuit is configured as Active
Virtual Circuit is active
Service-template : templated

Match criteria : 700

1200/3200
untagged
Action type : Push
Action value : 300

PEl#show mpls vc-table
VC-ID Vlan-ID Inner-Vlan-ID Access-Intf Network-Intf Out Label Tunnel-Label Nexthop Status Ecmp-Group
400 N/A N/A xe2 xel 24322 24320 2.2.2.2 Active N/A

PE2#show mpls vc-table
VC-ID Vlan-ID Inner-Vlan-ID Access-Intf Network-Intf Out Label Tunnel-Label Nexthop Status Ecmp-Group
400 N/A N/A xe2 xel 24321 24325 1.1.1.1 Active N/A

VPWS-CFM

The below examples contains of Ethernet Operations and Management (OAM) configurations using the Connectivity
Fault Management (CFM) protocol.

Connectivity Fault Management detects, verifies, isolates and notifies connectivity failures on a Virtual Bridged LAN (B-
VLAN) based on the protocol standard specified in IEEE 802.1ag 2007. It provides discovery and verification of paths
through 802.1 bridges and LANs and is part of the Operation, Administration and Management (OAM) module. CFM is
transparent to customer data being transported by a network and is capable of providing maximum fault management.

Prerequisite
Configure basic VPWS configuration as in above section.
1. Configure the IP address and OSPF for the PE-1, P (Provider), and PE-2 routers.

2. Configure MPLS and LDP on PE-1, P, and PE-2, and LDP targeted peer for the PE-1 and PE-2 routers. (If RSVP is
used for configuring trunks, LDP must be configured on PE-1 and PE-2, and RSVP must be configured on PE-1, P,
and PE-2.)

PE1
PEl#configure terminal Enter configure mode.
PEl (config) #ethernet cfm domain-type Create cfm domain with type as character string and set mip

character-string domain-name MD-05 level 0 creation criteria to default.
mip-creation none
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PEl (config-ether-cfm) #service ma-type string
ma-name CFM-2

Create ma type as string and configure the ma

PEl (config-ether-cfm-ma)# vpws vcl

Configure vpws to associate to the MA

PE1l (config-ether-cfm-ma)# ethernet cfm mep
up mpid 115 active true vpws vcl

Create mep up on vpws.

PEl (config-ether-cfm-ma-mep) #cc multicast
state enable

Enable cc multicast.

PEl (config-ether-cfm-ma-mep) #exit-ether-ma-
mep-mode

Exit CFM MEP configuration mode.

PEl (config-ether-cfm-ma) #mep crosscheck mpid
1115

Configure crosscheck to remote MEP.

PEl (config-ether-cfm-ma) #cc interval 10ms

Enable cc interval for 10 millisecond.

PE1l (config-ether-cfm-ma) #exit-ether-ma-mode

Exit CFM MA configuration mode.

Exit ethernet CFM mode.

PE1l (config) #commit

Commit the configuration

(
(
PEl (config-ether-cfm) #exit
(
(

PE1l (config) #fexit

Exit the configure terminal mode

PE2

PE2#configure terminal

Enter configure mode.

PE2 (config) #ethernet cfm domain-type
character-string domain-name MD-05 level 0
mip-creation none

Create cfm domain with type as character string and set mip
creation criteria to default.

PE2 (config-ether-cfm) #service ma-type string
ma-name CFM-2

Create ma type as string and set mip creation criteria to
default.

PE2 (config-ether-cfm-ma) #vpws vcl

Configure vpws to associate to the MA

PE2 (config-ether-cfm-ma) #ethernet cfm mep
down mpid 1115 active true vpws vcl

Create mep up on vpws.

PE2 (config-ether-cfm-ma-mep) #cc multicast
state enable

Enable cc multicast.

PE2 (config-ether-cfm-ma-mep) #texit-ether-ma-
mep-mode

Exit CFM MEP configuration mode

PE2 (config-ether-cfm-ma) #mep crosscheck mpid
115

Configure crosscheck to remote MEP in VLAN 512.

PE2 (config-ether-cfm-ma) #cc interval 10ms

Enable cc interval for 10 millisecond.

PE2 (config-ether-cfm-ma) #exit-ether-ma-mode

Exit CFM MA configuration mode.

PE2 (config-ether-cfm) fexit

Exit ethernet CFM mode.

