The ATM Forum

Technical Committee

Voice and Telephony Over ATM -

ATM Trunking using AAL1
for Narrowband Services
Version 1.0

AF-VTOA-0089.000
July, 1997






Voiceand Telephony Over ATM - af-vt0oa-0089.000
ATM trunkingusing AAL1 for narrowband services July 1997

© 1997 The ATM Forum. All Rights Reserved. No part of this publication may be reproduced in
any form or by any means.

The information in this publication is believed to be accurate as of its publication date. Such
information is subject to change without notice and The ATM Forum is not responsible for any
errors. The ATM Forum does not assume any responsibility to update or correct any information
in this publication. Notwithstanding anything to the contrary, neither The ATM Forum nor the
publisher make any representation or warranty, expressed or implied, concerning the
completeness, accuracy, or applicability of any information contai ned in this publication. No
liability of any kind shall be assumed by The ATM Forum or the publisher as aresult of reliance
upon any information contained in this publication.

The receipt or any use of this document or its contents does not in any way create by implication
or otherwise:

* Any expressor implied license or right to or under any ATM Forum member company's
patent, copyright, trademark or trade secret rights which are or may be associated with the
ideas, techniques, concepts or expressions contained herein; nor

* Any warranty or representation that any ATM Forum member companies will announce any
product(s) and/or service(s) related thereto, or if such announcements are made, that such
announced product(s) and/or service(s) embody any or al of the ideas, technologies, or
concepts contained herein; nor

* Any form of relationship between any ATM Forum member companies and the recipient or
user of this document.

Implementation or use of specific ATM standards or recommendations and ATM Forum
specifications will be voluntary, and no company shall agree or be obliged to implement them by
virtue of participation in The ATM Forum.

The ATM Forum is anon-profit international organization accelerating industry cooperation on
ATM technology. The ATM Forum does not, expressly or otherwise, endorse or promote any
specific products or services.

NOTE: The user's attention is called to the possibility that implementation of the ATM
interoperability specification contained herein may require use of an invention covered by patent
rights held by ATM Forum Member companies or others. By publication of thisATM
interoperability specification, no position is taken by The ATM Forum with respect to validity of
any patent claims or of any patent rights related thereto or the ability to obtain the license to use
such rights. ATM Forum Member companies agree to grant licenses under the relevant patents
they own on reasonable and nondiscriminatory terms and conditions to applicants desiring to
obtain such alicense. For additional information contact:

The ATM Forum

Worldwide Headquarters

2570 West El Camino Real, Suite 304
Mountain View, CA 94040-1313

Tel: +1-415-949-6700

Fax: +1-415-949-6705






Voiceand Telephony Over ATM - af-vt0oa-0089.000

ATM trunkingusing AAL1 for narrowband services July 1997
Table of Contents
L INTRODUCGTION . . ettt ettt st etee e te st este e s beesbeeeaeesabeesaeesaseesbeeaaseesbessabeaaseesabeesseesaseesbesanseebessbeenseesnrenns 1
1.1 BACKGROUND....cccittteietiteetteeaiteeesasseeesaeeaateeesassesaasseaaastesasasssssasseseantesaasssesasasesastesaansseesasesessssessansesessennsnsseesansesesnnes 1
1.2 SCOPE OF THE DOCUMENT ... .ttie ittt e eteee ittt e eeuteeeeuseeesateeesaseeesasseaesasessasasessseesassessassesesaseeaaasseesassesesnseeassenesasseesssnnesn 1
1.3 SERVICE REQUIREMENTS. ..uttiiiiiittttieeiiiitsrttesiassseeessesssssessessassssssesssasssssssssassssssssssisssssssessassssssesssssssssesssssssressesssssrsssen 2
1.4 NETWORK INTERCONNECTION CONFIGURATIONS......ceeiitiieeiteeeeireeesiteeeaassessaseeesasessssssessassesssssesssssssssassesssnsssssssesesanes 2
1.5 TRAFFIC CHARACTERIZATION ...uutiiiiitteeiiteeeeeuteeeaseeesteeeaaseeesasseasaasessasesesssssssssessansessssesssasssesassesesnssessnsesesassesssnnees 3
LB REFERENGCES. ....ceeiittieietee e sttt e e sttt e seateeestaeeeateeesasteeeasseaaasteeeaaseeesaseeeeanteeeasesessaeeeasteeaasseeesnseeasssseseansesesaseeeasseesanseessnnes 3
LLB.1 INOIIMBLIVE. .. .eccteecteeetee ittt ettt et e et e e st e e s te e beesabeebeesaseeabeesaee e beeeaeeeabeesaeesabeeshseebeebessnbeasseesabeesaeesnseesbessnseensesanns 3
LL6.2 INFOIMIBLIVE . ...c.tiecee ettt ettt ettt et e e te e s ab e e e beeeaee e beesaeesabeesabeaabeesheeebeesbessabeasseesabeesbeesaseesbesanseensesanns 4
2SWITCHED TRUNKING OPTIONSFOR 64 KBIT/SCHANNELS.......c.oooieee et 5
2.1 OVERVIEW ...cuteieiiteee e ettt e eetee e e iteeeestteesaaseeesateeeaaseeesaaseeesaseaaanseeessseeaasseeaanteeesaneeeasseeesanteseanseeesaseeesasseesansesesaseeesseessnssen
2.2 COMMON FUNCTIONS. ....ceiiiiieeiitieeeetteeeseeeeateeeeesteesasseeesabeseaasseesasseeesasesaasesesassessassesaansesesassessssseasantesesansessnsssessnsenaans
A S < oY ol D= ot g olx o] o BT RUUPUPT PRSPPI
2.2.1.1 REFErENCE CONFIQUIBLION......c.ocviiieuiiieiiteeetist e ste ettt e e st et te s et e s b e seste s ete st essese s esesseseebe e ebessensebesaesesseseabeseesessaseasenn
2.2.1.2 Physical Layer Interfaces
2.2.1.3 PerfOrmManCe Par@MELErS........cceiieiiirieiesece et st e st e ste s e st s ae e e et e tesaestesbestesbesaeeaeens e s e s e sebesbesbesbeeheeaeeseeneeseeseeseeseentesnees
2.2.2 FUNCHONAIILY Of tNETVWI ...ttt bbbkttt b et b ettt b e
2.2.2.1 IWF Functionality With N-ISDN SIgNalliNG ......cccruereiririieiriereinesie s 8
2.2.2.2 IWF Functionality with Channel Associated SIgNalling........cc.coreieorerri et 8
R IS T 7= 1T oo USSR 9
2.2.3.1 Signalling for Narrowhband INEEITACE. ..........corireee ettt e b et b e et sae e enenean 9
2.2.3.2 IWF-IWF SIGNaAITING.....cciiiiiitiieiieestee sttt sttt ettt e be e e st st e saebe s e eseebe e esesbeseebe e eseabeseebe s eseabeseeseseseasensnsenee
2.2.3.3 ATM Signaling.......cccccevevvirerenenrennnnen

