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Status of this Meno

Thi s document specifies an Internet standards track protocol for the
Internet conmunity, and requests discussion and suggestions for

i mprovenents. Please refer to the current edition of the "Internet
O ficial Protocol Standards" (STD 1) for the standardization state
and status of this protocol. Distribution of this nenmo is unlimted.

Abst ract

This menmo describes the ATM call control signaling exchanges needed
to support Classical IP over ATMinpl enentations as described in RFC
1577 [LAUB94]. ATM endpoints will incorporate ATM signaling services
as specified in the ATM Forum User-Network Interface (UN)
Specification Version 3.1 [ATMF94]. | P over ATM i npl enent ati ons
utilize the services of |local ATMsignaling entities to establish and
rel ease ATM connections. This nmenmp shoul d be used to define the
support required by IP over ATMinpl enentations fromtheir |ocal ATM
signaling entities.

Thi s docunent is an inplenmentors guide intended to foster

i nteroperability anong RFC 1577, RFC 1483, and UNI ATM signaling. It
applies to I P hosts and routers which are al so ATM endsyst ens and
assunes ATM networks that conpletely inplenent the ATM Forum UNI
Specification Version 3.1. Unless explicitly stated, no distinction
is made between the Private and Public UNI .
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UNI 3.1 is considered an erratumto the UNI 3.0 specification. It has
been produced by the ATM Forum | argely for reasons of alignnent with
Recomendati on Q 2931. Although UNI 3.1 is based on UNI 3.0 there are
several changes that make the two versions inconpatible. A
description of how to support IP over ATMusing UNI 3.0 is found in
Appendi x B.
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1

Conventi ons

The foll owi ng | anguage conventions are used in the itens of
specification in this document:

o

2.

MUST, SHALL, or MANDATORY -- the itemis an absol ute requirenent
of the specification

SHOULD or RECOMMEND -- this item SHOULD generally be foll owed for
al |l but exceptional circunstances.

MAY or OPTIONAL -- the itemis truly optional and MAY be fol |l owed
or ignored according to the needs of the inplenentor.

Overvi ew

In a Switched Virtual Connection (SVC) environnment, ATMvirtua
channel connections (VCCs) are dynamically established and rel eased
as needed. This is acconplished using the ATM cal | /connection contro
signaling protocol, which operates between ATM endsystens and the ATM
network. The signaling entities use the signaling protocol to
establish and rel ease calls (association between ATM endpoi nts) and
connections (VCCs). Signaling procedures include the use of
addressing to |l ocate ATM endpoints and al |l ocation of resource in the
network for the connection. It also provides indication and
negoti ati on between ATM endpoints for selection of end-to-end
protocols and their parameters. This nmeno describes how the
signaling protocol is used in support of IP over ATM and, in
particul ar, the informati on exchanged in the signaling protocol to
ef fect this support.

| P address to ATM address resolution and routing issues are not in
the scope of this neno, and are treated as part of IPin figure 1

Per ez,

| |<--->| 1P/ ARP |
<--->| This | | RFC 1577 |
ATM

Figure 1.
Rel ati onship of this nmenpo to I P, RFC 1483,
ATM si gnal i ng, ATM and AAL5

Li aw, Mankin, Hoffman, G ossman & Malis [ Page 3]



RFC 1755 ATM Si gnal i ng Support for IP over ATM February 1995

3. Use of Protocol Procedures

The foll owing requirenments are notivated to provide inplenmentation
gui del i nes on how mul ti pl e ATM connecti ons between peer systens
SHOULD be managed, to prevent connection thrashing and rel ated
probl ens.

3.1. VC Establishment

The owner of an existing VCCis defined to be the entity within the
ATM endsystem t hat establishes the connection. An ATM endsystem MAY
establish an ATMcall when it has a datagramto send and either there
is no existing VCC that it can use for this purpose, it chooses not
to use an existing VCC, (e.g., for reasons of route optimnzation or
quality of service), or the VCC owner does not allow sharing.

To reduce the | atency of the address resolution procedure at the
called station, the followi ng procedure MAY be used:

If a VCC is established using the LLC/ SNAP encapsul ation, the calling
endstation of the VCC MAY send an | nARP_REQUEST to the called
endstation after the connection is established (i.e. received a
CONNECT message) and before the calling endstation sends the first
data packet. In addition, the calling endstation MAY send its data
packets without waiting for the InARP_REPLY. An endstation MAY
respond, generate, and nanage its ATMARP table according to the
procedures specified in RFC1293 [ BRAD92], Section 7, "Protoco
Qperation”, during the life tine of the VCC.

To avoid establishing nultiple VCCs to the sane endstation, a called
endstati on MAY associate the calling party number in the SETUP
nessage with the established VCC. This VCC MAY be used to transmt
dat a packets destined to a endstati on whose ATMARP resolution results
in an ATM address that is the same as the associated calling party
nunber. Sharing of VCCs is subject to the policies configured at the
endstation as described in section 4.3 of this recommendation

3.2. Miltiprotocol Support on VCs

When two ATM endsystens run multiple protocols, an ATM connection MAY
be shared ampbng two or nore datagram protocol entities, as long as
the VCC owner allows sharing and if the encapsul ation all ows proper
nmul tipl exing and denul tiplexing (i.e. the LLC SNAP encapsul ation).
Thi s indication of sharing a VCC MAY be by configuration or via an
APl . Simlarly, the Internet |ayer supports nultiplexing of nultiple
end-to-end transport sessions. To properly detect idle connections
whi |l e sharing a VCC anong nore than one higher |ayer protoco
entities, the ATM endsystem MJUST nonitor the traffic at the | owest
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mul ti pl exi ng | ayer.
3.3. Support for Multiple VCs

An ATMARP server or client MAY establish an ATMcall when it has a
datagramto send and either there is no existing VCC that it can use
for this purpose, it chooses not to use an existing VCC, or the owner
of the VCC does not allow sharing. Note that there m ght be VCCs to
the destination which are used for IP, but an ARP server nmight prefer
to use a separate VCC for ARP only. The ATMARP server or client MAY
mai ntain or release the call as specified in RFC 1577. However, if
the VCC is shared anong several protocol entities, the ATMARP client
or server SHALL NOT di sconnect the call as suggested in RFC 1577.