PE2 (config) #commit

Commit the configuration

(
(
(
(

PE2 (config) #fexit

Exit the configure terminal mode

Validation

PE1

PEl#show ethernet cfm statistics
Continuity Check Messages
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CCM Sent : 4378
CCM Received : 0

Loop Back Messages
LBM Sent
LBR Received (Valid)
LBR Received (Bad msdu) :
LBR Received (Out-of-Seq):

o O U U

Link Trace Messages
LTM Sent
LTR Sent
LTR Received (Valid)
LTR Received (unexpected) :

O N O DN

PEl#show ethernet cfm maintenance-points local mep domain MD-05 ma-name CFM-2
MPID Dir Lvl CC-Stat HW-Status CC-Intvl MAC-Address Def Port MD Name

115 Up O Enable 1Installed 100 ms b86a.9%7db.2eca F xe4d MD-05

PEl#show ethernet cfm maintenance-points remote domain MD-05 ma-name CFM-2
MEPID RMEPID LEVEL Rx CCM RDI PEER-MAC TYPE

115 1115 0 Yes False £88e.al92.4436 Configured

PEl#show ethernet cfm ma status domain MD-05 ma-name CFM-2
MA NAME STATUS

PEl#show ethernet cfm maintenance-points remote domain MD-05 ma-name CFM-2
MEPID RMEPID LEVEL Rx CCM RDI PEER-MAC TYPE

115 1115 0 Yes False f88e.al192.4436 Configured

PEl#ping ethernet mac £88e.a192.4436 unicast source 115 domain MD-05 ma CFM-2
success rate is 100 (5/5)

PEl#traceroute ethernet f88e.a192.4436 mepid 115 domain MD-05 ma CFM-2

MP Mac Hops Relay-action Ingress/Egress Ingress/Egress action
£f88e.al92.4436 1 R1yHit Ingress IngOK
PE2

PE2#show ethernet cfm statistics
Continuity Check Messages
CCM Sent : 8841
CCM Received : 0

Loop Back Messages
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LBM Sent

LBR Received(Valid)
LBR Received (Bad msdu)
LBR Received (Out-of-Seq):

Link Trace Messages
LTM Sent
LTR Sent

LTR Received(Valid)
LTR Received (unexpected) :

PE2#show
MPID Dir

Installed 100 ms £88e.al192.4436 F xel9

MEPID

ethernet cfm maintenance-points

o O U1 U

O R N

local mep domain MD-05 ma-name CFM-2

Lvl CC-Stat HW-Status CC-Intvl MAC-Address Def Port MD Name

0 Enable

ethernet
RMEPID

cfm

maintenance-points remote domain MD-05 ma-

LEVEL Rx CCM RDT PEER-MAC

MD-05

name CFM-2
TYPE

PE2#show
MA NAME

0 Yes False Db86a.97db.2eca

ma status domain MD-05 ma-name CFM-2
STATUS

CFM-2
PE2#show
MEPID

ethernet
RMEPID

Active

maintenance-points remote domain MD-05 ma-

LEVEL Rx CCM RDI PEER-MAC

Configured

name CFM-2
TYPE

PE2#ping
success

ethernet
rate is

mac
100

b86a.97db.2eca unicast source 1115 domain MD-05 ma CFM-2

(5/5)

PE2#traceroute ethernet b86a.97db.2eca mepid 1115 domain MD-05 ma CFM-2
Hops

MP Mac

b86a.97db.2eca

Relay-action Ingress/Egress Ingress/Egress action

R1lyHit Ingress IngOK
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cHarTER 11 LDP Configuration

This chapter contains LDP (Label Distribution Protocol) configuration examples.

Label Distribution Protocol Overview

The Label Distribution Protocol (LDP) is a routing protocol used in MPLS technology. The LDP daemon (1dpd) uses
NSM services to obtain routing information. Routers send Hello packets to establish Hello Adjacencies with other
nearby routers. This opens the way for sessions between routers to be established during which routers exchange
labels in preparation for forwarding packets.

LDP generates labels for and exchanges labels between peer routers. It works in with other routing protocols (RIP,
OSPF and BGP) to create label-switched paths (LSP) used when forwarding packets. A label-switched path is the path
taken by all packets that belong to the Forwarding Equivalence Class (FEC) corresponding to that LSP. This is
analogous to establishing a virtual circuit in ATM (Asynchronous Transfer Mechanism). In this way, OcNOS LDP
assigns labels to every destination address and destination prefix provided by OcNOS. The LDP interface to the MPLS
forwarder adds labels to, and deletes labels from, the forwarding tables.

LDP Adjacencies

LDP defines a mechanism for discovering adjacent, LDP capable Label Switching Routers (LSR) that participate in
label switching (adjacencies). Whenever a new router comes up it sends out a hello packet to a specified, multicast
address announcing itself to the network. Every router directly connected to the network receives the packet. Receipt
of a hello packet from another LSR creates a Hello Adjacency with that LSR. To create a Hello Adjacency with an LSR
that cannot send/receive multicast packets, LDP allows a router to be manually configured to send unicast Hello
packets to non-multicast LSRs . This non-multicast LSR is a targeted peer. Adjacencies are maintained by sending out
periodic Hello packets to the multicast group and to all targeted peers. Hello packets are sent using UDP.

