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AOS Configuration and Troubleshooting Guide

Frame Relay

This configuration guide will aid in the setup obfe Relay for
ADTRAN Operating System (AOS) products. An ovewief
Frame Relay general concepts combined with detadetnand
descriptions for example step-by-step assistanceoiafiguration.
The troubleshooting section outlines proper ussoiv and
debug commands to verify that Frame Relay has been gordd
properly on the AOS product(s).

This guide consists of the following sections:

Frame Relay Overview

Har dwar e/ Softwar e Requirements/Limitations
Configuring Frame Relay in AOS

» Configuring Basic Frame Relay Featuresin CLI

» Configuring Additional Frame Relay Featuresin CLI
» Configuring Frame Relay in the Web GUI

Example Configurations

Quick Configuration Guide

Troubleshooting



Frame Relay Overview

For companies that can accept lower transmissieadgpduring peak usage times, Frame
Relay provides a more affordable WAN solution thahedicated E1- or T1-carrier line.
Frame Relay can run over a variety of physical W&axnections, including E1- and T1-
carrier lines. Whatever the physical WAN connetig Frame Relay allocates
bandwidth on that connection dynamically. As a ltegwblic carriers provide a
subscriber with bandwidth only when that subscrieguires it.

Frame Relay cuts costs both for public carriersanascribers because it minimizes idle
bandwidth. Public carriers can allocate the saamatyidth to multiple subscribers;
therefore subscribers do not pay for bandwidth ihabt used.

When companies purchase Frame Relay service, 8dreiel Agreement (SLA) are
negotiated specifying a Committed Information R&#R), the amount of bandwidth that
can be used. The CIR is contractually guaranteadviiath, rather than physically
guaranteed as with dedicated E1- or T1- carrieslinFailing to provide the CIR agreed
upon in the SLA can result in a fine for the FraReday provider. Consequently, carriers
usually ensure that the bandwidth stipulated inGHe is available to the customer. (See
Figure 1)
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Figure 1: Frame Relay network dynamically allocates bandwidth.

Although a Frame Relay provider allows customessteCIR, it is still possible to
achieve a higher throughput than that amount foniéed time period. Frame Relay
provides the ability to burst above the provide® @1 times of high traffic volume. All
burst traffic can be dropped by the network if thisrcongestion at the provider’s switch.
For this reason, all excess traffic is tagged ax&i Eligible (DE) and can be dropped if
congestion occurs at any point in the providerisvoek.

If for any reason this does occur, the Frame RAlmess Device (FRAD) at the user’s
end will be notified of the drop by the sendingadBackward Explicit Congestion



Notification (BECN). A BECN is a notification th& sent towards the transmitting
FRAD stating that it is sending too much informattowards the Frame Relay Switch.

Packet Switched Network

Frame Relay transfers data through multiple nodesshared network using packet
switching. Frame Relay divides data into framesl, @ach frame travels through the
network individually, passing from one Frame Redaytch to another in a non-fixed
path, until the frames are reassembled at thetmdd¢®n.

Although frames can take multiple and variable pakinough a shared network, two
routers, which are identified by administrativegsened circuit IDs, define the fixed
endpoints to a permanent virtual circuit (PVC)alRrame Relay network, a PVC is a
logical connection between two sites.
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Figure2 PVC connectstwo endpoints on the Frame Relay network.
Components of a Frame Relay Networ k

The Frame Relay network consists of several compsneach of which has a specific
role.

* User, or data terminal equipmebBXTE)

» Network, or data communications equipmddCE)
» Network-to-network interfaceN(NI)

* User-to-network interface®J\I)

When you configure Frame Relay on the AOS prodeant, must define the role that the
router will perform in the Frame Relay network.



NN?IX,-» Swsiteh (JCE)

UHI Frame Ralay |
Router iIDTE) - — "= Ygyitch DoL) i
MNI™-. | Frame Felay | __UNI_ _

Switch (DCE) Rauter (OTE)

UNI: DTEto DCE
MNMI: DEEto DCE

Figure 3. Componentsin a Frame Relay Network

DTE

The DTE receives data from the LAN in the form afltiple protocol packets and
encapsulates each packet into a Frame Relay fiarttee header of such a frame is the
Data Link Connection Identifier (DLCI), which comta the frame’s ultimate destination.
You can configure the DTE to manage congestionnaaithtain quality of service. For
example, the DTE can manipulate the actual sizaolh frame sent through the network.
It also can buffer and fragment packets to reskarelwidth for particular circuits and
ensure quality of service for time sensitive paslgeich as voice applications.

DCE

In a Frame Relay network, the DCE is the FrameyR&htch, which establishes and
maintains the Frame Relay connection. After reogi¥rames from the DTE, the DCE
converts these frames into signals supported bphlgsical media of the network. The
DCE also reads the DLCI on incoming packets, chédskswitch lookup table, and then
forwards data to the appropriate outgoing port +ctvleads to the correct virtual
endpoint.

UNI
UNIs connect the DTE to the DCE and provide acte$ise Frame Relay network.

NNI
NNIs connect a DCE to a DCE, using bidirectionghsiing. That is, NNIs connect one
Frame Relay switch to another.

DLCI

As mentioned earlier, the DTE marks each outgaiagé with a DLCI, a 10- bit field in
the Address Field of the Frame Relay header. Thielsweads the DLCI to determine the
appropriate PVC endpoint to which to send the frabieCls are locally, not globally,
significant. (See Figure 4)

The 10-bit field enables 1024 possible DLCI numpktd some are reserved for special
purposes:

* 0 signals Annex A and D

» 1-15 and 1008-1022 are reserved

» 1023 signals Link Management Interface (LMI)



The remaining 976 DLCI numbers between 16 and Hd@Available to users. Your
public carrier will assign you a DLCI.
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Figure4 The DLCI I dentifiesthe PVC endpoint.

Multilink Frame Relay

Like Multilink PPP (MLPPP), Multilink Frame RelayLFR) aggregates several
physical connections into a single logical conrattiMLFR helps provide greater
access rates for PVCs, particularly in environmentghich the greater bandwidth of an
E3- or T3-carrier line is not available. MLFR als®ates more stable PVCs: If one
physical interface goes down, the other interfa@@scontinue to provide bandwidth for
a connection.

Routers that support MLFR FRF.15 bundle multipleiealines at the user’'s end. The
service provider does not recognize the bundlasdtgns each line one Data Link
Connection Identifier (DLCI) and carries trafficenthe PVC for each line, just as it
would for non-bundled lines. The remote routerjolalso runs MLFR FRF.15,
receives the traffic from multiple PVCs but treditas traffic from a single PVC.

FRF.15 does not require the Frame Relay servicageoto support MLFR. However,
each bundle can support only one point-to-poinhection to a remote site. The remote
site must use the same number of carrier lineBabotal site.

AOS routers support MLFR FRF.16 rather than FRRatb¢ch means the service
provider must support MLFR. FRF.16 provides selvadaantages over FRF.15. It
allows a bundle to carry multiple PVCs to multipéenote sites, and these sites can use
different amounts of bandwidth.

FRF.16 aggregates multiple carrier lines to produbegh-speed connection to the Frame
Relay service provider. The service provider sufgodILFR, so it recognizes that these
lines should be treated as a single bundle. Thecseprovider assigns a DLCI for the
lines as a bundle instead of for each line indiglju Rather than associating DLCI 101
with El-carrier line 1 and DLCI 102 with E1-carriare 2, the Frame Relay service
provider associates DLCI 101 and 102 with both Btier lines (See Figure 5).

DLCIs can be requested for PVCs to as many renitgte & an organization needs. In
addition, the remote sites do not have to aggrehatesame number of lines as the local



site or even run MLFR at all. The multilink contiea is to the Frame Relay provider,
not to the remote sites.

MLFR does not necessarily fragment frames. Howevean use FRF.12 to fragment
large frames and minimize delay. An MLFR headexdded to the original Frame Relay
header to mark the fragments’ sequence numbersssience, FRF.16 simply increases
the committed information rate (CIR) that is negtad for a Frame Relay portina T1 or
E1 environment.
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Figure 5 shows a Frame Relay connection that agtgedgwo E1-carrier lines to connect
to the Frame Relay provider. Router A establighesPVCs (one to Router B and one to
Router C) on this connection.

It is possible to aggregate as many carrier lirsesra connected on the AOS Router, as
long as they are of equal bandwidth. The MLFRrfatee can carry as many PVCs as
can be requested from the provider. Each PVC doatbe aggregated bandwidth as
needed, as available, and in accordance with tRen€gotiated with the service
provider. The endpoints of the PVC do not havese the same number of carrier lines
(although a great difference in bandwidth can leadropped packets). For example,
Router A at the company headquarters can use fblinés, while Router C at a small
remote site can connect to the network with onlg lbme.

Har dwar e/Softwar e Requirements/Limitations

Frame Relay was introduced in AOS 1.00.00 andiiently available in the following
platforms: NetVanta 1224R (POE), 1224STR (POE35IPOE), 1355/6355, 3200,

3205, 3305, 3430, 3448, 4305, 5305, and 7100. &Refay is also available on the

Total Access 900 and 900e series Integrated Adgegges (IADS).

Besides being restricted to the above devices, &Ratay also requires the use of a
Network Interface Module (NIM) that supports thestinology. The following NIMs
support the use of Frame Relay: all TI/E1 NIMs,3BIM, Serial NIM, SHDSL
(Symmetric High-Bit rate Digital Subscriber Line)Ml HSSI Wide Interface Module,
and DS-3 Wide Interface Module.



Frame Relay Traffic Shaping using CIR and ExcesstBuas introduced in 4.01.00 and
is currently available in all platforms supportgdframe Relay.

Frame Relay Fragmentation was introduced in 6.0ar@Dis currently available in all
platforms supported by Frame Relay.

Multilink Frame Relay was introduced in AOS 9.0141@ is currently available in the
following platforms: NetVanta 1224R (POE), 1224S{HOE), 1335 (POE), 1355/6355,
3200, 3205, 3305, 3430, 3448, 4305, 5305, and 7Mdtilink Frame Relay is also
available on the Total Access 900e series Intedrateess Devices (IADs).

Configuring Frame Relay in AOS

Frame Relay can be configured within the Web GUhb(ihical User Interface) as well as
the CLI (Command Line Interface). The followinggens will explain the

configuration through the GUI, as well as basic addanced configuration using the
CLL



Interface
configuration
mode context

Command

Explanation

t1

tdm-group <number > timeslots <range of DS0’s>

coding [ami /b8zs]

framing [d4 /esf]

clock source [internal /line /system]
Ibo [long /short]

no shutdown

Defines the number of channels (DS0’s) used for the T1
connection

Defines the line coding

Defines the frame format

Defines the clock source or timing for the T1

Line build out. Sets the strength level of the transmit signal

Activates the interface

el

tdm-group <number > timeslots <range of DS0’s>

coding [ami /b8zs]

framing [d4 /esf]

clock source [internal /line /system]
no shutdown

Defines the number of channels (DS0’s) used for the E1
connection

Defines the line coding

Defines the frame format

Defines the clock source or timing for the E1

Activates the interface

dds

clock source [internal /line]
clock rate [auto / bps56k / bps64k]
no shutdown

Defines the clock source for the DDS interface
Defines the clock rate
Activates the interface

shdsl

equipment-type cpe

no shutdown

Specifies this unit as a slave unit that is interfacing directly
with a service provider
Activates the interface

serial*

serial-mode [EIA530 /35 /x21]
et-clock-source [rxclock /txclock]

no shutdown

Configure the interface to support the appropriate cable
Configures the serial interface to take the clock from the
receive signal, rxclock, or from the transmit signal, txclock
Activates the interface

t3**

clock source [local /loop]

coding [b3zs]

framing [cbit /m13]
line-length [short /flong]
no shutdown

Defines the clock source or timing for the T3

Defines the line coding

Defines the frame format

Sets the strength level of the transmit signal
Activates the interface

hssi**

no shutdown

Activates the interface

T1, E1, DDS, SHDSL, Serial, T3 and HSSI Interface

The physical T1, E1, DDS, serial, T3, and HSSlriiaize must be set up and activated in
addition to configuring the virtual Frame Relayariace. Table 2 shows the main
physical settings that must be configured for darface that uses Frame Relay.