Systens MJST be able to support multiple connections between peer
systens (w thout regard to which peer systeminitiated each
connection). They MAY be configured to only allow one such
connection at a tine.

If a receiver accepts nmore than one call froma single source, that
recei ver MJST then accept incoming PDUs on the additiona
connection(s), and MAY transnmit on the additional connections.
Recei vers SHOULD NOT accept the incomng call, only to close the
connection or ignore PDUs fromthe connection

Because opening multiple connections is specifically all owed,
algorithms to prevent connection call collision, such as the one
found in section 8.4.3.5 of 1SOI1EC 8473 [I1SO8473], MJIST NOT be
i mpl enent ed.

Wi le allowing multiple connections is specifically desired and
al | owed, inplenentations MAY choose (by configuration) to permt only
a single connection to sone destinations. Only in such a case, if a

colliding incoming call is received while a call request is pending,
the incom ng call MJUST be rejected. Note that this MAY result in a
failure to establish a connection. |In such a case, each system MJST

wait at |east a configurable collision retry tine in the range 1 to
10 seconds before retrying. Systens MJST add a random i ncrenent,
wi th exponential backoff.
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3.4. VC Teardown

Ei t her endsystem MAY cl ose a connection. If the connection is closed
or reset while a datagramis being transmtted, the datagramis | ost.
Systens SHOULD be able to configure a m ninmum holding tine for
connections to remain open as long as the endpoints are up. (Note
that holding time, the tinme the connection has been open, differs
fromidle time.) A suggested default value for the m ni mum hol di ng
time is 60 seconds.

Because sone public networks MAY charge for connection holding tine,
and connections MAY be a scarce resource in sone networks or
endsystens, each systeminplenenting a Public ATM UNI interface MJUST
support the use of a configurable inactivity timer to clear
connections that are idle for some period of tine. The timer’s range
SHOULD i nclude a range froma small nunber of minutes to "infinite".
A default value of 20 m nutes i s RECOVWENDED. Systens which only

i mpl enent a Private ATM UNI interface SHOULD support the inactivity
timer. |If inplenented, the inactivity tinmer MJUST nonitor traffic in
both directions of the connection.

4. Brief Overview of UNI Call Setup Signaling Procedures and Messages

This section provides a summary of point-to-point signaling
procedures. Readers are referred to [ ATMF93].

UNI signaling nessages used for point-to-point call/connection
control are the follow ng:

Call Setup Call Rel ease
SETUP RELEASE
CALL PROCEEDI NG RELEASE COVPLETE
CONNECT

CONNECT ACKNOW.EDGE

An ATM endpoint initiates a call request by sending a SETUP nessage
to the network. The network processes the call request to determ ne
if the call can be progressed. If so, the network indicates the val ue
of the newy allocated VPCI/VCI inits first response to the the
SETUP nmessage, which is either a CALL PROCEEDI NG or CONNECT message.
If a call cannot be accepted, by the network or destination ATM end-
poi nt, a RELEASE COWPLETE is sent. At the destination ATM endpoi nt,
the network offers the call using the SETUP nessage. |If the
destination endpoint is able to accept the call, it responds with a
CONNECT message (which MAY be preceded by a CALL PROCEEDI NG ;
otherwi se, it sends a RELEASE COVWPLETE message. See Appendi x A,
Section 2 for guidance on the use of the CALL PROCEEDI NG nessage.
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Call release can be initiated by either endpoint or (rarely) by the

network. Wen an endpoint w shes to release a call, it sends a
RELEASE nessage to the network. The network responds with a RELEASE
COVWPLETE nessage, frees up resources associated with the call, and

initiates clearing toward the other endpoint. The network initiates
clearing by sending a RELEASE nessage to the ATM endpoi nt, which
reponds by sendi ng a RELEASE COVPLETE nessage. Upon receipt of the
RELEASE COVPLETE message, the network frees any resources associ ated
with the call.

5. Overview of Call Establishnment Message Content

Si gnal i ng messages are structured to contain mandatory and optiona

variable length information elenents (IEs). |Es are further
subdivided into octet groups, which in turn are divided into fields.
I Es contain information related to the call, which is relevant to the

networ k, the peer endpoint or both. Selection of optional IEs and
the content of mandatory and optional IEs in a call establishnment
nessage deternines the parties to and nature of the comruni cation
over the ATM connection. For exanple, the call establishnent nessage

for a call which will be used for constant bitrate video over AAL 1
wi |l have different contents than a call which will be used for |IP
over AAL 5.

A SETUP nessage which establishes an ATM connection to be used for IP
and mul ti protocol interconnection calls MJST contain the foll ow ng
| Es:

AAL Paraneters

ATM Traffic Descriptor

Br oadband Bearer Capability

Br oadband Low Layer |nformation
QS Par anet er

Call ed Party Nunber

Calling Party Number

and MAY, under certain circunstance contain the follow ng I|Es:

Calling Party Subaddress
Call ed Party Subaddress
Transit Network Sel ection

In UNI 3.1, the AAL Paraneters and the Broadband Low Layer
Information | Es are optional in a SETUP nessage. However, in support
of I P over ATMthese two | Es MJUST be included. Appendi x A shows an
exanpl e SETUP message coded in the manner indicated in this meno.
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6. Information Elerments with Endpoint to Endpoint Significance

This section describes the coding of, and procedures surrounding,
information el enents in a SETUP nmessage with significance only to the
endpoi nts of an ATM call supporting IP

6.1. ATM Adaptation Layer Paraneters

The AAL Paranmeters |E (see section 5.4.5.5 and Annex F of [ATMF93])
carries information about the ATM Adaptation Layer (AAL) to be used
on the connection. RFC 1483 specifies encapsul ation of | P over AAL 5.
Thus, AAL 5 MJUST be indicated in the "AAL type" field.

Codi ng and procedure related to the ' Forward and Backward Maxi mum
CPCS-SDU Size' fields are discussed in [ATKI94]. Val ues may range
fromzero to 65,535. Although the default I P over AAL 5/ATMis 9188
bytes, endstations are encouraged to support MIU sizes up to and

i ncl udi ng 64Kk.