LDP Session

LDP capable LSRs establish a session before exchanging label information. All the session messages are sent using
TCP to ensure reliable delivery. After the LSRs establish a session and negotiate options, a given pair of routers may
exchange label information. The labels exchanged over a session are valid only during the lifetime of the session and
routers release them when session is closed.

Forwarding Equivalence Class

A Forwarding Equivalence Class (FEC) section defines a set of packets that are forwarded on the same path by the
MPLS network. Two common methods to define FEC are by advertising the IPv4 routes using:

« Host Address The LSR uses the address of the destination host to create this FEC. This means that all the
packets going to this destination will take the same LSP.

» Prefix The LSR uses destination prefix to create this FEC. This means that all the packets take the LSP
corresponding to the longest matching prefix.

Label Generation

An LDP Label is a 20-bit number the LSR uses to forward a packet to its destination. When an LSR creates a new FEC,
the router generates new labels and distributes them to its peers. A router keeps both incoming and outgoing labels in
its database.
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Label Distribution Modes
The OcNOS LDP implementation supports two label distribution modes:

+ Downstream Unsolicited In this mode, next hop LSRs distribute labels to peers without waiting for a label
request.

+ Downstream on Demand In this mode, a LSR distributes a label to a peer only if there is a pending label request
from the peer.

Label Retention Mode

The OcNOS LDP implementation supports two label retention modes:

» Liberal Retention Mode In this mode, the LSR retains all labels received from all sources. This mode helps in fast
LSP setup in case of a change in next hop.

+ Conservative Retention Mode In this mode, the LSR retains only those labels received from peers that are the
next hop for a given FEC. This mode is used by LSRs that have a constraint on the number of labels that it can
retain at any given time.

LSP Control

LSPs can be set up in the following two ways:

* Ordered Control In this mode, an LSR distributes a label for a FEC to its peer only if it has a corresponding label
from its next hop or it is the egress node.

+ Independent Control In this mode, an LSR may distribute a label to its peers without waiting for a corresponding
label from its next hop.

Loop Detection

Loop detection can be enabled to detect routing loops in LSPs. There are two methods supported for the loop detection
mechanism:

* Hop Count During setup of an LSP, the LSP passes hop count with the LSP setup messages. This hop count is
incriminated by each node router participating in LSP establishment. If the hop count exceeds the maximum
configured value, the LSP setup process is stopped and a notification message is passed back to the message
originator.

« Path Vector A path vector contains a list of LSR identifiers. This is passed as a part of LSP setup messages. Each
LSR participating in the LSP establishment adds its own LSR identifier to the path vector. If an LSR finds its own
identifier in the path vector, it drops the message and sends a message back to the originator.

The use of these messages ensures that a loop is detected while establishing a label switched path and before any
data is passed over that LSP.

Configure LDP

The enable-1dp ipv4 command is used to enable LDP for IPv4 on a specified interface, as follows:
* enable-1dp ipv4 enables only IPv4 on the interface

For the examples covered in this section, the command enable-1dp ipv4 is used.
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Enable Label Switching

Running LDP on a system requires the following tasks:
1. Enabling label-switching on the interface on NSM.
2. Enabling LDP on an interface in the LDP daemon.

3. Running an IGP (Internal Gateway Protocol), for example, OSPF, to distribute reachability information within the
MPLS cloud.

4. Configuring the transport address.

.......
-----

.'. 192.168.0.1/32 192.168.0.2/32 192.168.0.3/32 ’
J T xel e Xe2 s .
. - 10.10.10.1/24 5 10.10.11.1/24 . :
. xe1 xe2 N
‘. 10.10.10.0/24 10.10.11.1/24 J
Figure 11-21: Basic LDP Topology
R1 - NSM
#fconfigure terminal Enter configure mode.
(config)#interface xel Specify the interface (xel) to be configured.
(config-if) #ip address 10.10.10.1/24 Assign IP address to interface.
(config-if) #label-switching Enable label switching on interface xel.
(config-if) #exit Exit interface mode.
(config) #interface lo Specify the loopback (10) interface to be configured.
(config-if) #ip address 192.168.0.1/32 Set the IP address of the loopback interface to
secondary 192.168.0.1/32.
(config-if) #commit Commit the transaction.
R1-LDP
(config) #router 1ldp Enter Router mode for LDP.
(config-router) #router-id 192.168.0.1 Set the router ID to IP address 192 .168.0.1.
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(config-router) #transport-address ipv4
192.168.0.1

Configure the transport address to be used for a TCP
session over which LDP will run on an IPv4 interface. Note:
It is preferable to use the loopback address as transport
address. In addition, use the parameter “ipv6” if you are
configuring an IPv6 interface.