Table 1. Main physical settings required for T1, E1, DDS, SHDSL, serial, T3 and HSSI
interfaces in addition to Frame Relay configuration

* A serial connection on the WAN is typically used when the AOS device is placed behind an
existing WAN access device.

** T3 and HSSI are currently only supported in the NetVanta 5305



Configuring Basic Frame Relay Featuresin CLI

To begin configuring Frame Relay, there must begechl interface created. Below is
the syntax that must be entered from the Globalioration mode to create a logical
main Frame Relay interface:

Syntax: inter face frame-relay <interface number>

Replace <interface number> with any number betvieand 1024; this number must be
unique for each frame relay interface.

Below is an example of what the command prompt lnal like once the first frame-
relay interface is entered:

Router(config)#nterface frame-relay 1

Router(config-fr 1)#

Once within this mode, entering a “?” will providenfigurable options and explanations
below the prompt.

Router(config-fr 1)#?

Interface Command Explanation
Configuration
Mode Context

frame-relay No shutdown activates the interface
interface

frame-relay intf-type [dte | dce | nni] defines the signaling role as
user, network, or both
frame-relay Imi-type [ansi | auto | cisco | | defines Frame Relay signaling

none | q933a] type
frame-relay frame-relay interface-dlci <dlci> defines the DLCI for the PVC
subinterface - . -
ip address <A.B.C.D> <subnetmask | defines a static IP address for
/prefix length> the interface
or
ip address dhcp {client-id[Ethernet configures the Frame Relay
O/<port> | HH:HH:HH:HH:HH:HH] | subinterface as a DHCP client

hostname <word>} [no-default-route] [no-
domain-name] [no-nameservers]

or

ip unnumbered <interface> configures the Frame Relay as
an unnumbered interface, which
takes its IP address from another
interface




global cross-connect <number> <physical « cross-connects the physical

configuration or | interface> <slot>/<port> [<tdm-group interface to the logical
interface number>] Frame Relay <interface number> interface
configuration

* required tdm-group number
for E1 and T1 interfaces (but
not for serial interfaces)

Table 2. Frame Relay Configuration Options

The Frame Relay Commands shown above in Table @emaibed in the sections to
follow:

Activate the Frame Relay Interface
To bring the Frame Relay interface up, it must &tevated administratively. Enter the
following command from Frame Relay interface coafggion mode context:

Router(config-fr 1)#0 shutdown

Define the Signaling Role

The signaling role (as explained earlier in therewnsv) will need to be defined for the
AOS router to participate in the Frame Relay nekwdn most instances, this will be set
to the default of DTE (Data Terminal Equipment) g¥hrelates to the end user
equipment. If the DTE role is used no configunatvall be necessary since this is the
default behavior.

In some cases, it may be acceptable to modifysttisng to test if a certain application
will work over a Frame Relay circuit, thereforeggrsaling may need to be changed to
DCE. Itis important at the juncture to explaie tioles of each type of signaling. If one
end of a Frame Relay link is DCE, the other sidstne set to DTE to receive and
understand the signaling. However, the final tgpsignaling, NNI, can be set the same
on both ends of the circuit. This type of signglmay be used within a point-to-point
circuit where there is no intermediate Frame Relaiych (An example of this
configuration is provided under Frame Relay Configjon Examples). For leased line
circuits where a Frame Relay provider is not wiZPP should be configured instead of
Frame Relay.

To configure the signaling role, enter the follogiiinom the Frame Relay interface
configuration mode context:

Syntax: frame-relay intf-type[dce | dte | nni]

Define the Frame Relay Encapsulation

It is important to mention the Frame Relay encagisut as it is a setting that can
definitely keep a Frame Relay interface from becapactive. AOS routers only support
the IETF standard. For inter-vendor compatibilglease verify that the other end of the



link is configured to conform to the IETF standardd not a proprietary encapsulation.
To configure the Frame Relay encapsulation, uséolleving command from the Frame
Relay interface configuration mode context:

Syntax: frame-r elay encapsulation ietf

Define the Frame Relay Signaling Type

For a Frame Relay interface to become active, gtrmatch the same signaling type as
the other end of the connection from the Frame yR&davice provider. From the Frame
Relay interface configuration mode context, enter:

Syntax: frame-relay Imi-type[ansi | auto | cisco | none | q9334]

Table 3 maps the Frame Relay signaling type teétgéng that you must enter for the
frame-relay Imi-type command.

Signaling Type Option Complete Command
Annex D ansi frame-relay Imi-type ans
detect signaling type from | auto frame-relay Imi-type auto
incoming message

Cisco LMI Cisco frame-relay Imi-type cisco
no signaling (disables none frame-relay Imi-type none
signaling role as well)

Annex A g933a frame-relay Imi-type q933a

Table 3. Frame Relay Signaling

For example, to set the signaling typeto, enter the following command
from the Frame Relay interface configuration moadetext:

Router(config-fr 1)# ame-relay Imi-type auto

The default setting for signaling asi.

Cross-Connecting the Physical Interface to the talgnterface

On an AOS Router, it is necessary to cross-corthegbhysical interface to the logical
interface so that the router knows which Data Lialer protocol to use for that WAN
connection. After cross-connecting a physicalrfatee to a logical interface, the two are
considered a single interface group.

Frame Relay subinterfaces are used to disting@sh BVC using the data-link
connection identifier (DLCI). For this reasonisiimportant to note that physical
interfaces are cross-connected to the main Frarfe Reerface, and not to individual
Fame Relay subinterfaces.



The cross-connect command can be entered fromdbalgonfiguration mode context
or from the main Frame Relay interface configuratimode context, using the following
syntax:

Syntax: cross-connect <cross-connect number> <physical interface> <slot>/<port>
[<tdm-group number>] frame-relay <logical interface number>

The <cross-connect number> is globally significafihat is, eacler oss-connect
command entered on the router must have a unigss-connect number.

The <physical interface> parameter needs to bacedlwith the appropriate interface
type for the corresponding NIM being used. Thetshnd <port> pinpoint this
interface’s location on the AOS router and distisgunultiple lines of the same type
from each other.

If cross-connecting the Frame Relay interface td &wr E1 interface, replace <tdm-
group number> with the TDM group number definedtmcorresponding interface.
This option is not needed for other interface types

The <logical interface number> refers to the nunassigned to the configured Frame
Relay interface.

For example, to cross-connect the T1 1/1 interfadaame Relay 1 interface, enter:
Router(config)#ross-connect 1t1 1/11fr 1

If cross-connecting to a serial interface, enter:
Router(config)#ross-connect 1 ser 1/1fr 1

Create the Frame Relay Subinterface

For each frame-relay PVC there needs to be a FRehey subinterface. To create a
subinterface, there must first be a main FramejRalarface. To create a Frame-Relay
subinterface, enter the following command from@&iebal Configuration context or the
main Frame Relay interface configuration mode cdnte

Syntax: interface frame-relay <number.subinterface number>

Replace the first number with the main frame-ratdgrface number. Then replace the
subinterface number with any number between 1 @&0d.1 For simplicity and ease of
troubleshooting, it is recommended to make thergalfiace number the same as the
DLCI (Data-Link Connection Identifier).

For example, if the Frame Relay provider assignBd.@l of 16 enter:

Router(config-fr 1.16)#nterface frame-relay 1.16



After entering this mode, the prompt should nowrbthe Frame Relay subinterface
configuration mode context which is reflected ie tbhuter prompt:

Router(config-fr 1.16)#

Once in this menu, additional parameters can béguoed including MTU size and
Excess Burst Rate. These options are explainddtail in the “Configuring Additional
Frame Relay Features in the CLI” section. Forahgetup of the Frame-Relay
subinterface, only Addressing and DLCI identificatiare needed.

Assign a DLCI to the Frame Relay Subinterface

The Frame Relay service provider assigns each Rd@ant a DLCI on the Frame
Relay switch, and the switch maintains a tableagheDLCI so that it can pass traffic
through an outbound port uniquely associated wipexific peer.

To assign the DLCI to the Frame Relay interfacégretine following command from the
Frame Relay subinterface configuration mode context

Syntax: frame-relay interface-dici <DLCI>

Replace <DLCI> with the DLCI that has been provifledthis subinterface by the
provider. This number will be between 16 and 1087A.important point to note is that
every subinterface for a main Frame Relay interfaitiehave to have a different DLCI
number.

For example, if a Service Provider assigns onengeliace a DLCI of 16, enter:

Router(config-fr 1.16)#rame-relay interface-dlci 16

Configuring the IP Address for the WAN Connection

Since multiple subinterfaces can be configuredn® main frame relay interface, the IP
addressing must be done on each subinterface thtrethe physical interface or the
main frame relay interface. There are basicallgdldifferent ways to assign an IP
address on this interface:

* assign a static IP address
» configure the Frame Relay subinterface as a DH@htcl
» configure the Frame Relay subinterface as an unetedlinterface

Configuring a Static IP Address
From the Frame Relay subinterface configuration enmzhtext, enter:

Syntax: ip address <ip address> <subnet mask | /prefix length>

Replace <ip address> with the IP address thathe twonfigured for this subinterface.
Replace <subnet mask> with the subnet mask oraepifrefix length> with the



appropriate CIDR (Classless Interdomain Routingatan for the mask. For example,
an IP address of 192.168.1.1 with a 255.255.25%8kmvould look like the following:

Router(config-fr 1.16)#p address 192.168.1.1 /24

Configuring the Frame Relay Subinterface as a DI@G&nt
In some circumstances, the provider may assig® autiress for a subinterface

dynamically instead of providing a single, statitleess for the connection. In this
situation, it is necessary to assign the subinterées a DHCP Client to obtain an IP
address. Use the following syntax from the Frarajrsubinterface configuration

mode context:

Syntax: ip address dhcp {client-id [ethernet O/port] | HH:HH:HH:HH:HH:HH |
hostname <word>} [track <name>] [<administrativetdnce>]

The dhcp command is quite capable in its abilifgble 4 shows the listed options and
how they can be used within the dhcp command.

Option Use Default Setting

client-id configures the client identifier media type and
displayed in the DHCP interface’s MAC
server’s table address

hostname configures the hostname displayedrauter hostname

the DHCP server’s table

no-default-route

specifies that the DHCP client
should not accept the default route
obtained through DHCP

accept default
route from the
server

no-domain-name

specifies that the DHCP clients
shoud not accept the domain name
included with the other lease settin
that the DHCP server sends

accept the domain
name setting from
gthe DHCP server

no-nameservers

specifies that the DHCP client
should not accept the DNS settings
included with the other lease settin
that the DHCP server sends

accept DNS
settings from the
g®HCP server

track

attaches a network monitoring trag
to the DHCP client

k(none)

<administrative distance>

specifies the administeadistance
to use when adding the DHCP

1

gateway into the route table

Table 4. Settings for the DHCP Client Command

It is important to make note of the options in Eablbefore enabling the DHCP client.
After enabling the DHCP client, it immediately begito search for a DHCP server




and negotiate a lease. To modify any changesttetise received from the DHCP
server, the lease must run out or be terminated.

Accepting the Default Settings
In most circumstances, it will be easiest to letivedefault DHCP settings for the Frame
Relay subinterface. To leave the default, enter:

Router(config-fr 1.16)#p address dhcp

The DHCP client on the Frame Relay subinterfackimiinediately begin to send DHCP
discovery message to find a DHCP server. When a®Bver responds, the client will
negotiate an IP address. The DHCP client will S8RCP discovery messages whether
or not the Frame Relay subinterface is activatea \alid connection has been
established. It will continue to send DHCP disaguaessages until a DHCP server
responds.

Once the DHCP client has been activated, it is mambd to make sure that the router
actually receives an IP address so that the raaite longer consuming resources and
bandwidth by constantly sending out discovery mgssa@an the Frame Relay link. To
determine whether the Frame Relay subinterface@hdB address assigned to it, enter
the following show command from the enable moddexin

Router(config-fr 1.16)#lo show interface frame-relay <number.subinterface number>
Configuring a Client Identifier

By default, AOS populates the client identifier ivihe media type and the interface’s
media access control (MAC) address. The DHCP tctian use either the MAC address
of a specific Ethernet port or a customized MACradd.