Odinarily, no Service Specific Convergence Sublayer (SSCS) wll be
used for multiprotocol interconnect over AAL5. Therefore, the SSCS
"type' field SHOULD be absent or, if present, coded to Null SSCS

Format and field val ues of AAL Paraneters |IE

| aal _type 5 (AAL 5) |
| fwd_max_sdu_size_identifier 140 |
| fwd_max_sdu_si ze 65, 535 (desired | P MrU)

| bkw_max_sdu_size_ identifier 129 |
| bkw _max_sdu_si ze 65, 535 (desired | P MrU)

| sscs_type identifier 132 |
| sscs_type 0 (null SSCS) |

6.2. Broadband Low Layer Information

Sel ection of an encapsul ation to support |IP over an ATM VCC i s done
usi ng the Broadband Low Layer Information (B-LLI) IE, along with the
AAL Paraneters |E, and the B-LLI negotiation procedure.

RFC 1577 specifies LLC/ SNAP as the default encapsulation. This
encapsul ati on MJST be inplenented by all endstations. LLC
encapsul ati on MJST be signaled in the B-LLI as shown bel ow

Signaling indication of other encapsulations is discussed in Appendi X
D, Section 4. Note that only LLCis indicated in the B-LLI. It is up
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to the LLC layer to look into the encapsul ati on header of the packets
following call setup. A B-LLI specifying both LLC and a layer_3 id
SNAP | ayer is not recommended. |If in those packets, the SNAP header
indicates IP, it is the LLC layer’s job to hand the packets up to IP

Format of B-LLI IE indicating LLC/ SNAP encapsul ati on

| layer_2_id 2
| user_information_|ayer 12 (lan_llc - 1SO 8802/ 2)

6.2.1. Franework for Protocol Layering

The support of connectionless services froma connection oriented
link | ayer exposes general problens of connection nmanagenent,
specifically the problens of connection acceptance, assignnent of
quality of service, and connection shutdown. For a connection to be
associated with the correct protocol on the called host, it is
necessary for information about one or nore |ayers of protoco
identification to be associated with a connection "managenent entity"
or "endpoint". This association is what we call a binding in this
nmeno. In this section we attenpt to describe a framework for a
usabl e binding or service architecture given the available IEs in the
ATM cal | control nessages.

It is inmportant to distinguish between two basic uses of protoco
identification elenents present in the UNI setup nessage. The first
is the description of the protocol encapsulation that will be used on
the data packet over the virtual connection, the second is the entity
that will be responsible for nanaging the call. Al protocols present
in various |Es MUST be used to encapsul ate the call, but the nost
specific, or highest, l|ayer specified SHOULD nanage the call. This
defines a hierarchy of services and provides a framework for
applications, including LLC and IP, to ternminate calls. This

hi erarchy provides a clear nmechani smfor support of higher |eve
protocol and application bindings, when their use and specification
is defined in the appropriate standards bodies.

In general, it would be desirable to allow data packets to be stored
directly into an application’'s address space after connection is
established. This is possible only if we have both encapsul ati on and
managi ng entity indications in the signaling nmessage.
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The B-LLI is the only information elenent currently available in UN
3.1 for designating protocol endpoints. It contains codepoints that
describe layer 2 and |layer 3 protocol entities associated with the
call. There are other information el ements under consideration in the
ATM Forum and | TU, which could come to play a significant role in the
description of application to connection binding, but their use is
not yet defined, and they are not part of the franework described by
RFC 1577. They include B-HLI, for containing information for a higher
| ayer protocol, Network Layer Information (NLI) to contain
information for the network layer, and UU, which is meant to carry
information for use by the top | evel application

The following figure shows a B-LLI that MAY be used for specifying in
call setup that IP will manage the call and that this VC will be used
only for IP traffic. Called parties MJIST accept this B-LLI. The
call er using VC MJUST use LLC SNAP encapsul ation on all |P datagrans,
despite the fact that the caller views the VC as dedicated to IP

The reason for this requirenent is that while we require receivers to
accept this formof call setup, they nmay choose whether or not to

mul tiplex the call through LLC, in other words to ignore the Layer 3
information. This choice is dependent on the receiver’s

i mpl enentation’s protocol architecture and is local to the receiver.

Format of B-LLI IE indicating VC ownership by IP
(NOTE: LLC/ SNAP encapsul ation is still used)

| layer_2_id 2
| user_information_|ayer 12 (lan_llc - 1SO 8802/2) |
| layer_3 id 3
| 1SOIEC TR 9577 | PI 204 (0xCQ |

Nul | -encapsul ated VCs are described in RFC 1483. Such a VC woul d
result in the nost direct formof binding a VCto IP. However, the
nmet hod of signaling for this type of VC has not yet been integrated
into the I P over ATM context. For conpl eteness, we nention that the
signaling would use a B-LLI containing the layer 3 identifier with
the 1SO I EC TR-9577 protocol codepoint and omitting the |ayer 2
identifier [ATMF93]. Since no layer 2 is specified, frames produced
by AAL processing would be given directly to IP. Processing of this
B-LLI is not required at this tine.
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7. Information Elenments with Significance to the ATM Network

This section describes the coding of, and procedures surrounding,
information el enents with significance to the ATM network, as well as
the endpoints of an ATM call supporting multiprotocol operation

The standards, inplenmentation agreenents, research and experience
surroundi ng such issues as traffic nanagenent, quality of service and
bearer service description are still evolving. Mich of this materia
is cast to give the greatest possible latitude to ATM network

i mpl enentati on and service offerings. ATM endsystens need to match
the traffic contract and bearer service they request fromthe network
to the capabilities offered by the network. Therefore, this nmeno can
only offer what, at the present tinme, are the nobst appropriate and
efficient coding rules to follow for setting up I P and ATMARP VCCs.
Future revisions of this meno may take advantage of ATM services and
capabilities that are not yet avail able.

7.1. ATM Traffic Descriptor

The ATM traffic descriptor characterizes the ATMvirtual connection
interms of peak cell rate (PCR), sustainable cell rate (SCR), and
maxi mum burst size. This information is used to allocate resources
(e.g., bandwi dth, buffering) in the network. In general, the ATM
traffic descriptor for supporting nultiprotocol interconnection over
ATMw Il be driven by factors such as the capacity of the network,
conformance definition supported by the network, performance of the
ATM endsystem and (for public networks) cost of services.