(config-router) #targeted-peer ipv4
192.168.0.3

Configure targeted peer.

(config-router-targeted-peer) #exit

Exit-targeted-peer-mode.

(config-router) #exit

Exit the Router mode and return to the Configure
mode.

(config) #interface xel

Enter interface mode.

(config-if) #enable-1dp ipv4

Enable LDP on xel.

(config-if) #commit

Commit the transaction.

R1 - OSPF

(config) #router ospf 100

Configure the routing process and specify the Process ID
(100). The Process ID should be a unique positive integer
identifying the routing process.

(config-router) #fnetwork 10.10.10.0/24 area 0
(config-router) #network 192.168.0.1/32 area 0

Define the interface on which OSPF runs and associate the
area ID (0) with the interface.

(config-router) #commit

Commit the transaction.

R2 - NSM

#configure terminal

Enter configure mode.

(config) #interface lo

Specify the loopback (10) interface to be configured.

(config-if) #ip address 192.168.0.2/32
secondary

Set the IP address of the loopback interface to
192.168.0.2/32.

config-if) #fexit

Exit interface mode.

config) #interface xel

Specify the interface (xel) to be configured.

config-if) #ip address 10.10.10.2/24

Assign IP address to interface

config-if) #label-switching

Enable label switching on interface xel.

Exit interface mode.

config) #interface xe2

Specify the interface (xe?2) to be configured.

config-if) #ip address 10.10.11.1/24

Assign IP address to interface.

config-if) #label-switching

Enable label switching on interface xe2 .

(
(
(
(
(config-if) #exit
(
(
(
(

config-if) #commit

Commit the transaction.

R2 - LDP

(config) #router 1ldp

Enter Router mode.

(config-router) #router-id 192.168.0.2

Set the router ID to IP address 192.168.0.2.
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(config-router) #transport-address ipv4
192.168.0.2

Configure the transport address to be used for a TCP
session over which LDP will run on an IPv4 interface. Note:
It is preferable to use the loopback address as transport
address. In addition, use the parameter “ipv6” if you are
configuring an IPv6 interface.

(config-router) #exit

Exit Router mode and return to Configure mode.

(config)#interface xel

Specify the interface (xel) to be configured.

(config-if) #enable-1dp ipv4

Enable LDP on a specified interface (xel) .

(config-if) #exit

Exit interface mode.

(config) #interface xe2

Specify the interface (xe?2) to be configured.

(config-if) #enable-1dp ipv4

Enable LDP on a specified interface (xe .

(config-if) #commit

Commit the transaction.

R2 - OSPF

(config) #router ospf 100

Configure the routing process and specify the Process ID
(100). The Process ID should be a unique positive integer
identifying the routing process.

config-router) #network 10.10.10.0/24 area 0
config-router) #network 10.10.11.0/24 area 0
config-router) #network 192.168.0.2/32 area O

Define the interfaces on which OSPF runs and associate
the area ID (0) with them.

(
(
(
(

config-router) #commit

Commit the transaction.

R3 - NSM

#configure terminal

Enter configure mode.

(config) #interface 1lo

Specify the loopback (10) interface to be configured.

(config-if) #ip address 192.168.0.3/32
secondary

Set the IP address of the loopback interface to
192.168.0.3/32.

config-if) #fexit

Exit interface mode.

config) #interface xe2

Specify the interface (xe2) to be configured.

Set the IP address of the interface to 10.10.11.1/24.

config-if) #label-switching

Enable label switching on interface xe2 .

(
(
(config-if)#ip address 10.10.11.1/24
(
(

config-if) #fcommit

Commit the transaction.

R3 -LDP

(config) #router 1ldp

Enter Router mode.

(config-router) #router-id 192.168.0.3

Set the router ID for IP address 192.168.0.3.

(config-router) #transport-address ipv4
192.168.0.3

Configure the transport address to be used for a TCP
session over which LDP will run on an IPv4 interface. Note:
It is preferable to use the loopback address as transport
address. In addition, use the parameter “ipv6” if you are
configuring an IPv6 interface.
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(config-router) #targeted-peer ipvé
192.168.0.1

Configure targeted peer.

(config-router-targeted-peer) #exit

Exit-targeted-peer-mode.

(config-router) #exit

Exit the Router mode and return to the Configure
mode.

(config)#interface xe2

Enter interface mode.

(config-if) #enable-1dp ipv4

Enable LDP on xe?2.

