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Objective

Configure a router as a Frame Relay switch, connecting two routers in a point-to-point topology.

Scenario

You are the network engineer for the Air Guitar Company, preparing to 
deploy Frame Relay as the primary connectivity for the company WAN. While waiting for the service provider to provision T1 lines, you create router configurations in advance. Since you do not have access to a Frame Relay switch, you must configure a Cisco router as a Frame Relay switch to test router configurations. Your network will use IGRP, autonomous system number 234, to advertise LANs at each location.

Step 1

Before beginning this lab, it is recommended that you reload each router after erasing its startup configuration. This prevents you from having problems caused by residual configurations. Once you have prepared the equipment, proceed with Step 2. This lab assumes Cisco IOS version 11.2 or later is running on all routers.

Step 2

Configure the Frame Relay switch with static mapping necessary to switch 
packets along the appropriate PVC.

Start by enabling frame-relay switching on the router (RTB) acting as the service 
provider Frame Relay cloud.

FRswitch(config)#frame-relay switching
The remaining configurations on the Frame Relay switch are interface-specific. On both serial interfaces, encapsulate frames as Frame Relay, define the interface as a Frame Relay DCE. Here’s an example:

FRswitch(config)#interface serial 0

FRswitch(config-if)#encapsulation frame-relay
FRswitch(config-if)#frame-relay intf-type dce

Frame Relay switches identify inbound frames by their data-link connection identifier (DLCI). The DLCI is then referenced in a switching table to determine the outbound port. To statically define an end-to-end PVC between RTA and RTC, a static route needs to be configured for each serial interface, as shown here:

FRswitch(config)#interface serial 0

FRswitch(config-if)#frame-relay route 18 interface serial 1 16
FRswitch(config-if)#interface serial 1

FRswitch(config-if)#frame-relay route 16 interface serial 0 18
The switch logic says, “if frame inbound interface serial 0 is labeled DLCI 18, then send outbound interface serial 1 labeled with DLCI 16.” For traffic traveling in the opposite direction, “if frame inbound interface serial 1 is labeled DLCI 16, then send outbound interface serial 0 labeled with DLCI 18.” This can be seen with show frame-relay route on the switch, as shown here

FRswitch#show frame-relay route
Input Intf      Input Dlci      Output Intf     Output Dlci     Status

Serial0         18              Serial1         16              active

Serial1         16              Serial0         18              active

Step 3

Next, configure RTA with IP addresses and a routing protocol as shown in the diagram. Because the default encapsulation for Cisco routers is HDLC, interface serial 1 needs to be configured for Frame Relay encapsulation, as shown here:

RTA(config)#interface serial 1
RTA(config-if)#encapsulation frame-relay

RTA(config-if)#ip address 192.168.192.1 255.255.255.0
RTA(config-if)#exit

RTA(config)#router igrp 234
RTA(config-router)#network 192.168.0.0

RTA(config-router)#network 192.168.192.0

Configure RTC using the same command syntax.

Step 4

Use extended pings and show ip route to test Frame Relay connectivity and IGRP route propagation.

RTC#show ip route
Gateway of last resort is not set

C    192.168.192.0/24 is directly connected, Serial0

C    192.168.200.0/24 is directly connected, Ethernet00

I    192.168.0.0/24 [100/80135] via 192.168.192.1, 00:00:25, 

Serial0/0

RTC#ping
Protocol [ip]:

Target IP address: 192.168.0.1
Repeat count [5]: 20
Datagram size [100]:

Timeout in seconds [2]:

Extended commands [n]: y
Source address or interface: 192.168.200.1
Type of service [0]:

Set DF bit in IP header? [no]:

Validate reply data? [no]:

Data pattern [0xABCD]:

Loose, Strict, Record, Timestamp, Verbose[none]:

Sweep range of sizes [n]:

Type escape sequence to abort.

Sending 20, 100-byte ICMP Echos to 192.168.0.1, timeout is 2 

seconds:

!!!!!!!!!!!!!!!!!!!!

Success rate is 100 percent (20/20), round-trip min/avg/max = 

64/64/68 ms

RTC#

That is all it takes to configure an end-to-end Frame Relay network. This is a simple process, due to the ability of Cisco routers to dynamically learn information from the adjacent Frame Relay switch and neighboring routers. Also, realize the router is using default values for Frame Relay variables that are not explicitly configured.

Step 5

Many variables were defined through default configuration and discovery, but you can still view those default values for Frame Relay encapsulation type, DLCI mapping, and LMI on RTA.

Cisco routers support two Frame Relay encapsulation types: Cisco and IETF (Internet Engineering Task Force). Cisco is a proprietary encapsulation type; IETF is standards based. Use IETF whenever connecting to a non-Cisco router through a Frame Relay PVC. Since Frame Relay encapsulation type has not been defined, the default must be in use. Issue show interface serial 1 on RTA, as shown:

RTA#show interface serial 1
Serial1/0 is up, line protocol is up 

  Hardware is PowerQUICC Serial

  Internet address is 192.168.192.1/24

  MTU 1500 bytes, BW 1544 Kbit, DLY 20000 usec, 

     reliability 255/255, txload 1/255, rxload 1/255

  Encapsulation FRAME-RELAY, loopback not set

  Keepalive set (10 sec)

!