The nost conveni ent nodel of | P behavior corresponds to the Best
Effort Capability (see section 3.6.2.4 of [ATMF93]). If this
capability is offered by the ATM network(s), it MAY be requested by
including the Best Effort Indicator, the peak cell rate forward
(CLP=0+1) and peak cell rate backward (CLP=0+1) fields in the ATM
Traffic Descriptor IE. Wen the Best Effort Capability is used, no
guarantees are provided by the network, and in fact, throughput nmay
be zero at any time. This type of behavior is also described by RFC
1633 [ BRAD94] .
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Format and field values of ATM Traffic Descriptor IE

fwd _peak cell _rate 0+1 identifier 132

| |
| fwd _peak cell rate 0+1 (l'ink rate)

| bkw peak cell _rate 0+1 identifier 133 |
| bkw_peak_cell _rate_0+1 (link rate) |
| best_effort_indication 190

When the network does not support Best Effort Capability or nore
predictabl e ATM service is desired for IP, nore specific traffic
parameters MAY be specified and the Best Effort capability not used.
Doi ng so includes use of two other traffic-related IEs and is

di scussed in the follow ng paragraphs and secti ons.

The Traffic Descriptor IE is acconpani ed by the Broadband Bearer
Capability IE and the QoS Paraneter |IE. Together these define the
signaling view of ATMtraffic nanagenent. |In this meno, we present
an agreed-on, required subset of traffic nanagement capabilities, as
specified by using the three IEs. The figure i medi ately bel ow shows
the set of the all owabl e conbinations of traffic parameters which al
| P over ATM endsystens MJUST support in their ATM signaling. The
subset includes Best Effort in the formof a non-guaranteed bitrate
conbi nati on (the rightnost columm of the table below); a type of
traffic description that is intended for ATM "pipes", for example
between two routers (the mddle colum); and a type of traffic
description that will allow initial use of token-bucket style
characterizations of the source, as presented in RFC 1363 [ PART92]
and RFC 1633, for exanple (the |eftnost colum).
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Conbi nations of Traffic Rel ated Paramenters
that MJUST be supported in the SETUP nessage

Per ez,

Speci fied
Par amet er

| Br oadband Bear er

| Capability

| Br oadband Bear er

| Traffic Type
| (CBR, VBR)

| _________________
| Tim ng Required

| Traffic Descriptor

| Par aret er

is coded to either
(Traffic Type/ Ti m ng Required)

treated as equival ent

&& = Par anet er

is absent;

is coded to either

"no indication"
i's absent;

| C| x| X|
EER RN
R

R b et

| | YES| &&
________________ |
|

|
________________ |
o]
R

| S| S| S|
EEEEER PN
o
R R
s 1
R R
o
e EE RN
s 1
EEREEREE
|1 1S
EREIEe

| N nd n
................ |
| 01 00|

"no indication" or

or VBR or octet 5a
these three codings are

“"No" or octet b5a

these three codings are treated as equi val ent

Use of other allowable conmbinations of traffic parameters listed in

the large table in Appendi x C may work,
[ ATMF94], but this will
network, and the called endsystem

Li aw, Manki n, Hoffman, G ossman & Malis
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If Best Effort service is not use, link rate SHOULD not be requested
as the peak cell rate. Wthout any know edge of the application, it
is RECOWENDED that a fraction, such as 1/10th, of the the link
bandwi dt h be request ed.

[ ATMF93] does not provide any capability for negotiation of the ATM
traffic descriptor paramenters. This nmeans that:

a) the calling endsystem SHOULD have some prior know edge as to
the traffic contract that will be acceptable to both the
call ed endsystem and the networKk.

b) if, in response to a SETUP nessage, a calling endsystem
recei ve a RELEASE COVPLETE nessage, or a CALL PROCEEDI NG
nmessage foll owed by a RELEASE COVPLETE nessage, W th cause
#37, User Cell Rate Unavailable, it MAY exam ne the
di agnostic field of the Cause IE and reattenpt the call after
sel ecting smaller values for the paraneter(s) indicated. |If
the RELEASE COVPLETE or RELEASE nessage is received with cause
#73, Unsupported conbination of traffic paraneter, it MAY
try other conbinations fromtable 5-7 and 5-8 of [ATMF93].

c) the called endsystem SHOULD exami ne the ATMtraffic descriptor
IE in the SETUP nessage. |If it is unable to process cells at
the Forward PCR indicated, it SHOULD clear the call with cause
#37, User Cell Rate Unavail abl e.
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7.2. Broadband Bearer Capability

Br oadband Bearer Connection Oriented Service Type X (BCOB-X) or Type
C (BCOB-C) are both applicable for multiprotocol interconnection
dependi ng on the service(s) provided by the ATM network and the
capabilities (e.g., for traffic shaping) of the ATM endsystem The
table in the previous section showed the use of BCOB-X and BCOB-C
with other paranmeters. The figure below shows format and field

val ues for a BCOB-X when the Traffic Descriptor |IE indicates Best
Effort.

Format and field val ues of Broadband Bearer Capability IE

| spare 0 |
| bearer_class 16 ( BCOC- X)

| spare 0 |
| traffic_type 0 (no indication)

| timng_reqgs 0 (no indication)

| susceptibility to clipping O (not suscept) |
| spare 0 |
| user_plane_configuration 0 (point_to_point) |

| P over ATM signaling MJUST pernmit BCOB-C and BCOB-X, in the
conbi nati ons shown in the previous section. It MAY also permit one
of the all owabl e conmbi nati ons shown in Appendi x C

Currently, there is no capability for negotiation of the broadband
bearer capability. This nmeans that:

a) the calling endsystem SHOULD have some prior know edge as to
the broadband bearer capability that will be acceptable to
both the call ed endsystem and the network.

b) if, in response to a SETUP nessage, a calling endsystem
recei ves a RELEASE COVPLETE nessage, or a CALL PROCEEDI NG
nmessage foll owed by a RELEASE COVPLETE nessage, w th cause
#57, bearer capability not authorized or #58 bearer capability
not presently available, it MAY reattenpt the call after
sel ecting anot her bearer capability.
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7.3. QoS Paraneter

The Unspecified QoS class (Class 0) is the only QS class that nust
be supported by all networks and the only QS class all owed when
using the Best Effort service. The Specified QS dass for Connection
Oiented Data Transfer (Class 3) or the Specified QS Cass for
Connectionl ess Data Transfer (Cass 4) nmay be applicable to

mul ti protocol over ATM but their use has to be negotiated with the
network provider. The conbi nations of QoS paraneters with the ATM
Traffic Descriptor and the Broadband Bearer Capability are detail ed
in the Traffic Descriptor section and in Appendi x C.