2.2.3.4 Handling of Error Conditions
A PR

2241 ATM OAM MeSSages t0 D SUPPOIE .......cceuiieeeirieieieseeeete ettt ettt a et e e s sae e seeseenesee e ebeseeneseeneenens
2.2.4.2 OAM Signals Supported for Narrowband Trunks
2.2.4.3 Mapping between OAM Signals and Messages at the Interconnecting POINt ............cccooeveierennienieinense e 16
2.2.5 ATM AJPLALTION LAYES ......eieeeeeeieeeeeeteet ettt se st e e et heeae bt sbesbesbese e be s bese e s e e e ae e st ebeebesaesbesbeseeseenean 16
2.2.5.1 N-ISDN (out-0f-band) SIgNaING........cceiieiiiiiieieiei ettt b et se st e b et e s e s b e e e se s esesbeneenes 16
2.2.5.2 Channel AsSOCIAEEA SIGNAITING........ccviiiiirieiiiieie sttt st et et e e e b e e e se st e e e be s esesbaseese st esesbanenras 17
P22 T 1T 1 1o SR 17
A V= =T T 2 o | O 17
2.3 ONE-TO-ONE IMAPPING .....etuteuteueeueeuessesieesessessessessesseseesses e sse s essess e e eseeseeseaseabeabeseeaR e beseeaeense s e e enseseeaeeneebensesneerenne e 17
24 MANY -TO-ONE MAPPING ....ccttterttattetestessessessessessessese e eseesesaeaaesbessesheeheabesbese e b e Eese e s en s e e e e eseeseeaeebeebenbesneabenbeseennennan 18
ANNEX A: MANAGEMENT INFORMATION BASE FOR VTOA TRUNKING USING AALL.......ccceunee. 20
ANNEX B: ACRONY MS ...ttt sttt st s b e s b ettt e st st et e b et e b e e e ke se ek e seebeseebeseebeneebeneeneneenens 21
ANNEX C: INFORMATION ELEMENT CONTENTS ..ottt 22
C.1 SIGNALLING TO ESTABLISH V CC FOR IWF-IWF SIGNALLING .....ctetrtrtrieereniesresresie e s seeseeeesesessessessessesnesne e 22
C.1.1 ATM Adaptation Layer PArameLersS ..........ciiiiriererierieeeseeseeesiesessesessestesseseeseessessesssssessssssssesessessessessessessen 22
LS N 1Y = o I 1= o ]SS 22
C.1.3 Broadband Bearer Capability ..........cccccueeiiiirieiniiseseseeseeeeseeeeessesesresessesees e s e sesssssesseseesessessessessesssssnnsen 22
C.1.4 Broadband Low layer INformation EIEMENE..........ccccruereieieeiriere s st see s e e e e e sse e sne s s e 23
C.1.5 Quality Of SErVICE ParamMELErS.......ccueoveerirestisesestes e stesteeeeeseeeesesse s e srestesaeseesbesteseensesseneeseesessessessestesenseensen 23
C.2 SIGNALLING TO ESTABLISH VCC FOR 64 KBIT/S CHANNELS.....c.eiteterteterietesiesesiesesteestesestesessesessesessesessesessessesessenens 24
C.2.1 ATM Adaptation Layer PAramELErsS ..........cciiiirererierieeeneeseeesiesessessessesresseseeseessessessssessssessesessessessessessessen 24
(OS2 N 1Y, = o 1= o (o S 24
C.2.3 Broadband Bearer Capability Information EIEMENt...........ccooeeieiririsesie e s 25
C.2.4 Broadband Low Layer INfOrMation.........ccccviieerieriireserieseeeeseeeeessese e s e ssesees e seseesssseeseesessessesssssessesssseensen 25