<output ommited>

In the above output, there is no indication of the encapsulation type other than FRAME-RELAY. Change RTA Serial 0 Frame Relay encapsulation type to IETF and show interface serial 1 again.

RTA(config)#interface serial 1
RTA(config-if)#encapsulation frame-relay ietf
RTA#show interface serial 1
Serial1 is up, line protocol is up 

  Hardware is PowerQUICC Serial

  Internet address is 192.168.192.1/24

  MTU 1500 bytes, BW 1544 Kbit, DLY 20000 usec, 

     reliability 255/255, txload 1/255, rxload 1/255

  Encapsulation FRAME-RELAY IETF, loopback not set

  Keepalive set (10 sec)

!

<output ommited>

In the above output, the IETF encapsulation type is declared. Thus, if you see only FRAME-RELAY, the router must be using the default encapsulation type, Cisco. Change the encapsulation type back to Cisco by not specifying a type.

RTA(config)#interface serial 1
RTA(config-if)#encapsulation frame-relay
DLCIs identify unique permanent or switched virtual circuits (PVCs or SVCs). One device can support DLCIs ranging from 16-1007. The complete DLCI range is 0-1023, with 0-15 and 1008-1023 reserved for special purposes. Example: Multicasts are identified with 1019 and 1020.

Issue the show frame-relay map command on RTA, as shown here:

RTA#show frame-relay map
Serial1 (up): ip 192.168.192.2 dlci 18(0x12,0x420), dynamic,

              broadcast,, status defined, active

“Mapping” is the association between a DLCI and its next-hop network address.  The router logic says, “if routing to next-hop 192.168.192.2, tag frame with DLCI 18.” The Frame Relay switch does not understand IP addressing, but does know where to send frames tagged as DLCI 18. Recall the switch logic from Step 2.

1. Given the minimal commands executed on RTA, how does the router know which DLCI to use, and the IP address of the next-hop router using that PVC?

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________

DLCIs have to be configured on the Frame Relay switch. If DLCIs are not configured on the router, they are learned dynamically from the switch through LMI (defined below). Once the router has a DLCI number identifying a virtual circuit, the router sends an Inverse ARP through that circuit requesting information from whatever DTE (router) is on the other end. When the process is completed in both directions, the circuit is ready for traffic.

Link Management Interface (LMI) is the layer-two protocol between the DTE (the router) and a DCE (switch), exchanging keepalives every 10 seconds, with DLCI information conveyed every 60 seconds. There are three different LMI types: Cisco, ANSI, and Q933a. DTE devices must match the LMI type of the DCE.  Since you did not explicitly configure the LMI type on the switch, the network must be using the default LMI type. Execute show frame-relay lmi on RTA.

RTA#show frame-relay lmi
LMI Statistics for interface Serial0 (Frame Relay DTE) LMI TYPE 

= CISCO
  Invalid Unnumbered info 0             Invalid Prot Disc 0

  Invalid dummy Call Ref 0              Invalid Msg Type 0

  Invalid Status Message 0              Invalid Lock Shift 0

  Invalid Information ID 0              Invalid Report IE Len 0

  Invalid Report Request 0              Invalid Keep IE Len 0

  Num Status Enq. Sent 325              Num Status msgs Rcvd 326

  Num Update Status Rcvd 0              Num Status Timeouts 0

The default LMI type is Cisco. Note that LMI type is interface-specific. This same router could use a different LMI type on another serial interface; perhaps when connected to a second Frame-Relay switch for redundancy. The LMI type is also identified by a DLCI, communicated from the switch to the router.

2. Which DLCI is used by the Cisco LMI type?

________________________________________________________________________

If you don’t already know the answer, issue the show interface serial 1 
command on RTA, as shown here:

RTA#show interface serial 1

Serial1 is up, line protocol is up 

  Hardware is PowerQUICC Serial

  Internet address is 192.168.192.1/24

  MTU 1500 bytes, BW 1544 Kbit, DLY 20000 usec, 

     reliability 255/255, txload 1/255, rxload 1/255

  Encapsulation FRAME-RELAY, loopback not set

  Keepalive set (10 sec)

  LMI enq sent  109, LMI stat recvd 109, LMI upd recvd 0, DTE 

LMI up

  LMI enq recvd 0, LMI stat sent  0, LMI upd sent  0

  LMI DLCI 1023  LMI type is CISCO  frame relay DTE

  Broadcast queue 0/64, broadcasts sent/dropped 36/0, interface 

broadcasts 17

  Last input 00:00:05, output 00:00:05, output hang never

  Last clearing of "show interface" counters 00:18:15

!

<output ommited>

The Cisco LMI type uses DLCI 1023.

Frame Relay can be implemented in four basic topologies: point-to-point, hub-and-spoke (star), full mesh, and partial mesh. Frame Relay is easy to configure in a simple topology, but it has many variations. Complication is introduced when multiple PVCs share one physical interface or when implementing a Non-Broadcast Multiple-Access Network (NBMA) over Frame Relay. Common variations are addressed in the following labs.
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