To configure a client identifier when enabling DEICP client, enter:

Syntax: ip address dhcp client-id [Ethernet O/gort number> |
HH:HH:HH:HH:HH:HH]

As the next section shows, it is also possibleotdigure a hostname with the client
identifier.

Configuring a Hostname

AOS uses the hostname configured for the routénebrame Relay subinterface’s
default DHCP client hostname. To override thisthasie when enabling the DHCP
client, enter the following command:

Syntax: ip address dhcp hostname <word>

For example, to specify that the hosthamieaster B, enter the following:



Router(config-fr 1.16)#p address dhcp hosthame Router B

The below example shows how to configure not oné/lhostname, but the client
identifier as well:

Router(config-fr 1.16)#p address dhcp client-id ethernet 0/1 hosthname Router B

The above command sets the DHCP client to use th€é Bbdress of the Ethernet 0/1
interface as its client identifier and its hostnamiké be RouterB.

The next three commands described will show hoigriore different settings that are
received from the DHCP client.

Overriding Settings received from the DHCP Server

If the DHCP server is configured to provide a défaoute, a domain name, or a domain
name system (DNS) server, the DHCP client for tfaarie Relay subinterface will accept
and use these settings. To override this, us@pnre of the appropriate options:

Syntax: ip address dhcp [hostname <word> | no-default-route | no-domain-name | no-
nameservers]

For example, to not receive the default route aardenserver settings through a DHCP
client, use the following command:

Router(config-fr 1.16)#p address dhcp no-default-route no-nameservers

Attaching a Network Monitoring Tack to the DHCPdrface

As a part of the network monitoring feature, ip@ssible to attach a network monitoring
track to the DHCP client in order to monitor thdaudt route received from a DHCP
server. A track uses probes to test routes ameisewith the goal of either removing
failed routes or logging poor performance.

Use thetrack option with theip address dhcp command to configure the AOS router to
add the default route as a monitored route. tFhek option can be combined with any
of the other options for the address dhcp command (excepto-default-route — the
router cannot monitor a route that the interfacesdwot accept).

For example, to attach the track named DHCPDefantgr:
Router(config-fr 1.16)#p address dhcp track DHCPDefault

Before entering the command, it is important tateea track named DHCPDefault that
this command can reference. Also, a probe neels tweated to test the router. For
example, the probe could test connectivity to thiaudlt gateway listed in the DHCP
default route. If the probe fails to reach thesgaty, the track determines that the default
route has failed and removes it.



. Tracksrequire the use of at least AOS Version 13.01.00 to function. The following
{%ﬁ NetVanta routers have the ability to use this feature: 1335, 3120, 3130, 3305, 3430,
3 3448, 4305, and the 5305.

Setting the Administrative Distance

The administrative distance on a DHCP command eaenltered to determine if the
route received from the DHCP server should be atliéte route table. The router uses
the administrative distance to determine the bmgerwhen multiple routes to the same
destination exist. The router assumes that thdlesn@aministrative distance, the more
reliable the route is. For the administrative alste to be configured, it cannot be
coupled with theno-default-route option. Below is the syntax for this command:

Syntax: ip address dhcp <distance>

Replace <distance> with the administrative distancadd to the default route received.
For an administrative distance of 5, enter:

Router(config-fr 1.16)# addressdhcp 5

Changing a Setting for the DHCP Client

To change a setting for the DHCP client, the clienst first be disabled on that
interface. After doing this, enter the commaneéable the client with the setting that
needs to be changed. Before disabling the clietgase the IP address obtained through
DHCP. This will prevent the DHCP server from halglthe IP address and allow it to
assign the IP address to another client.

Releasing or Renewing an IP address

To manually force the Frame Relay subinterfacekease or renew an IP address, enter
these commands from the Frame Relay subinterfatiggooation mode context:
Router(config-fr 1.16)# dhcp release

Router(config-fr 1.16)# dhcp renew

Remove the DHCP Client Setting
To disable the DHCP client on a Frame Relay sulfaxte, use the following command:

Router(config-fr 1.16)#o ip address dhcp

Configuring the Frame Relay Subinterface asan Unnumbered I nterface

To conserve IP addresses it may be necessary figwathe Frame Relay subinterfaces
as unnumbered interfaces. If a logical interfaze dn IP address assigned to it, that
address cannot overlap with a subnet that is cord@jto any other logical interface. As



a result, each interface that has an IP addresssems a subnet. Depending on the
subnetting scheme implemented, this could use mRoaeldress than can be spared.

When assigning a Frame Relay subinterface as ammivered interface that uses the IP
address assigned to another interface, AOS wilthusdP address of the specified
interface when sending route updates over the ubeted interface.

Before configuring the Frame Relay subinterfacarasnnumbered interface, be aware
of one potential disadvantage: If the interfacevkich the IP address is actually
assigned goes down, the Frame Relay subinterfdcbeviinavailable. For example,
suppose Frame Relay 1.16 is configured with an onfr@wed interface that takes its IP
address from the Ethernet 0/1 interface. If tHeektet 0/1 interface goes down, the
Frame Relay 1.16 subinterface will be unavailaisievall.

To minimize the chances of the interface with tAeatdress going down, assign the IP
address to a loopback interface, which typicallgginot go down.

To configure a Frame Relay subinterface as an ubetgd interface, enter the following
command from the Frame Relay subinterface conftguranode context:

Syntax: ip unnumbered <interface>

Valid interfaces include:

Ethernet interfaces and subinterfaces

VLAN interfaces

Other Frame Relay subinterfaces

PPP interfaces

HDLC interfaces

Loopback interfaces

Asynchronous Transfer Mode (ATM) subinterfaces
Demand Interfaces

BVI interfaces

For example, entering the following commands wauddfigure a loopback interface and
then configure the Frame Relay 1.16 subinterfaceséothe IP address assigned to that
loopback interface:

Router(config)#nterface loopback 1
Router(config-loop 1)#p address 10.1.1.1 /30
Router(config-loop 1)#nterfacefr 1.16
Router(config-fr 1.16)#p unnumbered loopback 1

With loopback interfaces, it is unnecessary totheecommancho shutdown to activate
the interface. The status of a loopback interfd@nges to up once titerface
loopback <interface number> command is entered.



Configuring Frame Relay Traffic Shaping

Setting the CIR

The CIR for a subinterface can be set withftteane-relay bc <command> from the
Frame Relay subinterface configuration mode cont&stexplained earlier in the
overview, the CIR is the bandwidth that the FraneéaR service provider guarantees for
the PVC.

The CIR is calculated from the,Bvhich is the maximum number of bits that the Feam
Relay carrier guarantees to forward during a aetitgerval of time (T). The CIR is
equal to B/T.

It is important to set theBor each Frame Relay subinterface to ensure hieaPVC
does not exceed its CIR. Some Frame Relay sepvameders may charge a customer if
the company consistently transmits over its CIR.

The industry standard is to calculate the timeruatkas 1 second. As a result, thai
essentially the CIR. To set the CIR, enter thiofahg command from the Frame Relay
subinterface configuration mode context:

Syntax: frame-relay bc <committed burst value>

Replace sommitted burst value> with the CIR expressed in bits. This value can b
between 0 and 4,294,967,294 bps.

For example, to set the CIR to be 256 kbps, enter:
Router(config-fr 1.16)# ame-relay bc 256000

Setting the EIR

In most circumstances where a CIR is negotiated$hA, the terms of the agreement
probably also allowed for a burst rate on the Fr&akay connection. This burst rate is
called the Excess Information Rate (EIR), whichres the maximum amount of traffic
your company is allowed to sendexcess of the CIR.

The B sets the maximum number of bits that the routartansmit during “T”. Just as
B is equal to the CIR, 8s equal to the EIR. Bletermines the rate at which the AOS
Router can burst data above the CIR when there ®ngestion on the Frame Relay
network.



If avalueisentered for the frame-relay bc command, there should also be a burst
rate configured for the Frame Relay link. Otherwise, the link will be limited to the
£ bandwidth specified in the frame-relay bc command. Together, the frame-relay bc
%ﬁ and the frame-relay be commands define the amount of bandwidth that can be
4, used on the Frame Relay link. The sum of the values you specify for these
two commands should be greater than 8000 but not greater than the port
speed at either side of the PVC.

To configure the EIR for the Frame-Relay subintezfeenter:
Syntax: frame-relay be <excessive burst value>

Replace excessive burst value> with a burst rate, expressed in bits. You cdarad®
between 0 and 4,294,967,294 bps.

In an instance where the EIR is 64 kbps, enter:
Router(config-fr 1.16y ame-relay be 64000

Discard Eligible (DE) Bit

After a PVC reaches its CIR, the Frame Relay switetnks each packet with a Discard
Eligible (DE) bit. For example, if a PVC'sci8 1.0 Mb, its Bis 0.5 Mb, and its
transmitting traffic at full capacity, then the Fra Relay switch will set the DE bit on the
last 500 kilobytes of packets. If the Frame Relaywork becomes congested, the Frame
Relay switch first drops the packets that are néwkigh the DE bit.

Configuring Additional Frame Relay Featuresin the CL |

In some situations, it is important to configurelididnal parameters to meet special
circumstances. Some of these instances includéggooing Frame Relay Multilink,
Frame Relay LMI Counters, the MTU value, and Fraeéy Fragmentation.

Configuring Multilink Frame Relay

As mentioned in the Overview, MLFR can be usedgigragate multiple carrier lines into
one logical bundle. For configuration, first idénthe Frame Relay interface for the
connection where an increase in bandwidth is desifdnen, move the configuration
mode context for this interface and enable mukilifror example, enter:

Router(config)#nterface frame-relay 1
Router(config-fr 1)# ame-relay multilink

After enabling MLFR on the main Frame Relay inte€fait is then possible to cross-
connect multiple carrier lines to a Frame Relagrfaice. On the AOS Router, links are
always defined by the Data Link Layer rather tHasRhysical Layer. By cross-
connecting a physical interface to a logical irded, the Data Link Layer protocol is



granted access to transmit data over the physiedlan This way of defining links
makes configuring MLFR easy: simply cross-connegtarthan one carrier line to the
same Frame Relay interface.

At this point, the physical interfaces should hailready been configured. If not, see
Table 1 which shows the configuration commands eedodr a physical interface. To
cross-connect the physical interfaces to the Fridelay interface, the following
information is needed:

" Type of carrier line (E1 or T1)

] Network Interface Module slot
= Port number for the interface where the line cotsec
. TDM group number used for E1 or T1 interfaces

The TDM group number defines the range of chanmsdsl by an E1 or T1 carrier line.
Lines that will be aggregated can use the saméfereht TDM group number on each
corresponding interface, but these limast use the same number of channels. The
TDM group number is only needed for E1 or T1 irdeds. Other interfaces such as
serial, dds, SHDSL, etc do not make use of a TDMigr

If a physical interface is already cross-connettetthe Frame Relay interface prior to
enabling multilink, the existing cross-connect viadl removed from the interface. The
original line will have to be cross-connected agaithe Frame Relay interface along
with all the new lines.

The cross-connect command can be entered eithrarthre global or the Frame Relay
interface configuration mode context. Enter theag@and for each carrier line that needs
to be bundled:

Syntax: cross-connect <cross-connect numberinterface><slot>/<port> <tdm group
number>frame-relay <interface number>

Each physical interface should be cross-conneotditet Frame Relay interface with a
unique cross-connect number. For example, enter:

Router(config)#ross-connect 1t1 1/11fr 1
Router(config)#ross-connect 2t1 1/21fr 1
Router(config)#ross-connect 3t12/11fr 1

Physical Interfaces are cross-connected to the Frame Relay interface, not the
{m Frame Relay subinterface. Thisis because Frame Relay subinterfaces define PVCs
: E which are virtual connections, while the Frame Relay interface defines the physical
Ny connection available to all the virtual ones.




MLFR manages the connection by periodically senduiighellos across each carrier line
included in the multilink connection. The helleindes the link ID of the line and the
bundle ID of the connection as a whole. The liDKdts the router know which lines are
up; the bundle ID lets the router know which lires actually part of the same logical
connection.