(config-if) #commit

Commit the transaction.

R3 - OSPF

(config) #router ospf 100

Configure the routing process and specify the Process ID
(100). The Process ID should be a unique positive integer
identifying the routing process.

(config-router) #fnetwork 10.10.11.0/24 area 0
(config-router) #network 192.168.0.3/32 area 0

Define the interfaces on which OSPF runs and associate
the area ID (0) with them.

(config-router) #commit

Commit the transaction.

Validation

PE1

PEl#show 1ldp session

Peer IP Address IF Name My Role State KeepAlive UpTime
192.168.0.2 xel Passive OPERATIONAL 30 00:18:59
192.168.0.3 xel Passive OPERATIONAL 30 00:02:07

PEl#show 1ldp targeted-peer count
Num Targeted Peers: 1 [UP: 1]

PEl#show 1ldp session count

Multicast Peers : 2 [UP: 1]
Targeted Peers : 1 [UP: 0]
Total Sessions : 2 [UP: 1]

PEl#show 1ldp routes

Prefix Addr Nexthop Addr Intf Owner
10.10.10.0/24 0.0.0.0 xel
10.10.11.0/24 10.10.10.2 xel
192.168.0.1/32 0.0.0.0 lo
192.168.0.2/32 10.10.10.2 xel
192.168.0.3/32 10.10.10.2 xel

PEl#show 1ldp fec-ipv4 count

Num. IPv4 FEC(s): 5

P

P#show 1ldp session
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Peer IP Address IF Name My Role State KeepAlive UpTime
192.168.0.1 xel Active OPERATIONAL 30 00:23:52
192.168.0.3 xe?2 Passive OPERATIONAL 30 00:23:49

P#show 1ldp session count

Multicast Peers : 3 [UP: 2]
Targeted Peers : 0 [UP:
Total Sessions : 2 [UP: 2]

P#show 1ldp routes
Prefix Addr Nexthop Addr Intf Owner

10.10.10.0/24 0.0.0.0 xel connected
10.10.11.0/24 0.0.0.0 xe2 connected
192.168.0.1/32 10.10.10.1 xel ospf

192.168.0.2/32 0.0.0.0 lo connected

192.168.0.3/32 10.10.11.2 xe2 ospf

PE2

PE2#show 1ldp session

Peer IP Address IF Name My Role State KeepAlive UpTime
192.168.0.2 xe2 Active OPERATIONAL 30 00:27:47
192.168.0.1 xe?2 Active OPERATIONAL 30 00:10:58

PE2#show 1ldp session count
Multicast Peers : 2 [UP: 1] Targeted Peers 1 [UP: 1]
Total Sessions : 2 [UP: 2]

OcNOS#show 1ldp targeted-peer count
Num Targeted Peers: 1 [UP: 1]

OcNOS#show ldp routes

Prefix Addr Nexthop Addr Intf Owner
10.10.10.0/24 10.10.11.1 xe2 ospf
10.10.11.0/24 0.0.0.0 xe?2 connected
192.168.0.1/32 10.10.11.1 xel7 ospf
192.168.0.2/32 10.10.11.1 xe?2 ospf
192.168.0.3/32 0.0.0.0 lo connected

PE2#show 1ldp fec
fec fec-ipv4

PE2#show 1ldp fec-ipv4 count

Num. IPv4 FEC(s): 5

LDP MD5 Authentication

LDP MD5 configuration enables LDP MD5 password authentication on a per-peer basis.
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Direct LDP Session

In this example, MD5 authentication is configured for a direct LDP session.
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Figure 11-22: Topology for Direct Session MD5

R1

#configure terminal

Enter configure mode.

Enter Router mode.

(config) #router 1ldp
(config) #router-id 1.1.1.1

Configure the router id.

(config-router) #transport-address ipv4
1.1.1.1

Configure the transport address to be used for a TCP
session over which LDP will run on an IPv4 interface.

(config-router) #neighbor 10.10.10.2 auth md5
password 0 pwdl

Configure the MD5 authentication and password, pwd1l, for
the neighbor, 10.10.10. 2.

(config-router) ffexit

Exit the Router mode and return to the Configure
mode.

(config) #interface lo

Specify the loopback (lo) interface to be configured.

(config-if) #ip address 1.1.1.1/32 secondary

Set the IP address of the loopback interfaceto 1.1.1.1/
32.

config) #interface xel

Specify the interface (xel) to be configured.

config-if)#ip address 10.10.10.1/24

Set the IP address of the interface to 10.10.10.1/24..

Enable label switching on interface xel.

config-if) #enable-1dp ipv4

Enable LDP on interface xe1l.