Format and field values of QS Paraneters |IE

| gos_class_fwd 0 (class 0) |
| qgos_cl ass_bkw 0 (class 0) |

[ ATMF93] does not provide any capability for negotiation of Quality
of Service paraneters. This means that:

a) the calling endsystem SHOULD have sonme prior know edge as to
the QoS classes offered by the ATM network in conjunction with
the requested Broadband Bearer Service and Traffic Descriptor.

b) if, in response to a SETUP nessage, a calling endsystem
recei ves a RELEASE COVPLETE nessage, or a CALL PROCEEDI NG
nessage foll owed by a RELEASE COVPLETE nessage, W th cause
#49, Quality of Service Unavailable, it MAY reattenpt the call
after selecting another QoS cl ass.

Note: The two-bit 'coding standard’ field of the General Information
octet in the |E header, SHOULD be set to '00' now that the ITU T has
st andardi zed QoS class 0. Endsystenms SHOULD treat either value (’'11
or '00") as requesting the I TUT QS cl ass.

7.4. ATM Addressing I nformation

ATM addressing information is carried in the Called Party Nunber,
Calling Party Nunber, and, under certain circunstance, Called Party
Subaddress, and Calling Party Subaddress IE. Section 5.8 of [ATMF93]
provi des the procedure for an ATM endsystemto learn its own ATM
address fromthe ATM network, for use in populating the Calling Party
Nunber IE. Section 5.4.5.14 [ ATMF94] describes the syntax and
semantics of the calling party subaddress |E.
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RFC 1577 RECOVMENDS that a router be able to provide multiple LIS
support with a single physical ATMinterface that may have one or
nor e individual ATM endsystem addresses. Use of the Selector field
in the NSAPAs and E. 164 addresses (in the NSAP format) is identified
as a way to differentiate up to 256 different LISs for the sane ESI
Therefore, an I P router MAY associate the |IP addresses of the various
LISs it supports with distinct ATM addresses di fferentiated only by
the SEL field. If an IP router does this association, then its
signaling entity MJST carry in the SETUP nmessage the ATM addresses
corresponding to the particular IP entity requesting the call, and
the IP entity it is requesting a call to. These ATM addresses are
carried in the Calling and Called Party Nunber |Es respectively.
Native E. 164 addresses do not support a SEL field. For IP routers
residing in a Public UNl where native E. 164 addresses are used it is
RECOMVENDED t hat multiple E 164 addresses be used to support multiple
LISs. Note: nultiple LIS support is the only recomrended use of the
SEL field. Use of this field is not recommended for selection of

hi gher | evel applications.

Resol ution of | P addresses to ATM addresses is required of hosts and
routers which are ATM endsystens that use ATM SVCs. RFC 1577 provi des
a nmechani smfor doing IP to ATM address resolution in the classica

| P nodel

Format and field values of Called and Calling Party Nunber |E

| type_of nunber (international nunber / unknown)
| addr_plan_ident (I'SDN / ATM Endsyst em Addr ess)
| addr_nunber (E. 164 / ATM Endsyst em Addr ess)

| type_of nunber (i nternational nunber / unknown)

| addr_plan_ident (I SDN / ATM Endsyst em Addr ess)

| presentation_indic (presentation allowed) |
| spare 0 |
| screening indic (user provided verified & passed) |
| addr_nunber (E. 164 / ATM Endsyst em Addr ess
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8. Dealing with Failure of Call Establishnent

If an ATM call attenpt fails with any of the foll owi ng causes, the
situation SHOULD be treated as Network Unreachable (if the called ATM
endsystemis a router) or Host Unreachable (if the called ATM
endsystemis a host). See the treatnment of Network and Host
Unreachabl e conditions in RFC 1122 [ BRAD39].

1 wunallocated (unassi gned) number
3 no route to destination
17 user busy
18 no user reponding
27 destination out of order
38 network out of order
41 tenporary failure
47 resource unavail abl e, unspecified

H o HHFH IR

If an ATMcall attenpt fails with any of the foll owi ng causes, the
ATM endsystem MAY retry the call, changing (or adding) the | E(s)
i ndi cated by the cause code and di aghosti c.

2 no route to specified transit network
21 call rejected
22 nunber changed
23 user rejects call with CLIR
37 user cell rate unavailable
49 quality of service unavail able
57 bearer capability not authorized
58 bearer capability not presently avail able
65 bearer capability not inplenented
73 unsupported conbination of traffic paraneter
88 inconpatible destination
91 invalid transnmit network sel ection
78 AAL paraneter cannot be supported

HHEFEHEFHFHFHHHEHRHR

9. Security Considerations

Not all of the security issues relating to |P over ATMare clearly
understood at this time, due to the fluid state of ATM

speci fications, newness of the technol ogy, and other factors. Future
revisions of this specification will address the security
capabilities that future signaling standards may offer to | P over ATM
si gnal i ng.
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10.

11.

Open | ssues

o] Thi s docunent version is specifically an RFC 1577/ RFC 1483
i mpl enent ati on document. Although RFC 1577 and RFC 1483
specify an LLC/ SNAP encapsul ation, which is inherently a
mul ti protocol encapsulation, it is beyond to scope of this
docunent to go into any multiprotocol specifications other than
to point out sonme exanpl es (see Appendi x D for an exanpl e of
NLPI D encapsul ation).
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Appendi x A. Sanpl e Signaling Messages
1. SETUP and CONNECT nessages

Thi s appendi x shows sanpl e codi ngs of the SETUP and CONNECT signaling
nessages. The fields in the | E header are not shown.