By default, AOS assigns a bundle ID based on the Fiame Relay interface number in
the following format with multilink is utilized:

MFR<interface number>

For example, the router might assign the followbogdle ID if the Frame Relay
interface number is 1:
MFR1

It is possible to configure a bundle ID for the mention manually. Move to the Frame
Relay interface configuration mode context andrente

Syntax: frame-relay multilink bid string>
Replace <string> with the bundle ID.

The bundle ID can be up to 48 characters. ltgead idea to configure the bundle ID at
the same time that multilink support is enabledaetive connection will go down briefly
and then go back up while the new bundle ID is tiateml. Some carriers will not allow
links in a MLFR bundle to come up unless the buhidlenatches what is programmed in
their switch. If this is the case the appropriteng must be supplied by the Frame
Relay provider and configured on the AOS router.

Configuring Multilink Timers

With MLFR, it is possible to modify different timerelated to the hello messages
through the Link Integrity Protocol (LIP). AOS Reus allow for configuration of when
a bundle link will send out hello messages. Thawlevalue is 10 seconds. To
configure the hello timer, use the following synfeorm Frame Relay interface
configuration mode context:

Syntax: frame-relay multilink hello <seconds>

Replace <seconds> with the number of seconds tobetire sending another hello.

The hello timer can be between 1 and 180 secoRdsaember, that these settings define
how often the keepalive will be sent from the A@8ter to the provider. ltis
recommended not to modify this value as it may edhe link to bounce if parameters do

not match the other side of the link.

Besides the Hello timer, is is also possible to ifiyatie LIP ACK timer. This defines
the amount of time the bundle will wait for an A@Kthe first hello message before it



resends the hello. The default value is 4 secomdsconfigure the ACK timer, use the
following from Frame Relay interface configuratiorode context:

Syntax: frame-relay multilink ack seconds>
Replace seconds> with the number of seconds to wait for an ackmalgement.

The ACK timer can be between 1 and 10 seconds.inAgas setting modifies an
optional setting. Be very careful in modifyinggtparameter as it will also cause the link
to bounce if parameters do not match the otherdfidee link.

It is also possible to configure the amount of sragFrame Relay bundle will attempt to
send a hello message to the far end while waitingh acknowledgement. The default
value is 2 tries. To configure the retry attemptse the following from Frame-Relay
interface configuration mode context:

Syntax: frame-relay multilink retry sumber>
Replace sumber> with the number of retries to be sent waitingdarACK.

The number of retries can be between 1 and 5. Setimg, like the others, is completely
optional and it is recommended not to modify thiadk. Since this modifies how often
the link sends retries, it is possible that modi§ythis command could cause instability
in the link which could result in the interface Imaing.

Configuring Frame-Relay Multilink Bandwidth Classes

Bandwidth classes are defined in FRF16.1, and @aoeimum limit on the acceptable
amount of bandwidth required for a bundle to be THe classes are defined as follows:

Class A: A single active physical carrier-linksigfficient for the bundle to stay UP.
Class B: All physical carrier-links in the bundirist be active for the bundle to stay UP.
Class C: A minimum threshold of carrier-links mhstactive for the bundle to stay UP.

The default bandwidth class for all Multilink bueglis A. To modify this parameter,
enter the following from the Frame Relay interfacafiguration mode context:

Syntax: frame-relay multilink bandwidth-class [a | b Kifireshold>]]
Replace threshold with the number of links neededHe bundle to remain active.

The threshold for C can be 1 to 65535, however,;ramyber for the threshold higher

than the number of active links cross-connecteatied-rame Relay interface will cause
the bundle to be in a permanent DOWN state.

Configuring Frame Relay LMI Counters

The Frame Relay counters monitor status polls seddeceived, track errors, and
change the endpoint’s signaling status from upowwerd depending on the number of



errors counted within a set frame of events. Altjlothe counter settings can be tailored
to a unigue system, most applications do not reghie special settings, and therefore
should be kept to the default settings.

Table 4 lists the Frame Relay counters, the passigttings, and the polls that each one
controls.

Table 4 Frame Relay Counters

Frame Relay Counter| Possible | Default Description
Setting Setting

frame-relay Imi- 1-255 6 Configure how many link integrity

n391dce golls> polls in between the full-status
polls. Configure this setting for the
DCE endpoint.

frame-relay Imi- 1-255 6 Configure how many link integrity

n391dte polls> polls occur between the full status
polls. Configure this setting for the
DTE endpoint.

frame-relay Imi- 1-10 3 Configure an error threshold

n392dce #hreshold> number for the DCE. If the error
threshold is met, the signaling
status is changed to down, which
indicates a service-affecting
condition. This condition is cleared
after this number of consecutive
error-free N392 events are received.

frame-relay Imi- 1-10 3 Configure an error threshold

n392dte <ounter> number for the DTE. If the error
threshold is met, the signaling
status is changed to down, which
indicates a service-affecting
condition. This condition is cleared
after this number of consecutive
error-free N392 events are received.

frame-relay Imi- 1-10 4 Configure the LMI-monitored event

n393dce sounter> counter for the DCE endpoint.

frame-relay Imi- 1-10 4 Configure the LMI-monitored event

n393dte counter> counter for the DTE endpoint.

frame-relay Imi- 5-30 10 Set the T391 signal-polling timer

t391dte seconds> seconds seconds | for the DTE endpoint.

frame-relay Imi- 5-30 10 Set the T392 polling-verification

t392dce seconds> seconds seconds | timer for the DCE endpoint.

No can be added to the beginning of any of these cards return the counters back
to the default settings.



Configuring MTU

The MTU defines the largest size that a frame @hdjore it must be fragmented. The
MTU size on the Frame Relay subinterface shoul&imtéite MTU used by the remote
router and the intervening network devices. Altjoit is possible to match the MTU on
the local Frame Relay interface with that usedhgydublic carrier's equipment, it is
almost always not possible to ensure that allibervening network devices will use the
same MTU. To avoid problems that may occur ifrgenvening network device is using
a small MTU size, it is recommended to enable FrRelay fragmentation (explained
below).

If using OSPF routing on the NetVanta router, take special care when setting the
{mf MTU. OSPF routers cannot become adjacent if their MTU sizes do not match.

By default, the MTU for Frame Relay subinterface45%00 bytes. To change this
setting, enter the following command from the FrdReday subinterface configuration
mode context:

Syntax: mtu <size>
Replace size> with a number between 64 and 1520.

Frame Relay Fragmentation

By default, Frame Relay does not fragment framdb@&gpass through the network.
However, Frame Relay does support a standard dRIErL2 that allows the
implementation of fragmentation. It is importantiote that for fragmentation to work
correctly, frame rate limiting (the CIR) must fits¢ set. It is important that if Frame
Relay Fragmentation is to be configured, the prewltas also been set up for this setup.
To configure fragmentation, enter the followingrfré-rame Relay subinterface
configuration mode context:

Syntax: frame-relay fragment64..1600>

Replace 64..1600> with the threshold to be used for frame sizes dha candidates for
fragmentation. If the value is 1600, it is allwa$ equal to or less than this size, while 64
sets it for all values equal to or greater thas talue.

Adding a Description

Descriptions can be added to a Frame Relay inedasubinterface if information needs
to be documented for an individual link. For exdenmultiple PVCs configured on a
Frame Relay interface can be documented to showtki®® end point. In this case, enter
the following command at the Frame Relay subinterfeonfiguration mode context:



Syntax: description §ine>
Replace #ine> with a phrase up to 80 characters. Below isxamgle of what might be
entered for a PVC:

Router(config-fr 1.16)#description WAN link to Lood office

Whenever ahow running-config command is entered, the description can be displaye
From the enable mode context, enter:

Router#show running-config
It is also possible to view the description by entg
Router#show running-config interface fr 1.16

This command displays the running-config settirmysohly the Frame Relay 1.16
subinterface, as shown below:

interface fr 1.16
frame-relay interface-dici 16
description WAN link to London office
ip address 192.168.1.1 255.255.255.0
no shutdown

Configuring Frame Relay in the Web GUI

To begin configuration of Frame Relay through thedA¥enu, it is important to have the
HTTP/HTTPS server activated with a username alreadfigured on the unit. To
enable HTTP/HTTPS, enter the following command ftbmn global configuration mode
context:

Syntax: ip [http | https] server

After enabling the GUI Interface, it is then imgaort to add a username and a password
for login to the GUI. To do this, enter the follmg command from the global
configuration mode context:

Syntax: username ssername> password gassword>
Replace ssername> and spassword> with the credentials needed for logging into the
GUI.

After enabling the server and adding a usernamé& gay internet browser and enter in
the local IP address of the router into the addoess If you experience difficulties,
consult the guideAccessing the Web GUI in AOS available on our knowledgebase at:
kb.adtran.com.



Physical Interface Configuration

To begin configuration through the Web GUI, itirstf important to have the physical
interface set up. From the menu on the left haohel f the screen, choose Physical
Interfaces from System Header. Below is an examplee menu option:

Getting Started
Systemn Summary
Physizal Interfaces
Passwords

IP Services

DHCP Server
Hostname / DHS
LLDP
SMMP

On the Physical Interfaces page, there will be afor each different Physical
Interface. Under this menu, choose the interfadeetused by Frame Relay. Below, our
WAN interface is T1, therefore this is the inteddo select.



Physical Interfaces

This is a list of all the physical interfaces that are either physically tied to the product or
connected via a plug-in module. Yiew or edit the configuration of an interface by clicking

its narne.
Logical Interface Line Status
1151 none Interface Disabled WAN-T1
modemn 1/1  none Interface Disabled Modern
s 041 none Down Switchport
s OF2 none Down Switchport
s 073 none Down Switchport
A none Down Switchport
s 075 none Down Switchport
sy 0F6 none Down Switchport
sy 047 none up Switchport
s 048 none Down Switchport
s 09 none Down Switchport
s 0410 none Down Switchport
s 07171 none Down Switchport
s 0517 none Down Switchport
swx 07135 none Down Switchport
sy 0714 none Down Switchport
sy 015 none Up Switchport
s 0416 none Down Switchport
s 0717 none Down Switchport
sy 0515 none Down Switchport
s 0519 none Down Switchport
s 0520 none Down Switchport
swx 0521 none Down Switchport
sy OFEE none Down Switchport
sw 0F23 none Down Switchport
s 024 none Up Switchport
. Gigahit
10a-swx 071 none Down Sl.ﬁ?itn:hpu:ur‘t
. Gigahit
Iga-swx 052 none Down Sl.-\?it-:hpnrt

After selecting the T1 menu, there will be a seteat boxes where the T1 configuration
can be entered. Below is an example of a T1 cardigpn:



Configuration for “T1 11"

Basic configuration for the T1 interface,

Description: [T Sonfiguration

Data D=0s: | 1

D50 Speed:

Encapsulation:

Enable;

Clocking: | Line w

Framing: | ESF »

Coding: | BEZS W

FOL: | ANST %

W to | 24 v

Ak bps (W

O ppp

%) Frame Relay
) HDLC

Multilink: []

Descriotion fabe! foptiona!)

Enable or disable this interfaces,

Select the source Yming for this
interface

Select the framing that matches
the network prowder framing
format,

Select the coding that matches the
network prowider fine coding.

Select the format for the facility
Fatz ok channel,

Select the D505 o map to the
Router,

Select the speed for the D505 in the
D50 Map,

Imterface connects to & CFF,
Frame Relz)y, or HOLC cirowit

Enable multitink: for the selected
encapsiation,

[ Reset || apply |

All of these settings match up to CLI commandsbl&&® below shows how each option
matches the commands in the CLI:

Table5: T1 Physical Interface Commands

Option CLI Command Explanation

Description description This command adds a
description to the T1
interface.

Enable no shutdown/shutdown Command enables/dsable
T1 interface

Clocking clock source [line | internal | through| etSthe timing for the
circuit.

Framing framing [d4 | esf] This command sets the
framing for the T1 line.

Coding coding [ami | b8zs] Sets the bit codingtfer
T1 line.

FDL fdl [ansi | att | none] Configures the FDL




standard for the T1 line.

Data DSOs and | tdm-group saumber> timeslots Sets the timeslots of the T1
DSO Speed <range> speed [56 | 64] for Data and the Speed of
Each DSO.
Encapsulation interface [frame-relay | ppp | hdlc] | Assigns a Layer Two
<interface number> Protocol to the Physical

Cross-connecteross-connect number> | Interface.
t1 <dot>/<port> <tdm-group number>
[frame-relay | ppp | hdic]interface

number >

Multilink interface [ppp | frame-relay | Allows multilink
<interface number> configuration for multiple
[ppp | frame-relay] multilink carrier lines.