(

( )
(config-if)#label-switching
( )

( )

config-if) #commit

Commit the transaction.

R2

#configure terminal

Enter configure mode.

config) #router 1ldp

Enter Router mode.

config) #router-id 2.2.2.2

Configure the router id.

(
(
(config-router) #transport-address ipv4
2.2.2.2

Configure the transport address to be used for a TCP
session over which LDP will run on an IPv4 interface.
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(config-router) #neighbor 10.10.10.1 auth md5
password 0 pwdl

Configure the MD5 authentication and password, pwd1, for
the neighbor, 10.10.10.1.

(config-router) #exit

Exit the Router mode and return to the Configure
mode.

(config)#interface lo

Specify the loopback (lo) interface to be configured.

(config-if) #ip address 2.2.2.2/32 secondary

Set the IP address of the loopback interface to 2.2.2.2/
32.

config) #interface xel

Specify the interface (xel) to be configured.

config-if) #ip address 10.10.10.2/24

Set the IP address of the interface to 10.10.10.2/24.

Enable label switching on interface xel.

config-if) #enable-1dp ipv4

Enable LDP on interface xel.

(
(
(config-if) #label-switching
(
(

config-if) #fcommit

Commit the transaction.

Validation

PE1

PEl#show 1ldp session

Peer IP Address IF Name My Role
2.2.2.2 xel Passive

PEl#show ldp session count

Multicast Peers H [UP: 1]
Targeted Peers 1 [UP: 1]
Total Sessions 1 [UP: 1]
PE2

PE2#show 1ldp session
Peer IP Address IF Name My Role
1.1.1.1 xel Active

PE2#sh 1ldp session count

Multicast Peers 1 [UP: 1]
Targeted Peers 1 [UP: 1]
Total Sessions | [UP: 1]

State KeepAlive UpTime
OPERATIONAL 30 00:14:53
State KeepAlive UpTime
OPERATIONAL 30 00:15:05

Configure LDP MD5 for Targeted LDP Session

In this example, MD5 authentication is configured for the targeted LDP session established between R1 and R3.
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Figure 11-23: Topology for Targeted Session MD5

PE1

#configure terminal

Enter configure mode.

(config) #router 1ldp

Enter Router mode.

(config-router) #neighbor 10.10.10.2 auth md5
password 0 pwdl

Configure the MD5 authentication and password, pwd1l, for

the neighbor, 10.10.10. 2.

(config-router) #targeted-peer ipv4 3.3.3.3

Configure the targeted peer IP address (R3 loopback
address).

(config-router-targeted-peer) fexit

Exit targeted peer mode.

(config-router) #neighbor 3.3.3.3 auth md5
password 0 pwd2

Configure the MD5 authentication and password, pwd?2, for

the targeted peer, 3.3.3.3.

(config-router) ffexit

Exit the Router mode and return to the Configure
mode.

config) #finterface 1lo

Specify the loopback interface (10) to be configured.

config-if)#ip address 1.1.1.1/32 secondary

Set the IP address of the loopback interface to 1.1.1.1/ 32.

config-if) #fcommit

Commit the transaction.

Specify the interface (xe1) to be configured.

config-if)#ip address 10.10.10.1/24

Set the IP address of the interface to 10.10.10.1/24.

config-if) #label-switching

Enable label switching on interface xel.

(
(
(
(config) #interface xel
(
(
(

config-if) #enable-1dp ipv4

Enable LDP on interface xel.

P

#configure terminal

Enter configure mode.

config) #frouter 1ldp

Enter Router mode to enable LDP.

Configure the router ID.

(
(config) #router-id 2.2.2.2
(

config-router) #transport-address ipvi4
2.2.2.2

Configure the transport address to be used for a TCP
session over which LDP will run on an IPv4 interface.

(config-router) #exit

Exit the Router mode and return to the Configure
mode.

(config) #interface 1lo

Specify the loopback (lo) interface to be configured.
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config-if)#ip address 2.2.2.2/32 secondary

Set the IP address of the loopback interface to 2.2.2.2/32

config-if) #fexit

Exit interface mode.

config) #interface xel

Specify the interface (xel) to be configured.

config-if) #label-switching

Enable label switching on interface xel.

config-if) #enable-1dp ipvé

Enable LDP on interface xel.

config-if) #exit

Exit interface mode.

config) #interface xe2

Specify the interface (xe?2) to be configured.

config-if) #label-switching

Enable label switching on interface xe2.

config-if) #enable-1dp ipv4

Enable LDP on interface xe?2.

(
(
(
(
(
(
(
(
(
(

config-if) #commit

Commit the transaction.

PE2

#configure terminal

Enter configure mode.

config) #router 1ldp

Enter Router mode.