af-vt0a-0089.000 Voiceand Telephony Over ATM -

July 1997 ATM trunking using AAL 1 for narrowband services
C.2.5 Quality Of SErVICE PAraMELEN .........ccceiiiiiiieiiectise st st te et e ettt e sae s te st s te st e te e s ae s esaeseeseeseesesaesnesreseennens 26
C.OIWEF-IWF SIGNALLING....ccuttettetteueesteeeestteeesressesbesssesseessesse e sesse e s e ese e seeaeeaaesaeeseeeaeesh e e aeesReeanenbeenrenr e e reeneenneaneenneens 27
C.3.1 Channel Id Information Element for One-to-0ne Mapping........cccoeereeesierestisieseseeseeseeseeseeesesessesseseesrenses 27
C.3.2 Channel Id Information Element for Many-t0-0NEMapPiNg ........cccecvreeeeieresiesieseseeseeseeseeseeesesesressessessenses 27
ANNEX D: (INFORMATIVE) TIMING RELATED TO ATM TRUNKING USING AAL1FOR
NARROWBAND SERVICES.......ccoiiieieteriete sttt sttt ettt st s be e besae b st s te s s be e sbe e s benesbe e sbe e sbe e es 28
D.1 TIMING REQUIREMENT .eiiiiiiiuttteeeieitreeeeseiatsseesssasssssesssesssssessesasssssssesssasssssssssanssssssssessssssssesisssssssessansssssesssesssseesesasns 28
D.1.1 One IWF Supporting One and Only One Legacy NEIWOIK ...........ccvieeieieiesiereseeseeeeeeeeeees e 28
D.1.2 One IWF Supporting More Than One Legacy NEWOTK..........ccciiieeerineiesese e 28
D.1.3 IWF Supporting Legacy Networks with Parallel Connectionto @ PSTN ........ccccceveieieieeiecenccecece e 29
D.1.4 IWF Supporting an INterfaceto PSTIN .........cccviiiiieiesieiereeseeee ettt st st e et e e se e snesre e 29
D.2 TIMING REQUIREMENTS......ciitttttttiiitreeteeeiitaeeeessassssesessesisssessesaasssessesssssssssssssasssessssessssssssesisssssssesssnssseesssasssseesesasns 29
200 =T o T 01 o SRR 29
D2z N o) T = = o I 1 o 30
.3 TIMING OPTIONS ....ueettiueestesitestees st e s st e st st e s saeeasesaeesae s e e saeess e AR e e s e e sE e e s R e eE e ea s e e Re e st eRe e ae e eaeeseeaaneseeennenbeennenreenrenreens 30
D 3.1 The Use Of @ ClOCK REfEIENCE .......cceiiieieieereete ettt sttt b e ebeseenas 30
D.3.1.1 PlESIOCHIONOUS IMOGE........cuciiiiiiirieieiseei ettt ekttt b e bkt e b bt s et bt e bt e et e et bebene e 30
[0 T s 1 TSRO 31
D.3.2 The USe Of PSTN @S @ REFEIENCE........ocovi ettt et st s ae e et sb e e be st e et e sbeenbeeaeenneens 31
D.3.3 The Use of @ Free RUNNING ClIOCK ..ottt 31
D.3.4 The Use Of AJADEIVE TIMING ....coiiiirietirieeriee ettt ettt sttt sttt st s b et bt s be et e be et e e 31
ANNEX E: (INFORMATIVE) EXAMPLE OF THE HYBRID CONFIGURATION.....cccoiieieereeeeese e 32

iv



Voiceand Telephony Over ATM - af-vt0oa-0089.000
ATM trunkingusing AAL1 for narrowband services July 1997

1 | ntroduction

1.1 Background

The ATM Forum'’s Circuit Emulation Service Interoperability Specification Version 2.0 (af-vtoa-0078.000) is
limited to structured DS1, E1, N x 64 kbit/s, and J2 service and to unstructured DS1, E1, DS3 and E3 service. Itis
based on the establishment of afacility with a fixed number of circuits (channels) between two end points. There are
market needs, especially in the enterprise networking environment, to extend these capabilities to provide additional
efficiency in the use of ATM backbone and narrowband access resources.

1.2  Scopeof the Document

This specification provides those extensions by defining capabilities to allow:

1. allocation of resources on an as-needed basis, which may be based on expected or actua traffic loading.

2. traffic from/to multiple end points (PBXs) to share those allocated facilities

3. cdlsto berouted to the desired destination facilities, which eliminates the need to dedicate specific narrowband
channelsto every destination.

ITU-T Recommendation 1.580 identifies the following three interworking scenarios for ATM networks and
Narrowband networks as depicted Figure 1.2-1:

1. Interconnection of an ATM terminal/network and a Narrowband terminal/network
2. Interconnection of two Narrowband networks viaan ATM network
3. Interconnection of two ATM networks via a Narrowband network.

f ISDN
ATM networ (Narrowbany}

L WEL [ network iTEl
(1) >

>

>

Figure 1.2-1: Communication Scenariosin Interworking between ATM Networ ks and Narowband Networks

This specification addresses scenario 2, in which the user interfaces and services are the same as those which are
currently provided by the narrowband network. It does not address scenarios 1 and 3 identified in 1.580 since they
are not directly related to ATM Trunking.