If Multilink is set, there will additional optionfer the Physical Interface. At this point,
configuration can be done to set the interfaceeta part of an existing multilink bundle
or to establish a new bundle as shown below:

- Enable multifink for the selected
Multilink: encaosuiation,
Frarme Relay © New Create 3 new Frame Relz)y interface
Multilink Select ar sefect an exisiing one for
Interface: i,

[ Resat ][Eﬁ.ppll,'?]

At this point, if there was a multilink interfackeady created, it could be selected
instead of creating a new multilink interface. &fthe physical interface has been
configured, click Apply to add the changes to tinening-configuration.

Besides a T1, the physical interface may also berEerial. Below is an example of an
E1 configuration. Notice it is very similar to thé@ configuration:



Configuration for "E1 11"

Basic configuratian for the E1 interface,

Cescription: |EL Interface Description labe! (optional)
Enable: Enable or disahile this interfacs,
Clocking: | Line w Select the source Hring.
ST - | 3 Select the fram."ng that.matches the
network prowider framing format,
Ts16: [ i{;iba."ﬁ;’g:"sabfe T516 a5 the

. Select the coding that matches the
Coding: | HDB3 v network prowider fine coding.

. Select 3 0 ar 1" for Hhe Tx valus of
SadTx-Bit: |0 v Sad on this £1,

; Select the DEOs to map to the
Data Ds0s: |1 W | to| 31 W Boiter

DS0 Speed: | 64Kbps % Select the speed for the D505 in the

D50 Map,
O pep
lation:  ® Interface connects o g £EF,
En R e Frame Relay Frame Relzy, or HOLC ciroui?
O HoLc
Enable multiling for the selected
Multilinle:  [] encapsafation (EEC oF Frame

Refap ],

| Reset | [ Apply |

As can be seen from the Configuration, there aig trery few differences between E1
and T1. Below is a list of differences:
= Framing can be E1 or CRC4 instead of D4 or ESF
= Signaling can be setto TS16
Coding can be AMI or HDB3 instead of B8ZS
The SaTx-Bit can be set to 0 or 1, this is a sgttiot used at all in T1.

Finally, below is an example of the Physical Iraeds page for a Serial Interface:



Configuration for "Serial 11"

Basic configuration for the Serial interface.

Description: |Serial Interface| Description lzbel (optional)
Enable: Enable or disable this interface,
Maode: | W.35 Specify the electrical mode,

Set clock in transmit data stream to

T# Clock: | Normal  w novma! oF inverted,

Set clock {n receive data stream to

Rx Clock: | Normal norma! oF inverted,

ET Clack: | Mormal Set reference clock to normal or
: fnverted before transmitting,

ET Clack

Source: Tx Clock W Set External transmit clock source,
O pep
lation: @ Interface connects o g FEF,
EMEEREL e Frame Relay Frame Belay, or HOLC cirouf?
O HDLC
Enable multiink for the selected
Multilink:  [] encapsulation (PEE or Frame

Eelzp ),

| Res=t | [ apply |

The configuration for Serial 1/1 should be lefthie defaults for almost all situations.
Below is an example of what the Serial specific owands do:

= Mode: Allows configuration for electrical mode (che V.35 or X.21)

= TX Clock: Sets the transmit clock to be eithermal or inverted.

= RX Clock: Sets the receive clock to be either redran inverted.

= ET Clock: Sets the reference clock to normal angmit before transmitting.

= ET Clock Source: Sets external transmit clock sewe could send clocking or
receive clocking).

Main Frame Relay Interface Configuration

After configuring, click apply to enter the next methat allows configuration of the
Layer Two Interface. Below is an example of tharke-Relay page:



Frame Relay Configuration for “fr 1"

Basic configuration for the Frame Relay interface.

Description:

Enabled:

Link
Management
Protocol;

Auta

Wweighted Fair
Queueing:

Interface Type:

{Connect to a switch (DTE) fiw

Connect to a switch (DTE)

Act like a switch (DCE)

Baoth

Physical

Interface: t1 1f1

Qas-policy: Maone

[ Reset | [ Apply |

Description labe!
(optiona!)

Use this to enabie or
disabie this interfaoe,

Select the LMT protoco!
to he used on this
intertace,

e this to enable or
disabie WFAD on this
Dart,

Lse this to set the
slgnaiing role of this
intertace,

Chysical interfaos
connecton for Hhis
fnterface.

Cuthound JoS-Policy

mago.

Like the configuration for the physical interfaceach option above matches a

configuration command for the Frame Relay interfemefiguration mode context. Table

6 shows the configuration commands and how thegmap to CLI commands.

Table 6 Frame Relay Main Interface Configuration

Option CLI Command Explanation

Description description This command adds a
description to the Frame
Relay interface.

Enabled no shutdown/shutdown Enables or Disabkes th

Frame Relay interface.

Link Management Protocol

frame-relay Imi-type
[ansi | auto | cisco | none
0933a]

Defines Frame Relay
2 ignaling type.

Weighted Fair Queueing

fair-queue

Enables WFQ terfaxce.

Interface Type

frame-relay intf-type [dt

eConfigures Frame Relay

| dce | nni]

interface type.

Frame Relay Subinterface Configuration




After configuring the main frame-relay interfaceral down the page and there should
be a box allowing the addition or auto-detectio®®iCs as shown below:

Configured Permanent ¥irtual Circuits for " fr 1™

Use this dialog to create a new DLCI or edit an existing one. To edit an existing DLCI,
click an the iterm in the list below this dialog, Use the Detect PV Cs buttan if the T1 is
already connected to a switch and receiving LMI messages, It may take a minute
or two to receive a valid LMI message, so it may take more than one
attempt to successfully detect any P¥Cs,

Add a PYC

(peteetpvc: ) @

Description

There are no configured PYC's,

Click Add to configure a new PVC. Had we alreadg iPVVCs configured, it would be
shown as below:

Configured Permanent ¥Yirtual Circuits for " fr 1™

ze this dialog to create a new DLCI ar edit an existing ane. Ta edit an existing DLCI,
click on the itern in the list below this dialog, Use the Detect PV Cs button if the T1 is
already connected to a switch and receiving LMI messages. It may take a minute
ot two to receive a valid LMI message, so it may take more than one
attempt to successfully detect any P¥Cs,

Add a P¥C

(bewecpves J©

Description DLCI Status sage

fri.da 16 Inactive Configured

After clicking add, a new page will appear thabai for configuration of the PVC
(Subinterface). Below is an example output from Htreen:



Configuration for "P¥YC"

Basic configuration for the Permanent Yirtual Circuit (DLCI interface).

Description:

Fragment; |0

DLCI Mumber:

BC: (236000
BE: |&4000
16

Frarmne Relay Configuration

Description fabe!
(optiona!)

FRF.12 fragmentation
threshold,

Cormmitted Burst size
(0, 224267224 in
bos)

Excess Burst size
(0. 4224267234 in
bos)

DLl is any number in
the range 1&6-922

As already stated, each setting matches a confignreommand. Table 7 shows how
each setting looks within the CLI:

Table 7 Frame Relay Subinterface Configuration

Option CLI Command Explanation
Description description This command adds a detsenito the
Frame Relay subinterface.

Fragment frame-relay fragment Configures MTU for frames to be
<64..1600> fragmented.

BC frame-relay bc eommitted | Configures CIR.
burst rate>

BE frame-relay be excess Configure EIR.
burst rate>

DLCI Number | frame-relay interface-dlci| Configures DLCI Number.

<dlci>

IP Address Configuration

After configuring the subinterface, scroll down ahdre will be options for configuring
the IP address. There are essentially four difteoptions which are shown below:

IP Settings

Address Type: |

Dynamic DHS:

Static

DHCP
Unnurmbered

Set to Mone' iF
connecting o & Bridge

wyith 1P routing
disabled,

Used to register this
fnterface’s IF address
with & ONS dame.,

[ Reset | [ Apply |




As can be shown, if left to the default, there wik be any IP address on the Frame
Relay interface. If one of the other options iesk&d, more options appear for
configuration. Selecting Static will provide thptions below:

IP Settings
Set to ‘Mone' ¥
; e connecting o 7 Bridoe
Address Type: | Static w with 1P routin
dfsabied,
P Address: (192 | [162 | [1 n It address for this

numbered nterface

Subnet Mask for this

255 |, 1255 |, 1255 | |0 )
Subnet Masl: l numbered interfzce

Used to regqister this
Dynamic DHS: | <disabled= b interface’s 1P address
with & ONS Mame.

[ Reset | [ apply |

Above shows the information provided by configurstgtic addressing. This allows the
option of configuring both the IP address and thbret Mask for the interface. Next,
setting DHCP allows the ability to dynamically rexeean IP address, this option
provides the ability to add a track to the integféfca Default Route is received through
DHCP as shown below:

IP Settings

Set to ‘Mone' ¥
connecting to & Bridge

with IP routing
dfsabied,

Fermoves defzult routes
and ONS servers
configured by DHCE
Track Mame: [<MNone Available= iw when track (s pot
failing. (Ootional
parameter used pith
network monitorng, )

Address Type: | DHCP w

Used to regqister this
Dynamic DNS: | <disabled= b interface’s 1P address
with & ONS Mame.

[ Reset | [ apply |

Besides Static, None, and DHCP, it is also possthtmnfigure the interface as
Unnumbered. This option also allows the optiomwbich interface the Frame Relay
PVC will mimic:



IP Settings

Set to ‘Mone' ¥
connecting to & Bridge

with IP routing
dfsabied,

Select the interface to
.................................. Frsocigte with this
................................. H unnurmnbered 79
interface,

Address Type: | Unnumbered

Lsed fo register this
Dynamic DNS: | <disabled= w Interface’s [P address
with & DMNE Mame,

| Reset | [ apply |

As can be seen, the final option is to configure@&yic DNS. This option is not needed
for Frame Relay configuration, therefore has beawitted from this guide.

Once configuration of the PVC is complete, cliclplgpto set the changes into the
running-configuration.

Saving the Configuration

After Applying all Changes for the Frame-Relay rfdee, it is important to save this
configuration. To do this, click on Save in thgpapright hand corner of the screen. The
screen below shows what this button will look like:

Save Logout
L
Example Configurations
Example 1. Point-to-Point Frame-Relay Configuration

Figure 6 shows an Example of a simple point-to-pairtuit. It is possible to use Frame-
Relay in this application without the use of a FeaRelay switch.

Router A Point-to-Point T1 Router B
EEE— . = =
IP: 10.10.10.1 IP: 10.10.10.2
Central Network Remote Network
192.168.1.0/24 192.168.2.0/24

Figure 6 Point-to-Point Network



Below are three different combinations that cam$ed to configure a Point-to-Point
Frame Relay circuit:

Point-to-Point Using DTE and DCE Interface Types

Earlier in the overview and configuration, the nfdee-type was discussed. The above
setup is a scenario that requires the correctfatertype to be configured. Since frame-
relay by default expects a Frame-Relay switch enother end of the link, it is important
to make sure that one side is set to DTE (Custdreeninal Equipment) and the other
for DCE (Carrier Equipment). Below is an exampbafiguration for both sides of the
Frame-Relay circuit:

Router A

interface eth 0/1
ip address 192.168.1.1 255.255.255.0
no shutdown
|
interface t1 1/1
tdm-group 1 timeslots 1-24 speed 64
no shutdown
|
!
interface fr 1 point-to-point
frame-relay Imi-type ansi
no shutdown
cross-connect 1 t1 1/1 1 frame-relay 1
|
interface fr 1.16 point-to-point
frame-relay interface-dici 16
ip address 10.10.10.1 255.255.255.252!
|

ip route 192.168.2.0 255.255.255.0 10.10.10.2
Router B

interface eth 0/1
ip address 192.168.2.1 255.255.255.0
no shutdown
!
interface t1 1/1
tdm-group 1 timeslots 1-24
no shutdown
I
interface fr 1 point-to-point
frame-relay intf-type dce



frame-relay Imi-type ansi
no shutdown
cross-connect 1 t1 1/1 1 frame-relay 1
|
interface fr 1.16 point-to-point
frame-relay interface-dici 16
ip address 10.10.10.2 255.255.255.252
|

ip route 0.0.0.0 0.0.0.0 10.10.10.1

Notice that in Router A, there is no display foe thterface-type. This is because the
default is DTE.