I nformati on El enent s/
Fi el ds Val ue/ ( Meani ng)

aal _paraneters

aal _type 5 (AAL 5)

fwd _nmax_sdu_si ze_ident 140

fwd_max_sdu_si ze (send I P MIU val ue)
bkw_max_sdu_si ze_i dent 129

bkw_max_sdu_si ze (recv | P MIU val ue)
sscs_type identifier 132

sscs_type 0 (null SSCS)

user _cell _rate
fwd _peak cell _rate 0 1 ident 132

fwd _peak cell rate 0 1 (l'ink rate)

bkw _peak cell _rate_0_1 ident 133

bkw _peak cell _rate 0 1 (l'ink rate)

best _effort_indication 190
bb_bearer _capability

spare 0

bearer _cl ass 16 ( BCOC- X)

spare 0

traffic_type 0 (no indication)

timng_regs 0 (no indication)

susceptibility to_clipping 0 (not susceptible to

cli ppi ng)

spare 0

user _pl ane_configuration 0 (poi nt _to_point)
bb_| ow | ayer i nfornmation

layer 2 id 2

user _i nformati on_| ayer 12 (lan_l'lc (1SO 8802/ 2)
gos_par anet er

gos_cl ass_fwd 0 (class 0)

gos_cl ass_bkw 0 (class 0)
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cal l ed_party_nunber
type_of nunber
addr _pl an_i dent
nunber

cal ling_party_nunber
type_of nunber
addr _pl an_i dent
presentation_indic

(international nunber / unknown)
(I SDN / ATM Endsyst em Addr ess)
(E. 164 / ATM Endsyst em Addr ess)
(international nunber / unknown)
(I'SDN / ATM Endsyst em Addr ess)
(presentation all owed)

0

(user _provided verified and passed)
(E. 164 / ATM Endsyst em Addr ess)

Fi gure 1.

Sanpl e contents of SETUP nessage

spare
screening_indic
nunber
o e e e e e e e e e e e e e e e e e e —m . m -
[* : optional, ignored if present]
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Per ez,

In I P over ATM environnments the inclusion of the "AAL paraneters"

is *mandatory* to allow for MIU si

and desti nati on.

ATM Si gnal i ng Support for

The "Broadband Low Layer

| P over ATM February 1995

IE
ze negotiati on between the source
Information" IE is also

mandat ory for specifying the I P encapsul ati on schene.

____________________________________________________________________ +
CONNECT
I nformati on El ement s/
Fi el ds Val ue
aal _paraneters
aal type 5 (AAL 5)
fwd_max_sdu_si ze_ident 140
fwd_max_sdu_si ze (send I P MIU val ue)
bkw _max_sdu_si ze_i dent 129
bkw_max_sdu_si ze (recv I P MIU val ue)
sscs_type identifier 132
sscs_type 0 (null SSCS)
bb_| ow_ | ayer i nformati on
layer 2 id 2
user _i nformation_| ayer 12 (lan_Ilc (1SO 8802/ 2)
connection identifier
spare 0
vp_assoc_si gnal i ng 1 (explicit indication of VPCl)
preferred_excl usive 0 (excl usive vpci/vci)

vpci
VCi

(assi gned by networ k)
(assi gned by networ k)

Fi gure 2.
Sanpl e contents of CONNECT nessage

As in the SETUP nessage,
i nclusion of the "AAL paraneters"
specify the MIU size that it is wi

2.

Use of the CALL PROCEEDI NG nmessage i s beneficia

| P over ATM environnments demand t he

| E so that the destination may
Iling to receive

Hi nts on Use of CALL PROCEEDI NG Message

in inplenmentations

where the called party’s ATMsignaling entity and AAL Users are

decoupl ed. An arriving SETUP may result

in an i nmedi ate CALL

PROCEEDI NG response fromthe called party’s ATMsignaling entity,

while it
SETUP' s conditions are acceptabl e.

locally queries the called IP-ATMentity to see if the

The acceptance of the SETUP s

conditions would then cause the ATMsignaling entity to issue a

CONNECT back to the switch. The two possible refusa

Li aw, Manki n, Hof f man

Grossman & Malis

nodes at the
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called party then becone:

a) Called party has no IP-ATM entity resident. |ssue RELEASE
COVWPLETE in response to SETUP.

b) Called party has a resident IP-ATMentity, so CALL PROCEEDI NG
was i ssued. The IP-ATM entity rejects the call request, so a
RELEASE is issued instead (to be acknow edged by the network
wi t h RELEASE COVPLETE).

Appendix B. I P over ATMusing UNI 3.0 Signaling

Thi s appendi x describes how to support | P over ATMusing UNI 3.0
signalling. Differences in the coding or semantics of each rel evant
E is given.

1. AAL paraneter
Val ues for naxi mum SDU size may range fromone (not zero) to 64K

A 'node’ field is an allowable field in UNI 3.0. Nevertheless, this
"mode’ field SHOULD be omtted fromthe AAL Parameters | E and MJST be
i gnored by the destination endsystem

2. Traffic Managenent Related | Es

In UNI 3.0 issues of traffic nanagenent were | ess understood than in
UNI 3.1. UNl 3.0 does not contain a guide to coordinating the use of
the User Cell Rate IE (Traffic Descriptor IEin UNI 3.1), Broadband
Bearer Capability IE, and QS paranmeters |IE. Therefore, the
recomendati on for specifying paraneters in these IEs is the sane as
that given above when using UNI 3.1. The follow ng section nerely
describes rel evant differences in names and code val ues.

2.1 ATM User Cell Rate (instead of ATM Traffic Descriptor)

The ATM Traffic Descriptor IEis refered to as ' ATM User Cell Rate’
I[Ein UNI 3.0. Also, the value for the cause 'user cell rate
unavail able’ is #51.

2.3 QoS paraneters

The two-bit 'coding standard’ field of the General Infornmation octet
in the | E header, should be set to '11' inidicating that the IEis a

standard defined for the network (as opposed to an I TU- TS st andard)
present on the network side of the interface.
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3. ATM Addressing I nfornmation

In UNI 3.1, the ' ATM Endsystem Address’ type was introduced to
differentiate ATM addresses from GSI NSAPs. In UNI 3.0, 'ATM
Endsystem Address’ is not a valid type. Therefore, in the called and
calling party subaddress IEs the three-bit 'type of subaddress’ field
MUST specify ' NSAP' (value = 001) when using the subaddress IE to
carry ATM addresses.