This specification utilizes and builds upon existing standards of recognized standards organi sations such as the
ITU-T. It does not include any new speech coding methods, but rather, specifies how the existing coded speech is
mapped into the ATM cdlls.

This specification defines the capabilities of the Interworking Function (IWF) to provide a means for the
interconnection of two Narrowband networks through an ATM network via ATM trunks. An ATM trunk is defined
here as one or more ATM Virtual Connections that carry a number of 64 kbit/s Narrowband channels and associated
signalling between a pair of IWFs. The only constraint placed on the number of Narrowband channels per Virtual
Connection, the number of Virtual Connections per ATM trunk, and the number of ATM trunks per IWF isthe
addressing mechanismsinherent in the ATM signalling upon which this capability is built.
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The IWFs provide the necessary adaptation functions to interconnect Narrowband equipment to the ATM network.
It should be noted that the IWF described here may be either a stand alone device with physical interfaces to the
ATM network and the Narrowband network or it may be integrated into either the ATM network equipment of the
Narrowband network equipment. This specification defines the IWF as alogical function which communicates with
apeer IWF on the other side of the ATM network.

This specification is limited to Network interworking functions. The IWF terminates the narrowband signalling
protocol in order to perform routing on aper call basis for the 64 kbit/s channels to the appropriate destination IWF.
The IWF transfers the service information, including the identity of the called user, transparently through the ATM
connection. This specification cites UNI 3.1, however UNI 4.0 may be used as well.

Service interworking is outside the scope of this specification. Transport of compressed voice with optional activity
detection is not addressed and may be the subject of future revisions.

1.3  Service Requirements

In support of the market needs, the following service requirements are identified:

e Cdl-by-cdl routing: An ahility to route calls on aper call basis to make more effective use of the transmission
and switching capabilities of the ATM network. This allows integration into one physical narrowband interface
of multiple access circuits carrying calls destined for different far ends. In thisway, it reduces the need for
tandem circuit switches. To provide this function, the IWF should be able to understand the signalling messages
for call set-up and call clearing and be able to establish ATM Trunks to more than one remote IWF.

»  Bandwidth on demand: An ability to allocate the bandwidth only when needed. The IWF providesthis
capability by alowing the establishment of facilities (VCCs) either based on predetermined traffic patterns or
when anew call set-up requiresit.

»  Bandwidth sharing: An ability to share the bandwidth with other types of service (e.g., data or other PBX). The
IWF provides the flexibility for efficient use of bandwidth by freeing up unneeded bandwidth for use by other
services.

e Support of DSI/E1 with signalling: An ability to support DS1/E1 interfaces with PSS1, DSS1, and E&M (CAS)
with DTMF signalling is required.

Not all of the signalling options described in this specification (DSS1, PSS1, CAS) need to be implemented in order
to be compliant with this specification. If any of these signalling options isimplemented in accordance with this
specification, that implementation is deemed to be compliant.

1.4  Network Interconnection Configurations

Figure 1.4-1 shows the potential network interconnection configurations of ATM trunking using AAL1 for
Narrowband services.

In Figure 1.4-1, six types of network interconnection configurations for ATM trunking services are presented.

()  Concatenation of private Narrowband networks via private ATM networks

(I1)  Concatenation of private Narrowband networks via public ATM networks

(1)  Concatenation of public Narrowband networks via public ATM networks

(IV) Concatenation of private Narrowband network and public Narrowband network via both private ATM
networks and public ATM networks

(V) Concatenation of private Narrowband networks via both private ATM networks and public ATM networks

(V1) Concatenation of public Narrowband network and private Narrowband network via public ATM networks.

This specification addresses only configurations|, 11, and V.
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Figure 1.4-1: Network Inter connection Configurationsof ATM Trunking using AAL 1 for Narrowband
Services

The ATM Trunking narrowband network to ATM Network interworking scenario can only be supported in private
ISDN network to private ATM network interworking (configuration I) or private narrowband network to a public
ATM network which supports the DSS2 message flows between IWFs described in Section 2.2.3 (configurations 1|
& V). Further study is needed to determine how public narrowband networks interworking with either public or
private ATM networks would support ATM Trunking (configurations 11, 1V, and V1).