B. Point-to-Point using NNI Interface Types

Since there is only a slight different between tiaafiguration and the one above, all
irrelevant material has been omitted:

Router A

interface fr 1 point-to-point
frame-relay intf-type nni
frame-relay Imi-type ansi
no shutdown
cross-connect 1 t1 1/1 1 frame-relay 1

Router B

interface fr 1 point-to-point
frame-relay intf-type nni
frame-relay Imi-type ansi
no shutdown
cross-connect 1 t1 1/1 1 frame-relay 1

In the example below, the interface type has beetos\NNI. This allows both routers to
act as both the Frame-Relay switch and the custolvh this setting, it is important
that both sides of the link have been modifieceftect this.

C. Point-to-Point using No LM

Since LMI takes bandwidth off of the line and iPaint-to-Point scenario there is no
need to send this traffic, it is possible to disa\I on the circuit. Below is an example
of this configuration:

Router A



interface fr 1 point-to-point
frame-relay Imi-type none
no shutdown
cross-connect 1 t1 1/1 1 frame-relay 1

Router B

interface fr 1 point-to-point
frame-relay Imi-type none
no shutdown
cross-connect 1 t1 1/1 1 frame-relay 1

Example 2 Hub and Spoke Network With Two Remote Sites

Figure 7 is an example Frame Relay network. Télisgsis quite common when using
Frame Relay. In this setup, there is one hultlséteactually connects the two remote
sites. In this network, the Hub Site has accesath remote site, however, the remotes
must send their traffic to the Hub Site to be rdutethe next site.

Hub Site

DLCI 16: 10.10.10.1/30
DLCI17:10.10.20.1/30

192.168.1.0/24

Frame Relay
Network

DLCI17:10.10.20.2/30

DLCI 16: 10.10.10.2/30

Remote B

Remote A

192.168.3.0/24 192.168.2.0/24
Figure 7 Frame Relay Hub and Spoke Network

For this example, the DLCIs have been set so it fides of the Frame Relay Network
are using the same DLCI as they do at the Hub $}eCls, however, are only locally
significant between the Router and the Frame R®&laych. For this reason, it is
possible that the DLCI at the Hub Site that comméztiRemote A could be DLCI 40 and
the Remote A DLCI number could be DLCI 16.

For the sake of simplicity, it is recommended tdehdLCls with their respective PVCs
for each location as has been shown above. Ilreiample, DLCI 16 at the Hub Site has
been matched to DLCI 16 at the Remote A site. dédfnat the IP Subnet at the Hub Site
for DLCI 16 matches the IP Subnet at Remote Atiat DLCI. Also, DLCI 17 at the



Hub Site matches DLCI 17 at Remote B as can be stgwhe IP Subnets for both of
these as well.

Below is the configuration for the Hub Site:

interface eth 0/1
ip address 192.168.1.1 255.255.255.0
no shutdown
|
interface fr 1 point-to-point
frame-relay Imi-type ansi
no shutdown
cross-connect 1 t1 1/1 1 frame-relay 1
|
interface fr 1.16 point-to-point
frame-relay interface-dici 16
frame-relay bc 512000
frame-relay be 128000
ip address 10.10.10.1 255.255.255.252
|
interface fr 1.17 point-to-point
frame-relay interface-dici 17
frame-relay bc 512000
frame-relay be 128000
ip address 10.10.20.1 255.255.255.252

ip route 192.168.2.0 255.255.255.0 fr 1.16
ip route 192.168.3.0 255.255.255.0 fr 1.17

Notice that there are actually two IP interfacesoamted with interface fr 1. For this
reason, it is possible to route traffic out of eitlof these two connections. In this
example, traffic to 192.168.2.0/24 is being serntfo@.16 while 192.168.3.0 is being
routed out fr 1.17.

Below is the configuration for Remote A:

interface eth 0/1

ip address 192.168.2.1 255.255.255.0
!

interface fr 1 point-to-point



frame-relay Imi-type ansi
no shutdown
cross-connect 1 t1 1/1 1 frame-relay 1
|
interface fr 1.16 point-to-point
frame-relay interface-dici 16
frame-relay bc 512000
frame-relay be 128000
ip address 10.10.10.2 255.255.255.252

ip route 192.168.1.0 255.255.255.0 fr 1.16
ip route 192.168.3.0 255.255.255.0 fr 1.16

Unlike the Hub Site that has two PVCs associatazhtinterface, the remotes will only
have one active PVC which connects each to the si@n Therefore, for Remote A to
connect to Remote B, traffic has to be routed thhoRemote A’s active PVC to the Hub
Site. This is why there are actually two routeéesteents with an outgoing interface of fr
1.16. For brevity, Remote B’s configuration hasmemitted.

Example 3 Frame Relay M ultilink

Adding on to Example 2, it may be necessary toipea full T1 of bandwidth between
each remote to the main location. In this examgateadditional T1 at the Hub Site needs
to be added, and the &nd R at each location need to be modified for each PVC.
Previously, each PVC was only allowed 512K, howgthes site has now upgraded to a
full T1 at the remotes and they need a full Tlh® main location. Figure 8 shows the
Physical Setup for this configuration:



Hub Site

]| > DLCI 16:10.10.10.1/30
192.168.1.0/24 DLCI 17:10.10.20.1/30
Frame Relay
Network
DLCI 16: 10.10.10.2/30 DLCI 17:10.10.20.2/30
Remote A Remote B
192.168.3.0/24 192.168.2.0/24

The oval through the two lines from the Hub Sit¢h® Frame Relay Network shows that
there are actually two T1s in a bundle that gtn®oRrame Relay Network. For brevity,
the configurations for Remote A and Remote B haenlomitted, however, it is
important to note that the Bnd R for each location should be modified to matchkubd
Site.

Below is the configuration at the Hub Site:

interface fr 1 point-to-point
frame-relay Imi-type ansi
frame-relay multilink
no shutdown
cross-connect 1 t1 3/1 1 frame-relay 1
cross-connect 2 t1 3/2 1 frame-relay 1
|
interface fr 1.16 point-to-point
frame-relay interface-dici 16
frame-relay bc 1536000
frame-relay be 8000
ip address 10.10.10.1 255.255.255.252
|
interface fr 1.17 point-to-point
frame-relay interface-dlci 17
frame-relay bc 1536000
frame-relay be 8000
ip address 10.10.20.1 255.255.255.252

Notice that there has been an additional T1 crossiected to the frame-relay interface.
This has doubled the bandwidth for this logicagiface which has in turn allowed the



CIR to be increased at each remote to a singleath.eBecause of this, thefor each
PVC has been modified to show this increase.

Troubleshooting

Frame Relay provides a substantial amount of dabdgshow commands that can all be
useful when trying to troubleshoot a circuit. Thection goes through each of these
commands and debugs and then ends with a few &slubbting scenarios and how these
commands can be used to discover the problemhaivsand debug commands can be
ran from the Privileged Prompt or from any Confagisn Mode by implementing the
word “do” in front of the command. Below is a I&tthe show commands, followed by
a list of the debug commands for Frame Relay:

Show Commands:

show interface frame-relaypsrt> | gport.sublink>

show frame-relay fragment [interface frame-relg@grt.sublink>]

show frame-relay Imi

show frame-relay multilink [ddsskot/port> [detailed] | detailed | elskot/port>
[detailed] | fragment [interface frame-relagokt.sublink> | frame-relay gort> [detailed]
| serial slot/port> [detailed] | shdsl stot/port> [detailed] | t1 slot/port> [detailed]]
show frame-relay pvc [interface frame-relgyort> [realtime] | realtime]

Debug Commands:

debug frame-relay events

debug frame-relay lic2

debug frame-relay Imi

debug frame-relay multilink [frame-relaypert> | serial port/sublink> | states | t1
<slot/port>]

Below is example output for each command:
Show Commands
show interface frame-relay 1

fr 1is UP

Configuration:
Signaling type is ANSI, signaling role is NETVR&
Multilink disabled
Polling interval is 10 seconds,
full inquiry interval is 6 polling intervals

Link information:
5 minute input rate 0 bits/sec, 0 packets/sec
5 minute output rate 8 bits/sec, 0 packets/sec
BW 1536 Kbps



Queueing method: weighted fair
HDLC tx ring limit: 2
Output queue: 0/1/460/64/0 (size/highest/méaiftbreshold/drops)
Conversations 0/1/256 (active/max active/rodal)
Available Bandwidth 1152 kilobits/sec
751 packets input, 43187 bytes
0 pkts discarded, O error pkts, O unknowriquol pkts
928 packets output, 29628 bytes
0 tx pkts discarded, O tx error pkts

Most of the information for this command centersusad the actual status of the link as
well as counters regarding the traffic passingugtothe link. This command can be
helpful in troubleshooting a configuration issuetdists important information that must
match the other end of the Frame-Relay connecti¢mder the “Configuration” section,
it is obvious that this side of the link is confrigd for Signaling of ANSI (frame-relay
Imi-type ansi), the Signaling Role is Network (freurelay intf-type dce), and multilink is
disabled (no fr multilink). The configuration alshows the polling interval and full
inquiry intervals.

Next, this command shows the Link Information foe Frame Relay interface. This

information includes the input and output ratesraged over a 5 minute time period.
This also shows the bandwidth configured on thie line queuing method, as well as
packet input/output counters which includes theatded and errored packets.

show interface frame-relay 1.16

fr 1.16 is Active
Ip address is 10.10.10.2, mask is 255.255.255.252
Interface-dici is 16
MTU is 1500 bytes, BW is 1536 Kbps
Average utilization is 0%
Bc is 1536000 bits
Be is 8000 bits

If the PVC interface is requested, the informapoovided shows the status of the PVC.
In this case, the PVC is active which means thatiitently is in use and is operating
correctly. As has been stated earlier, if thigative, the other side of the link does not
have the PVC configured. If the statuPieted, the PVC is deleted on this side of the
link while the other side is configured for this OL Other information provided
matches the configuration for the PVC includingatRiress, DLCI, MTU, Bandwidth,
and Bc and Be values.

show frame-relay fragment

interface dici frag_size rx_frag tx frag dpegl_frag
fr1.16 16 1200 0 0 0



This command only shows any information if fragna¢iain has actually been configured
on a PVC. The information displayed is a briefd@d the fragmentation on the link and
shows the size of fragmented frames, how many haea received and transmitted, as

well as the number of dropped fragments by thearout

show frame-relay fragment interface frame-relay 1.16

DLCI = 16 FRAGMENT SIZE = 1200

rx frag. pkts 0 txfrag.tpk 0
rx frag. bytes 0 txfrag. byt 0
rx non-frag. pkts 3  tx non-fradts 3
rx non-frag. bytes 642tx non-frag. bytes 603
rx assembled pkts 3 re-fpagment pkts 3
rx assembled bytes 642 rexdfpagment bytes 603
dropped reassembling pkts 0 drogpmginenting pkts 0
rx out-of-sequence fragments 0

rx unexpected beginning fragment 0

Like the “show frame-relay fragment” command, tli®ws information only used for an
individual PVC if fragmentation has been configured this instance, more detailed
information is provided including non-fragmentecakets and bytes which have been
transmitted and received. This information cavésy helpful when certain traffic flows
seem to have intermittent connectivity or if sorpplecations fail after IP connectivity
has been proven.

show frame-relay Imi

LMI statistics for interface FR 1 LMI TYPE = ANSI
Num Status Eng. Sent 970  Num Status Msgs R6@d
Num Update Status Rcvd 83  Num Status Timeadaits 1

This command provides the Imi-type for each fraeley interface listed. It also
provides the number for each type of LMI type thate been sent and received. Among
these are how many status inquiries have beentsamutmany messages and update
statuses have been received. The num status timmeounts the number of periods a
status message was not received.