Configure the router-id

(
(config-router) #router-id 3.3.3.3
(

config-router) #transport-address ipv4
3.3.3.3

Configure the transport address to be used for a TCP
session over which LDP will run on an IPv4.

(config-router) #targeted-peer ipv4 1.1.1.1

Configure the targeted peer IP address (R1 loopback
address).

(config-router-targeted-peer) fexit

Exit targeted peer mode.

(config-router) #neighbor 1.1.1.1 auth md5
password 0 pwd2

Configure the MD5 authentication and password, pwd?2, for
the targeted peer, 1.1.1.1.

(config-router) #exit

Exit the Router mode and return to the Configure
mode.

config) #interface 1lo

Specify the loopback (lo) interface to be config.

config-if) #ip address 3.3.3.3/32 secondary

Set the IP address of the loopback interface to 3.3.3.3/32

config-if) #fexit

Exit interface mode.

Specify the interface (xe?2) to be configured.

config-if) #label-switching

Enable label switching on interface xe2.

config-if) #enable-1dp ipvié

Enable LDP on interface xe?2.

(
(
(
(config) #interface xe2
(
(
(

config-if) #fcommit

Commit the transaction.

Removing MD5 Authentication for LDP Session

This example shows removing the MD5 authentication configuration from an LDP session.
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Figure 11-24: LDP Session Topology

PE1

#configure terminal

Enter configure mode.

(config) #router 1ldp

Enter Router mode.

(config-router) #no neighbor 10.10.10.2 auth
md5 password

Remove MD5 authentication for the neighbor,
10.10.10.2.

(config-router) fcommit

Commit the transaction.

PE2

fconfigure terminal

Enter configure mode.

(config) #router 1ldp

Enter Router mode.

(config-router) #no neighbor 10.10.10.1 auth
md5 password

Remove MD5 authentication for the neighbor,
10.10.10.1.

(config-router) #commit

Commit the transaction.

(config) #interface 1lo

Specify the loopback (lo) interface to be config

(config-if) #ip address 2.2.2.2/32 secondary

Set the IP address of the loopback interfaceto 2.2.2.2/
32

config-if) #exit

Exit lo interface

config-if)#interface xel

Specify the interface (xe1) to be configured.

config-if)#ip address 10.10.10.2/24

Set the IP address of the interface to 10.10.10.2/24

Enable label switching on interface xel.

config-if) #enable-1dp ipv4

Enable LDP on interface xel.

( )
( )
( )
(config-if) #label-switching
( )
( )

config-if) #commit

Commit the transaction.

Validation for LDP Session Count

This example shows the number of configured LDP basic neighbors and targeted neighbors count.

#show 1ldp session count

Basic sessions : 100 [UP: 100
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Targeted sessions : 500 [UP: 500]
Total Sessions : 600 [UP: 600]

Num Targeted Peers: 500 [UP: 500]

Validation for FTN, SWAP, and POP Entries

This example shows forwarding table entries, SWAP entries and POP entries for IPV4 and IPV6 prefixes.

#show mpls forwarding-table count

Num FTNs : 300000 [UP: 3, INSTALLED: 300000]

Primary FTNs : 300000 [UP: 3, INSTALLED: 300000]

Secondary FTNs : O [UP: 0, INSTALLED: 0]

Num IPV6 FTNs : 300000 [UP: 300000, INSTALLED: 300000]
Primary IPV6 FTNs : 300000 [UP: 300000, INSTALLED: 300000]
Secondary IPV6 FTNs : O [UP: 0, INSTALLED: 0]

Num ILMs : 300000 [UP: 0, INSTALL: 300000]
Swap Entries : 300000 [UP: 0, INSTALL: 300000]
Pop Entries : 0 [UP: 0, INSTALL: 0]

VC Pop Entries : 0 [UP: 0]

MPLS LDP PING and TRACEROUTE

This example shows MPLS ping and trace route for LDP

#show ip ospf neighbor
Total number of full neighbors: 1
OSPF process 0 VRF (default):

Neighbor ID Pri State Dead Time Address Interface
Instance ID

2.2.2.2 1 Full/DR 00:00:33 10.10.10.2 xel

0

#show 1ldp session
Peer IP Address IF Name My Role State KeepAlive
2.2.2.2 xel Passive OPERATIONAL 30

#show mpls forwarding-table
Codes: > - installed FTN, * - selected FTN, p - stale FTN,
B - BGP FTN, K - CLI FTN, t - tunnel, P - SR Policy FTN,
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L. - LDP FTN, R - RSVP-TE FTN,
U - unknown FTN, O - SR-OSPF FTN,