1.5 Traffic Characterization

The traffic carried by the trunking described in this document includes speech and voice-band tel ephony services
such as FAX and voiceband modem services and the narrowband signalling associated with these services.

This service may provide support for both 64 kbit/s bearer channels and N x 64 kbit/s channels. No specific
requirements are described in this specification for the support of N x 64 kbit/s by the IWF such as the procedures
for maintaining time-slot integrity of the channels between the narrowband network..

1.6 References

1.6.1 Normative

»  af-nm-0020.000, M4 Interface Requirements and Logical MIB: Network Element Views (October 1994)

e af-uni-0010.002, UNI 3.1 - ATM Forum "User Network Interface Specification" version 3.1 (September 1994)
» af-vtoa-0078.000, Circuit Emulation Service Interoperability Specification Version 2.0 (January 1997)

o 1.363.1-1996, B-ISDN ATM Adaptation Layer (AAL) Specification, Type 1 and 2

* 1.363.5-1996, B-ISDN ATM Adaptation Layer (AAL) Specification, Type 5

» 1.371-1996, Traffic Control and Congestion Control in B-ISDN

e 1.431-1993, Primary rate User Network Interface - Layer 1 specification

» 1.432.1-1996, B-ISDN User-Network Interface: Physical layer specification - General characteristics

o 1.432.2-1996, B-1SDN User-Network Interface: Physical layer specification for 155 520 kbit/s and
622 080 kbit/s
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1.432.3-1996, B-ISDN User-Network Interface: Physical layer specification for 1 544 kbit/s and 2 048 kbit/s
1.432.4-1996, B-ISDN User-Network Interface: Physical layer specification for 51 840 kbit/s

1.580-1995, General arrangement for Interworking between B-1SDN and 64 kbit/s ISDN

1.610-1995, B-ISDN operation and maintenance principles and functions

Q.931-1993, Digital Subscriber Signalling System Number 1 (DSSL1) ISDN User Network Interface Layer 3
specification for basic call control

Q.2931-1995, Broadband Integrated Services Digital Network (B-1SDN); Digital Subscriber Signalling System
Number 2 (DSS2) B-ISDN User-Network Interface Layer 3 specification for basic call/connection control
ANSI/TIA/EIA-464-B, 1996, Requirements for Private Branch Exchange Switching Equipment

ANSI T1.102-1993, Digital Hierarchy - Formats Specifications

ISO/IEC 11572:1994, Information technology - Telecommunications and information exchange between

systems - Private Integrated Services Network - Circuit mode bearer services - Inter-exchange signalling
procedures and protocol

1.6.2 Informative

G.114-1993, One-way transmission time

(G.826-1993, Error performance parameters and objectives for international, constant bit rate digital paths at or
above the primary rate

1.555-1993, Frame relaying bearer service interworking

T1.401-1993, Interface Between Carriers and Customer Installations - Analog V oicegrade Switched Access
Lines Using Loop-start and Ground-start Signaling

T1.510-1994, Network Performance Parameters for Dedicated Digital Services
RFC 1573, Evolution of the Interfaces Group of MIB-II (January 20, 1994)

RFC 1902, Structure of Management Information for Version 2 of Simple Network Management Protocol
(SNMP v2) (January 1996) (revision of RFC1442)

RFC 2037, Entity MIB using SMIv2 (October 1996)

RFC 2127, ISDN Management Information Base using SMIv2 (March 1997)

RFC 2128, Dial Control Management Information Base using SMIv2 (March 1997)

RFC (TBD) (draft), Definition of Managed Objects for the DSO and DSO Bundle Interface Type (draft—ietf-
trunkmib—ds0-mib—03.txt)

RFC (TBD) (draft revision of RFC1406), Definition of Managed Objects for the DSI/E1 Interface Type (draft—
ietf—trunkmib—ds1-mib-05.txt)

RFC (TBD) (draft revision of RFC1407), Definition of Managed Objects for the DS3/E3 Interface Type (draft—
ietf—trunkmib—ds3—-mib-04.txt)
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2 Switched Trunking Options for 64 kbit/s
Channels

2.1 Overview

This section discusses the mechanisms identified for the transport of 64 kbit/s narrowband channels acrossan ATM
network with network interworking functions.