show frame-relay multilink

Bundle: frame-relay 1 is UP; class A bundle
Near-end BID: MFR1; Far-end BID: MFR1
Bundle links:
Link thru t1 5/1 is UP, link state is UP
Link thru t1 5/2 is UP, link state is UP



As shown above, this command shows the statuséomultilink bundle, the class of the

bundle (A,B, or C, this is documented earlier ia guide), and the Bundle IDs for each
side of the link.

show frame-relay multilink detailed

Bundle: frame-relay 1 is UP; class A bundle
Near-end BID: MFR1; Far-end BID: MFR1
Bundle links:
Link thru t1 5/1 is UP, link state is UP

Cause code: none

Ack timer is 4 seconds, Hello timer is 10@®ts

Max-retry attempts: 2

PeerLIDist13/11, RTTis2ms

Statistics:
add_link sent: 4, add_link received: 3
add_link ack sent: 3, add_link ack receivkd
add_link rej sent: 0, add_link rej received
remove_link sent: 2, remove_link received:
remove_link ack sent: 0, remove_link aatereed: 2
hello sent: 142, hello received: 142
hello ack sent: 142, hello ack receive® 14

Link thru t1 5/2 is UP, link state is UP

Cause code: none

Ack timer is 4 seconds, Hello timer is 10@®&ts

Max-retry attempts: 2

PeerLIDist13/21, RTTis2ms

Statistics:
add_link sent: 4, add_link received: 3
add_link ack sent: 3, add_link ack receivkd
add_link rej sent: 0, add_link rej received
remove_link sent: 2, remove_link received:
remove_link ack sent: 0, remove_link actereed: 2
hello sent: 141, hello received: 140
hello ack sent: 140, hello ack received: 14

This command shows detailed information provided.bl. This information includes
add and remove link updated that have been senteard/ed as well as hellos and hello
acknowledgements that have been sent and recéixaagh LMI for each link.

show frame-relay multilink dds /1 | t1 /1 | shdsl 1/1 | serial /1| el 1/1

Bundle-link thru dds 1/1 is DOWN, link state is DOW
On bundle frame-relay 1, BID: MFR1



All of the above commands will display similar imfioation to the above. Basically, this
command will show the output for one single linkhim the multilink bundle.

show frame-relay multilink dds 1/1 detailed | t1 1/1 detailed | shdsl 1/1 detailed | el
1/1 detailed

Bundle-link thru t1 5/1 is UP, link state is UP
On bundle frame-relay 1, BID: MFR1
Cause code: none
Ack timer is 4 seconds, Hello timer is 10 seconds
Max-retry attempts: 2
Peer LIDistl1 3/11, RTTis2 ms
Statistics:
add_link sent: 4, add_link received: 3
add_link ack sent: 3, add_link ack received: 4
add_link rej sent: 0, add_link rej received: 0
remove_link sent: 2, remove_link received: 0
remove_link ack sent: 0, remove_link ack reedi\2
hello sent: 121, hello received: 120
hello ack sent: 120, hello ack received: 121

This command takes the detailed command from abodecuts the information down to
a single physical link instead of showing all traffor all interfaces.

show frame-relay multilink fragment interface frame-relay 1.16

DLCI = 16 FRAGMENT SIZE= 0

rx frag. pkts 0 tx frag. pkts 0
rx frag. bytes 55 tx frag. byte 0
rx non-frag. pkts 61 tx non-frpgts 57
rx non-frag. bytes 11153 tx non-fragtes 11064
rx assembled pkts 0 tx pre-fraghpkts 57
rx assembled bytes 0 tx pre-fraghbytes 10950
dropped reassembling pkts 0 droppedrieading pkts 0
rx assembly timeouts 54

rx out-of-sequence pkts held 55

rx unexpected beginning fragment 6

This command acts much like the “show frame-refagrnent interface frame-relay 1.16,

however it adds an extra field that shows the nurobassembly timeouts that have been
received by this router.

show frame-relay multilink frame-relay 1



This command is an exact duplicate of the infororafrom a “show frame-relay
multilink,” however, it will only show the bundlef frame-relay 1 if multiple bundles
are configured on one device.

show frame-relay multilink frame-relay detailed

This command is an exact duplicate of the infororafrom a “show frame-relay
multilink detailed,” however, it will only show theundle for frame-relay 1 if multiple
bundles are configured on one device.

show frame-relay pvc

Frame Relay Virtual Circuit Statistics for interéaER 1
Active Inactive Deleted Static
local 1 0 0 1

DLCI = 16, DLCI USAGE = LOCAL, PVC STATUS = ACTIVENTERFACE = FR
1.16

MTU: 1500

input pkts: 74 output pkts: 76 bytes: 14219

out bytes: 14617 dropped pkts: 1 ~ FHCN pkts: O

in BECN pkts: 0 in DE pkts: 0 t@E pkts: 0

Creation time: 01-26-2000 00:35:47 Last stahange: 00W:00D:00H:33M:18S

This command shows each individual PVC including Bi_ClI, the status, the interface
name, and the MTU. It also shows the number oiv&cinactive, Deleted, and
Statically configured PVCs on the box. This comthaan be extremely effective for
other reasons, however, as it shows updates rdtamghgestion. As can be shown,
there are counters that show how many BECNs (Baak&aplicit Congestion
Notifications) and FECNs (Forward Explicit CongestiNotifications). These two
counters are very important as they display if taffic is being dropped due to
overcongestion on the line.

If the router receives a BECN, then it knows that transmitting too much information.
If this occurs consistently, it may be time to takiok at the pand Q. If it happens that
FECNSs are being received, then the remote sidansmitting too much information. In
this case, the Frame Relay switch is notifyingréeeiving side that congestion is
occurring before the traffic reaches its destimatitn the same way as with BECNSs, the
b. and R need to be checked on the far end.

Debug Commands
These debug commands were all taken from wherirtke &re brought up:

debug frame-relay events



Router(config-fr 1)#shutdown
2000.01.26 01:35:39 FRAME_RELAY.LMI Port 1 vc 16ate changed to Inactive
2000.01.26 01:35:39 FRAME_RELAY.LMI fr 1 FRE Hardmganot active

2000.01.26 01:35:39 FRAME_RELAY.MFR LIP Link t1 512 state changed to DOWN
2000.01.26 01:35:39 FRAME_RELAY.MFR LIP Link t1 511 state changed to DOWN
2000.01.26 01:35:39 INTERFACE_STATUS.fr 1 changedesto administratively down
2000.01.26 01:35:39 INTERFACE_STATUS.fr 1 changediesto down

2000.01.26 01:35:39 INTERFACE_STATUS.MFR1 changatksto administratively
down

2000.01.26 01:35:39 INTERFACE_STATUS.MFR1 changatksto down

2000.01.26 01:35:39 FRAME_RELAY.LMI fr 1 FRE Hardweaactive

Router(config-fr 1)#no shutdown

2000.01.26 01:35:44 INTERFACE_STATUS.fr 1 changedesto administratively up
2000.01.26 01:35:44 INTERFACE_STATUS.MFR1 changateso administratively up
2000.01.26 01:35:45 INTERFACE_STATUS.MFR1 changeatksto up

2000.01.26 01:35:49 FRAME_RELAY.MFR LIP Link t1 512 state changed to UP
2000.01.26 01:35:49 FRAME_RELAY.MFR LIP Link t1 511 state changed to UP
2000.01.26 01:35:51 FRAME_RELAY.LMI Port 1 vc 16C\WL6 is inactive because the
port is down.

2000.01.26 01:35:51 FRAME_RELAY.LMI Port 1 vc 16hd switch reports VC 16 as
inactive.

2000.01.26 01:35:51 FRAME_RELAY.LMI fr 1 coming with last good Rx seg# 44
2000.01.26 01:35:52 INTERFACE_STATUS.fr 1 changedesto up

2000.01.26 01:36:01 FRAME_RELAY.EVENTS fr 1.16 (tl)RP request sent
2000.01.26 01:36:11 FRAME_RELAY.LMI Port 1 vc 16C\M16 is inactive due to DTE
signaling.

2000.01.26 01:36:11 FRAME_RELAY.LMI Port 1 vc 16hd switch reports VC 16 as
active.

2000.01.26 01:36:11 FRAME_RELAY.LMI Port 1 vc 16ate changed to Active
2000.01.26 01:36:15 FRAME_RELAY.EVENTS fr 1.16 (tidRP request sent
2000.01.26 01:36:15 FRAME_RELAY.EVENTS fr 1.16 (ri)RP response from
10.10.10.2

This debug updates on general information regarttiadink. In this case, the
information shown revolves around a frame-relagriiatce being dropped and then
brought back up. Some of the output includedestitme and date for each instance,
what process was involved in the event (i.e. FRARELAY.MFR LIP), and the event
that occurred. This information is a little morgful than event messages that appear
on the screen as it constantly is updated.

debug frame-relay Ilc2

debug frame-relay Imi



2000.07.30 20:09:43 FRAME_RELAY.LMI fr 1 DTE: F#itatus Inquiry
2000.07.30 20:09:43 FRAME_RELAY.LMI fr 1 Tx LMI l@t seq: 63 remote seq: 2
2000.07.30 20:09:44 FRAME_RELAY.LMI fr 1 Rx LMI lat seq: 63 remote seq: 3

2000.07.30 20:09:44 FRAME_RELAY.LMI Port 1 vc 16C\WL6 is inactive because the
port is down.

2000.07.30 20:09:44 FRAME_RELAY.LMI Port 1 vc 16C\6 is inactive due to DTE
signaling.

2000.07.30 20:09:44 FRAME_RELAY.LMI Port 1 vc 16hd switch reports VC 16 as
inactive.

2000.07.30 20:09:44 FRAME_RELAY.LMI Port 1 vc 16TB signaling taking down
VC 16

2000.07.30 20:09:53 FRAME_RELAY.LMI fr 1 DTE: F#itatus Inquiry
2000.07.30 20:09:53 FRAME_RELAY.LMI fr 1 Tx LMI l@t seq: 64 remote seq: 3
2000.07.30 20:09:54 FRAME_RELAY.LMI fr 1 Rx LMI lat seq: 64 remote seq: 4

2000.07.30 20:09:54 FRAME_RELAY.LMI Port 1 vc 16C\ML6 is inactive because the
port is down.

2000.07.30 20:09:54 FRAME_RELAY.LMI Port 1 vc 16C\6 is inactive due to DTE
signaling.

2000.07.30 20:09:54 FRAME_RELAY.LMI Port 1 vc 16hd switch reports VC 16 as
inactive.

2000.07.30 20:09:54 FRAME_RELAY.LMI Port 1 vc 16TE signaling taking down
VC 16

2000.07.30 20:10:03 FRAME_RELAY.LMI fr 1 DTE: F#itatus Inquiry
2000.07.30 20:10:03 FRAME_RELAY.LMI fr 1 Tx LMI l@t seq: 65 remote seq: 4
2000.07.30 20:10:04 FRAME_RELAY.LMI fr 1 Rx LMI lat seq: 65 remote seq: 5

2000.07.30 20:10:04 FRAME_RELAY.LMI Port 1 vc 16C\WL6 is inactive because the
port is down.



2000.07.30 20:10:04 FRAME_RELAY.LMI Port 1 vc 16C\W6 is inactive due to DTE
signaling.

2000.07.30 20:10:04 FRAME_RELAY.LMI Port 1 vc 16h& switch reports VC 16 as
inactive.

2000.07.30 20:10:04 FRAME_RELAY.LMI Port 1 vc 16TB signaling taking down
VC 16

2000.07.30 20:10:04 FRAME_RELAY.LMI fr 1 coming woth last good Rx seg# 5

2000.07.30 20:10:04 FRAME_RELAY.LMI Port 1 vc 16C\M6 is inactive due to DTE
signaling.

2000.07.30 20:10:04 FRAME_RELAY.LMI Port 1 vc 16hd switch reports VC 16 as
active.