Code FEC FTN-ID
Out-Intf ELC Nexthop

L> 2.2.2.2/32 1 1
xel No 10.10.10.2

#ping mpls 1dp 2.2.2.2/32 detail
Sending 5 MPLS Echos to 2.2.2.2,
Codes:

Success, 'Q' - request not sent,
Retcode 0, 'M'
LBL Mapping Err,

Tt -
N' -
g -
B -
Tpro_

- Malformed Request,
'D' - DS Mismatch,
Unknown Interface, 'R' - Transit
IP Forwarded, 'F' No FEC Found, 'f'
Protocol Error, 'X' - Unknown code,
'Z' - Reverse FEC Validation Failed
Type 'Ctrl+C' to abort

! seq num = 1 .2.2 1.73 ms
2.2 1.46 ms
.2 0.64 ms

.2.20.65 ms

.2.20.62 ms
100
round-trip min/avg/max =

! seq _num =
! seq _num =

NDNDDNDDN

! seq_num =

g w N
nDNDNDNDN
N

2.
Success Rate 1is

! seq num =
(5/5)
0.62/1.18/1.73

.00 percent

ftrace mpls 1ldp 2.2.2.2/32 detail

Tracing MPLS Label Switched Path to 2.2.2.2,

Codes:

'!'' - Success, 'Q' - request not sent, '.
'x' - Retcode 0, 'M' - Malformed Request,
'N'" - LBL Mapping Err, 'D' - DS Mismatch,
'U' - Unknown Interface, 'R' - Transit
'B' - IP Forwarded, 'F' No FEC Found, 'f'
'P' - Protocol Error, 'X' - Unknown code,
'Z' - Reverse FEC Validation Failed

Type 'Ctrl+C' to abort

0 10.10.10.2 [Labels: 0]

11 2.2.2.2 0.69 ms

#ping mpls
reply-mode
#ping mpls
Sending 50

repeat

MPLS Echos to 2.2.2.2,
Codes:

'!''" - Success, 'Q' - request not sent, '.
x' - Retcode 0, 'M'
'N' - LBL Mapping Err,
vUv _
va —

- Malformed Request,

'D' - DS Mismatch,
'R' - Transit

No FEC Found,

Unknown Interface,

IP Forwarded, 'F' '

i

S - SNMP FTN, I
- SR-ISIS FTN,

timeout is 5 seconds

- timeout,

Nhlfe-ID Tunnel-id

IGP-Shortcut,

k -

Pri

m' - Errored TLV,

(LBL Switched),

- FEC Mismatch,

- timeout,
ml

(LBL Switched),

- Errored TLV,

- FEC Mismatch,

1dp 2.2.2.2/32 detail interval 5000 rep

- timeout,
m

timeout is 5 seconds

(LBL Switched),

ldp 2.2.2.2/32 detail interval 5000 repeat 50

' - Errored TLV,

- FEC Mismatch,

SR-CLI FTN

LSP-Type

LSP DEFAULT

timeout is 5 seconds

Out-Label
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'P' - Protocol Error, 'X' - Unknown code,
'Z' - Reverse FEC Validation Failed

Type 'Ctrl+C' to abort

! seq num =1 2.2.2.2 0.70 ms

! seq num 2 2.2.2.2 0.73 ms

! seq num = 3 2.2.2.2 0.71 ms

Success Rate is 100.00 percent (3/3)
round-trip min/avg/max = 0.70/0.71/0.73

LDP Session Protection

LDP Session Protection is an optimization feature. It is used when directly connected LDP peer sessions (via multicast)
become unavailable but still have IP reachability over a different path. LDP bindings are kept in the LIB to save time
from full synchronization when the direct connections comes back up.

There are two types of LDP connections:
* Direct LDP Session - directly connected LSR, one hop away.
» Targeted LDP Session - not directly connected LSR, multiple hops away.

By default if the directly connected LDP session loses connectivity to its peer, all bindings are flushed from the LIB.
When interfaces come up and LDP sessions are re-established, LDP has to synchronize its label bindings.

LDP Session Protection is an optimization, when enabled, will not flush the LIB when direct LDP sessions go down. As
long as there exists another path to the LDP Peer, it will maintain the LIB synchronized using Targeted LDP Session.
IGP will cause a reroute, but the label bindings will still be present from the old peer. When interfaces come back up,
LDP will not need to synchronize since it maintains the state using the targeted sessions.

1. Running LDP Session Protection on a system requires the following tasks:
2. Enabling label-switching on the interface on NSM.

3. Enabling LDP on an interface in the LDP daemon.
4

Running an IGP (Internal Gateway Protocol), for example, OSPF, to distribute reachability information within the
MPLS cloud.

o

Configuring the transport address.

6. Configuring LDP Session Protection.