4. Dealing with Failure of Call Establishnment

In UNl 3.0 the there are certain cause val ues which are different
than UNI 3.1. Two relevant differences are the foll ow ng:

" AAL Parameter Cannot Be Supported’ is #93 (#78 in UNI 3.1), and

"User Cell Rate Unavailable is #51 (#37 in UNI 3.1).
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Appendi x C.

ATM Si gnal i ng Support for IP over ATM

Combi nations of Traffic Rel ated Paraneters
tha MAY be supported in the SETUP nessage

| Br oadband Bear er

February 1995

| Capability |
o |
| Br oadband Bear er |AC X|[X |C | X X|ACQ X| X|Cg X
TSR EEREEEEEEE R e R R R B e e R R R BN
| Traffic Type 0 o rr
I(CBR,VBR) I ICBRI & I I& I I& I ICBRI& I&I &
| Tim ng Required | | Y |&& | | && | | && | | Y |&& | | &&
|2 |
| Traffic Descriptor |
| Par anet er |
_________________________________________________________________ |
Eaat T T N
| PCR (CLP=0+1) | S| S| S| S| SIS S| S| S| SIS S
--------------------- I R R R e I e ) e R R B
O e S
S e
s TR O O R T R R
| MBS (CLP=0+1) I rrstrstor
|- R R R R R e R R R e EA R
I%m Effort | | I I I I I I I I Iﬂ SI
| Taggi ng [YNNYNYNYNYNN N| N|] N|] N|N N
S |
| Q5 O asses [N I I I I I D R B L B O

(Table 2 is a reproduction of Table F-1 of Appendix F in [ATMF 94].)

PCR
MBS

Y =

Yes,

Peak Cell Rate, SCR = Sustainable Cell Rate,
Maxi mum Burst Size

N = No, S = Specified

Y/'N = either "Yes" or "No" is allowed

Perez, Liaw, Mankin, Hoffman, G ossnan & Malis
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al  owed QoS cl ass values are a network option. Class 0 is
al ways supported for alignment with ITUT

Ro
1

paranmeter is coded to either "no indication" or VBR or
octet S5a(Traffic Type/ Timng Required) is absent; these three
codings are treated as equival ent

&% = paraneter is coded to either "no indication" or "No" or
octet S5a(Traffic Type/ Timng Required) is absent; these three
codings are treated as equi val ent

A blank entry in the table indicates that the paraneter is not
present.

Appendi x D. Franme Rel ay Interworking

1

RFC 1490 over FR-SSCS vs. RFC 1483 over null -SSCS

Procedures for Frane Relay to ATM signaling interworking have not yet
been specified by ITUT, the ATM Forum or the Frame Relay Forum |f
an ATM endsystem wi shes to use FR-SSCS, FR-SSCS and RFC 1490
encapsul ati on must both be be specified in the SETUP nessage.
Nevert hel ess, since neither LLC encapsul ati on nor VC mul tipl exing
wi Il interoperate when used over FR-SSCS, these two encapsul ations
cannot be negotiated as alternatives to RFC 1490 encapsul ation (see
Section 4, Encapsul ati on Negoti ation).

In ATM environnments the SSCS | ayer is part of the AAL functionality.
The SSCS serves to coordi nate the needs of a protocol above with the
requi renents of next |ower |layer, the Common Part Convergence

Subl ayer (CPCS). For exanple, the UNI ATM signaling protocol runs on
top of a signaling SSCS which anmobng ot her things provides an assured
transfer service for signaling nessages. Since the SSCS is considered
part of the AAL, the SSCS type is specified as one of the paraneters
in the AAL Paraneters IE. To date there has not been an SSCS defi ned
for data transmssion in ATMand this type field is usually set to
"nul |,

The exception occurs when doi ng FR interworki ng where an ATM
endsystem may choose to use the FR-SSCS over AAL 5 in order to
conmuni cate with a FR endsystem In that case the SSCS type in the
AAL Paraneters |E of the SETUP nessage is set to ' FR- SSCS

Al so included in a SETUP nessage is an indication in the B-LLI |E of
the protocol layers to be used above the AAL. |In particular, ATM
connections established to carry connectionl ess network interconnect
traffic require a |l ayer above the AAL for nultiplexing multiple
protocols over a single VC [HEIN 93]. As nentioned above, RFC 1577

Perez, Liaw, Mankin, Hoffman, G ossman & Malis [ Page 28]



RFC 1755 ATM Si gnal i ng Support for IP over ATM February 1995

defines LLC as default nultiplexing |ayer for I P over AALS5.

Speci fication of the SSCS restricts the encapsul ati on protocol used
over it, since RFC 1483 (in addition to applicable |ITU standards)
defines the use of RFC 1490 encapsul ati on over the FR-SSCS, and LLC
or null encapsul ation otherwise. The fact that it is not possible,
inthe UNI 3.0 signaling specification, to negotiate between the FR-
SSCS and nul | -SSCS can result in interoperability restrictions

bet ween stations that inplement and wi sh to use the FR- SSCS and t hose
that do not, even though they both are using IP. The guidelines in
the follow ng section were devel oped to decrease the chance that such
interoperability restrictions occur

2. Scenarios for Interworking

The foll owi ng di scussion uses the terms "network interworking" and
"service interworking”. "Network interworking" uses FR-SSCS over
AAL5 between the InterWorking Unit (IWJ) and the ATM endsystem and
the ATM endsystemis aware that the other endpoint is a FRI ATM
Network IWJ. "Service interworking" aims to make the operation
transparent to the ATM endsystem by addi ng encapsul ati on translation
and ot her payl oad processing in the FR/I ATM Service IWJ to allow the
ATM endsystemto operate as if it were talking to another ATM
endsyst em