2000.07.30 20:10:04 FRAME_RELAY.LMI fr 1 FRE Rx asystatus msg

2000.07.30 20:10:04 FRAME_RELAY.LMI Port 1 vc 16TE signaling wants to bring
up VC 16

2000.07.30 20:10:04 FRAME_RELAY.LMI Port 1 vc 16ate changed to Active

As can be seen, this information is regarding tleesages that are being sent and
received through the use of LMI. Besides just shgvthis, it also provides status
changes for each PVC. To know what interface @aefsage is applied to, it is
important to look at the Port listed after FRAME_IR¥Y.LMI. This with the addition
of vc 16 lets you know these messages are for OLB8GIn port 1 (interface fr 1.16).

debug frame-relay multilink

2000.02.01 19:47:03 FRAME_RELAY.MULTILINK (O): msg¥®D_LINK, Link=t1
5/1 1, Bundle=MFR1, BL state=IDLE
2000.02.01 19:47:03 FRAME_RELAY.MULTILINK (O): msgs®D_LINK, Link=t1
5/2 1, Bundle=MFR1, BL state=IDLE

2000.02.01 19:47:03 FRAME_RELAY.LMI Port 1 vc 16ate changed to
Active2000.02.01 19:47:03 FRAME_RELAY.MULTILINK (1)
msg=ADD_LINK_ACK, Link=t1 5/1 1, Bundle=MFR1, BLate=ADD_SENT
2000.02.01 19:47:03 FRAME_RELAY.MULTILINK (I): msg&DD_LINK_ACK,
Link=t1 5/2 1, Bundle=MFR1, BL state=ADD_SENT

Router(config-fr 1)#

2000.02.01 19:47:03 INTERFACE_STATUS.fr 1 changedesto administratively up



2000.02.01 19:47:03 INTERFACE_STATUS.MFR1 changatksto administratively
up2000.02.01 19:47:04 FRAME_RELAY.MULTILINK (1): ngssADD_LINK, Link=t1
5/2 1, Bundle=MFR1, BL state=ACK_RX

2000.02.01 19:47:04 FRAME_RELAY.MULTILINK (O): msg©D_LINK_ACK,
Link=t1 5/2 1, Bundle=MFR1, BL state=ACK_RX

2000.02.01 19:47:04 FRAME_RELAY.MFR LIP Link t1 512 state changed to
UP2000.02.01 19:47:04 FRAME_RELAY.MULTILINK (I): ngssADD_LINK, Link=t1
5/1 1, Bundle=MFR1, BL state=ACK_RX

2000.02.01 19:47:04 FRAME_RELAY.MULTILINK (O): msg©D_LINK_ACK,
Link=t1 5/1 1, Bundle=MFR1, BL state=ACK_RX

2000.02.01 19:47:04 FRAME_RELAY.MFR LIP Link t1 5I1: state changed to UP
2000.02.01 19:47:04 INTERFACE_STATUS.fr 1 changediesto up
2000.02.01 19:47:04 INTERFACE_STATUS.MFR1 changatkeso up

This information basically shows when which messag@l for which link the messages
have been sent to be added to the Frame RelajaiceerAfter the Frame Relay interface
comes up, there is are two messages sent requéstitigks be added to the Bundle
MFR1. Those two links are t1 5/1 and t1 5/2. Aftes, the far end responds with an
acknowledgement. Within these debug messageg, thartitle of the debug message
(FRAME_RELAY.MULTILINK), after that, there is theetter “I” or “O” listed in
parenthesis. This letter represents the dire¢tierdebug message is for. “O” would
represent a message being sent by the router, Whikpresents a message incoming to
the router. Once the links have been added andctreowledgements have been sent
and received for each link, the debug commandlstabiand then only displays debugs
for each LMI Hello message as shown below:

2000.02.01 19:52:54 FRAME_RELAY.MULTILINK (I): msd#ELLO, Link=t1 5/1 1,
Bundle=MFR1, BL state=UP

2000.02.01 19:52:54 FRAME_RELAY.MULTILINK (O): ms@#tELLO_ACK, Link=t1
5/1 1, Bundle=MFR1, BL state=UP

debug frame-relay multilink frame-relay <port>

This command works the same as the command abebedgdrame-relay multilink),
however, this command will only show the outputdaitebug of this one multilink
bundle, instead of all frame-relay multilink burslien the router.

debug frame-relay multilink states

2000.02.01 19:56:48 FRAME_RELAY.MULTILINK Link t1/3 1 state change: old
state=IDLE, new state=ADD_SENT
2000.02.01 19:56:48 FRAME_RELAY.MULTILINK Link t1/2 1 state change: old
state=IDLE, new state=ADD_SENT



2000.02.01 19:56:48 FRAME_RELAY.MULTILINK Link t1/3 1 state change: old
state=ADD_SENT, new state=ACK_RX

2000.02.01 19:56:48 FRAME_RELAY.MULTILINK Link t1/2 1 state change: old
state=ADD_SENT, new state=ACK_RX

2000.02.01 19:56:48 INTERFACE_STATUS.fr 1 changedesto administratively up
2000.02.01 19:56:48 INTERFACE_STATUS.MFR1 changatesto administratively up
2000.02.01 19:56:49 INTERFACE_STATUS.MFR1 changatksto up

2000.02.01 19:56:52 FRAME_RELAY.MULTILINK Link t1/3 1 state change: old
state=ACK_RX, new state=UP

2000.02.01 19:56:52 FRAME_RELAY.MFR LIP Link t1 511 state changed to UP
2000.02.01 19:56:52 FRAME_RELAY.LMI Port 1 vc 16C\WL6 is inactive because the
port is down.

2000.02.01 19:56:52 FRAME_RELAY.LMI Port 1 vc 16hd switch reports VC 16 as
inactive.

2000.02.01 19:56:52 FRAME_RELAY.LMI fr 1 coming wpth last good Rx seqg# 63
2000.02.01 19:56:53 FRAME_RELAY.MULTILINK Link t1/2 1 state change: old
state=ACK_RX, new state=UP

2000.02.01 19:56:53 FRAME_RELAY.MFR LIP Link t1 512 state changed to UP
2000.02.01 19:56:53 INTERFACE_STATUS.fr 1 changedesto up

This command shows every state change for the \itksn the bundle. Notice the first
message shows “Link t1 5/1 1” as moving from theesihte of IDLE to ADD_SENT.
As the negotiation continues, the router will evatiy move the link to UP:

2000.02.01 19:56:52 FRAME_RELAY.MULTILINK Link t1/3 1 state change: old
state=ACK_RX, new state=UP

This command can be helpful in monitoring the ftatfieach link without having to
fight through LMI messages that can be difficultadbow. Although this command does
not give any idea on what is being sent to theratlte or how often LMI messages are
being sent, it does show if t here is a continuatblem with a certain link that continues
to change states.

debug frame-relay multilink [hssi <port> | t1 <dlot/port> | t3 <dlot/port> | el
<slot/port> | dds <slot/port>]

Much like “debug frame-relay multilink frame-relayport>,” this command will also
show the debug information for just part of thewwk. In this case, the only debug
information displayed will consist of whichever pa& mentioned.

Common Frame-Relay Problems

In some situations, it may happen that there iseirto use the above debug and show
commands above to troubleshoot a particular isaueelmk. Below are sample scenarios
and the symptoms that cause them followed by agsexb solutions.



No LMI Being Received

The most common problem with Frame Relay is that Idvhot being received from the
far end. There are two or three reasons that magecthis to happen. Below are
common reasons why a Frame Relay interface magenceceiving LMI:

* LMI Mismatch
* Administratively Down Frame Relay Interface on Ead

The following shows how to check each issue tofyehie configuration is correct:
LMI Mismatch

LMI Mismatch can be verified for each side by domtshow interface frame-relay
<port>.” Below is an example of the output, the LMI &yfor this side has been put in
bold:

fr 1is DOWN
Configuration:
Signaling type i€1SCO, signaling role is BOTH
Multilink disabled
Polling interval is 10 seconds,
full inquiry interval is 6 polling intervals
Link information:
5 minute input rate 48 bits/sec, 0 packets/sec
5 minute output rate 48 bits/sec, 0 packets/sec
BW 1536 Kbps
Queueing method: weighted fair
HDLC tx ring limit: 2
Output queue: 0/1/428/64/0 (size/highest/méaiftbreshold/drops)
Conversations 0/1/256 (active/max active/rodal)
Available Bandwidth 1152 kilobits/sec
358 packets input, 14362 bytes
1 pkts discarded, O error pkts, O unknowriqumol pkts
372 packets output, 14892 bytes
1 tx pkts discarded, O tx error pkts

To fix this issue, issue the following command frtme Frame-Relay interface
configuration mode context:
frame-relay Imi-type <type>

Administratively Down Frame-Relay Interface on Far End

After configuration, it is possible that the interé may not have been turned up. To
verify the far end has been turned up, do a “shaeriace” on the port. If the port is



administratively down, enter the following commdmain the Frame-Relay interface
configuration mode context:

Router (config-fr 1.1)#no shutdown
DLCI Staysln An Inactive State

If a DLCI stays in an Inactive state, there is adjochance the other side is either
configured for a different DLCI or has not been fogured at all. To verify this setup,
either of the two following commands can be helpful

show frame-relay pvc
or
show interface frame-relayngmber.subinterface number>

In an instance where a DLCI number has been migpme(d, the following output may
be seen from a “show frame-relay pvc”:

Frame Relay Virtual Circuit Statistics for interéaER 1
Active Inactive Deleted Static
local 0 1 1 2

DLCI =17, DLCI USAGE = LOCAL, PVC STATUS = DELETEDNTERFACE = FR
1.1

MTU: 1500

input pkts: 0 output pkts: 1 bytes: O

out bytes: 198  dropped pkts: 0  FHCN pkts: 0

in BECN pkts: 0 in DE pkts: 0 t@E pkts: 0

Creation time: 08-06-2000 15:36:46 Last statenge: 00W:00D:00H:00M:01S

DLCI = 16, DLCI USAGE = UNUSED, PVC STATUS = INACVE, INTERFACE =
FR 1.2

MTU: 1500

input pkts: 0 output pkts: 0 bytes: O

out bytes: 0 dropped pkts: 0 FECN pkts: 0

in BECN pkts: 0 in DE pkts: 0 t@E pkts: 0

Creation time: 08-06-2000 15:36:48 Last statenge: 00W:00D:00H:00M:01S

This shows that the far side has been set to DBGirice it shows INACTIVE, however
the local has been set to DELETED since the fraseyrswitch does not have that DLCI
created. A simple resolution to this issue wowddrodifying the Frame-Relay DLCI
under the Frame-Relay subinterface configuratiodermntext:

Router (config-fr 1.1)#frame-relay interface-dlci 16



DL Cl Becomes Active, But Traffic Will Not Pass

In many situations where there is a provider onféinend of the connection, there may
be a device configured for a proprietary versiofri@me Relay. In this instance, it is
possible that the Frame Relay interface may comandpthe DLCI will become active.
However, no traffic will pass across the interfacall NetVanta products only support
the IETF standard Frame Relay encapsulation. instance where the provider is the
Far End, it will be necessary to coordinate withnthto have their configuration changed
to match the IETF standard.

Congestion on Frame Relay Interface

Oftentimes, a Frame Relay interface may be oveddadth traffic. In this instance,
BECNs and FECNs may be sent out by the Frame Flatgh. Any traffic during this
instance that is Discard Eligible may be droppedhegySwitch. In response to this, a
BECN (Backward Explicit Congestion Notification) libe sent towards the transmitting
end. These can be monitored through the use sii@a frame-relay pvc”:

Frame Relay Virtual Circuit Statistics for interéaER 1
Active Inactive Deleted Static
local 1 0 0 1

DLCI = 16, DLCI USAGE = LOCAL, PVC STATUS = ACTIVENTERFACE = FR
1.1

MTU: 1500

input pkts: 1 output pkts: 2 biytes: 30

out bytes: 228  dropped pkts: 0  FHCN pkts: 0

in BECN pkts: 0 in DE pkts: 0 t@E pkts: 0

Creation time: 08-06-2000 15:46:27 Last statenge: 00W:00D:00H:00M:06S

If the in BECN pkts shows anything but a 0, thems heen congestion towards the
Frame-Relay switch. In this instance, it may beessary to configure the CIR and
Excess Burst Rate correctly. The commands forigonhg these two commands are
shown below:

Router (config-fr 1.1)#rame-relay bc <CIR Rate>

Router (config-fr 1.1)#frame-relay be <Excess Rate>

More information regarding these two commands @afobnd above under the section
labeled “Configuring Frame Relay Traffic Shaping.