The nbst comon scenari o where FR-SSCS coul d be negotiated is between
an ATM endsystem and a FR/ ATM network IWJ to all ow connectivity anong
an ATM endsystem and a FR endsystem resi di ng behind a FR/ ATM net wor k

| WU
_______ | | e
A | | FRCATM | | ATM | B

| (FR) |----- > W |- > switch [----- > (ATM

------- | | | |
I I I
----- > e ee e a2 >
FR cal l ATM cal

A network WU can place a call to an ATM host (on behalf of a FR
host) by signaling for FR-SSCS and assuning that the ATM endsystem
supports FR-SSCS. The B-LLI IE SHALL be encoded to indicate RFC 1490
encapsul ati on and the SSCS type field of the AAL Paranmeters | E SHALL
be coded to indicate FR-SSCS. |If the FR SSCS negotiation fails
because the call ed ATM host does not support FR-SSCS, the I W can
retry the call negotiating for LLC encapsul ati on or VC nul tipl exing.
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However, the IWJ can only attenpt the retry if it is able to do FR-
ATM service interworking. Such service interworking adds extra
processi ng overhead during the call

The even nore problematic case occurs when a call is requested in the
opposite direction, i.e. when an ATM host places a call to a host
resi ding behind an | WJ.

| |
B | | FRATM | | ATM | | A

| (FR) |<----- | ITW | <----- | switch |<----- | (ATM |
------- | | | |
| | |
<----- D
FR cal | ATM cal
Not knowi ng that the destination resides behind an |WJ, the calling
host will negotiate for the default LLC encapsul ation (possibly
requesting VG-multiplexing as an alternative). |In this situation the

| WJ can accept the call and do the necessary service interworking or
reject the call specifying 'AAL Paraneters not supported . If the W
rejects the call it risks the possibility that calling host does not
support FR-SSCS or sinply does not retry and the call will never be
est abl i shed.

Possible Alternatives

Wiile Frame Relay interworking is possible, it is not possible to
negoti ate FR-SSCS with LLC encapsul ati on or VC nul tiplexing, which
decreases the chances of conpleting an ATM call. However,

i nteroperability can be increased using the followi ng alternatives:

1. Maintaining external know edge that a particul ar destination uses
FR- SSCS. This know edge can be configured, or in the future added to
some network host dat abase.

2. In the absence of such external know edge, an ATM endsystemis
required to negotiate for the default LLC encapsul ation (possibly
requesting VC-nultiplexing as an alternative). There are three sub-
cases:

2a. The | WJ supports service interworking and network interworking,
and prefers service interworking. The W sinply accepts the cal
usi ng LLC encapsul ati on.
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2b. The | WJ supports service interworking and network interworking,
and prefers network interworking. The IWJ sinply accepts the call,
but attenpts to open a parallel connection back to the original ATM
endsystem negotiating the FR-SSCS use. |If the connection is
accepted, the W cl oses the service interworking connection.

2c. The I WJ supports network interworking only. The IWJ rejects the
call specifying 'AAL Paraneters not supported’ , and then attenpts to
open a connection back to the original ATM endsystem negoti ating the
FR- SSCS use.

4. Encapsul ation negotiation

The cal | /connection control signaling protocol includes a nechanism
to support negotiation of encapsul ation for endsystems that support

nore than one. This section describes the procedures for negotiation
of an encapsul ati on.

The B-LLI negotiation procedures (see Annex C of [ATMF93]) are
initiated by the calling ATM endsystem by including up to three

i nstances of the B-LLI IE in the SETUP nessage in descendi ng order of
preference (following the rule for repeating IE in section 5.4.5.1 of
[ ATMFO3]) .

The following is the list of the three possible conbinations that B-
LLI I E instances MAY be included in the SETUP nessage. Each instance
is referred to by its encapsul ation name as it appears in RFC 1483,
and correspondi ng section | abels from Appendi x D of the ATM Forum UNI
3.0 specification.

a) LLC/ SNAP encapsul ation (D. 3.1)

In this case, the calling ATM endsystem can only send and receive

packets preceded by an LLC/ SNAP identification. This menp requires
that hosts and routers which are ATM endsystens i npl enment LLC/ SNAP
encapsul ati on.

b) VG- rnultiplexing (D.3.2) and LLC/ SNAP (D. 3.1)
The calling ATM endsystem prefers to use VC multiplexing, but is
willing to agree to use LLC/ SNAP encapsul ation instead, if the called
ATM endsytem only supports LLC SNAP.

c) RFC 1490 encapsul ation (NLPID rnultipl exing) over FRSSCS

(D. 3.3, onitting octets 7a and 7b and MJUST have FR-SSCS in SSCS
type of AAL Paraneters |E.)
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The calling ATM endsystem can only send and recei ve packets using RFC
1490 encapsul ation (NLPID nul tipl exing) over FRSSCS. Use of RFC 1490
encapsul ati on presently cannot be negotiated as an alternative to LLC
encapsul ation or VC-nultiplexing. |If the B-LLI IEis encoded to

i ndi cate RFC 1490 encapsul ation, the SSCS type field of the AAL
Paraneters |E SHALL coded to indicate FRSSCS. Note that the AAL
Paraneters | E can not be coded to indicate both NULL and FR- SSCS and
neither LLC encapsulation nor VC-nmultiplexing will be interoperable
when used over FR-SSCS

The cal |l ed ATM endsystem SHALL sel ect the encapsul ation nethod it is
able to support fromthe B-LLI IE present in SETUP nessage. |If it
supports nore than one of the encapsul ations indicated in the SETUP
nessage, it MJST sel ect the one which appears first in the SETUP
nessage. The called ATM endsystem then includes the B-LLI |E content
corresponding to the selected encapsul ation in the CONNECT nessage.
If the called endsystem does not support any encapsul ati on indicated
in the incom ng SETUP nessage, it SHALL clear the call wth cause
#88, inconpatible destination. |If the received SETUP nessage does
not include the B-LLI IE the call SHALL be cleared with cause #21,
"call rejected", with diagnostics indicating rejection reason =
information el enent mssing and the B-LLI IE identifier. As
described in Annex C of [ATMF93], if the calling ATM endpoi nt

recei ves a CONNECT nessage that does not contain a B-LLI IE, it SHALL
assune the encapsulation indicated in the first BLLI IE that it

i ncluded in the SETUP nessage.
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