Figure 2.1-1 describes the two different ATM trunking mechanisms which are identified for the stated purpose.

IWF ATM Network IWF
DSS1/PSS DSS2 / NM DSS2 / NM SSSLPSSl

CAS VCC for IWF to IWF signalling for DSS1/PSS1 CAS
Note 1 VCC for 64 kbit/s channel widime-To-One mapping Note 1
PHY

DSS2 / NM DSS2 / NM PHY

VCC for IWF to IWF signalling for DSS1/PSS1
VCC for 64 kbit/s channels with Many-To-One mapping

Note 1: The narrowband signalling protocols at the two narrowband interfaces must be the same,
i.e, DSSL, PSS, or E&M (CAS) signalling. The IWF does not support any signalling protocol
conversion.

Figure2.1-1: ATM Trunking Mechanisms
Both mechanisms use one IWF to IWF signalling connection to transport narrowband DSS1 or PSS1 signalling
messages between two IWFs within an SSCF-UNI/SSCOP/AALS cell stream. For Channel Associated Signalling,

the IWF to IWF signalling is performed inband using DTMF and ABCD bit mapping onto AAL 1 according to
af -vtoa-0078.000 and is carried in the same V CC as the 64 kbit/s channels.

The first mechanism is called One-to-One mapping. It is represented in the upper portion of Figure2.1-1, and is
described in Section 2.3. Each 64 kbit/s channel is mapped into one ATM VCC.

The second mechanism is called Many-to-One mapping. It is represented in the lower portion of Figure 2.1-1, and is
described in Section 2.4. Multiple 64 kbit/s channels are mapped into one ATM VCC.

The functions which are common to both mechanisms are described in Section 2.2.

2.2 Common Functions

2.2.1 Service Description
2.2.1.1 Reference Configuration

Figure 2.2.-1 shows the reference configuration for ATM Trunking for Narrowband Services. Private or public
narrowband networks are shown connected to Interworking Functions (IWFs), which in turn are connected to either
public or private ATM networks via physical interfaces defined in Section 2.2.1.2. The narrowband networks
connect to the IWFs over E1 or DS1 facilities.
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An arbitrarily large number of IWFs can be connected to an ATM network, although for reasons of clarity and
simplicity, the figure shows only two IWFs. The purpose of the IWFsisto adapt the incoming signals from the
narrowband networks into a suitable format for carriage over the ATM networks and vice versa. ATM connections
are set up over the ATM networks between appropriate IWFs to support the desired number of adapted 64 kbit/s
narrowband channels.

TIE TE TE
NT2
NT2
—I— TorQ
IWE . IWE Narrowband
network

UNI UNI

Figure 2.2-1: Reference Configuration for Network I nterworking

The IWF for ATM trunking using AAL 1 provides a call by call switched service to the Narrowband Network as
shown in Figure 2.2-2. For the support of N-ISDN (out-of-band) signalling, the IWF terminates the Narrowband
Signalling and transports all Narrowband messages in a signalling connection set up with the remote IWF. For the
support of Channel Associated Signalling, the IWF terminates the narrowband signalling and signalling information
istransported in the same ATM virtual connection that carries the voice information. The services available to the
Narrowband network are independent of their availability in the ATM network.

Switched narrowband connections
established on a call by call basis

PBX

PBX

IWF

PBX RS

PBX

*Note: Some IWF implementations may support more than one narrowband system, e.g., PBXs.
However, local switching between PBXs within an IWF implementation is out of the scope of this
specification.

Figure 2.2-2: Example of Switched Service Configuration

2.2.1.2 Physical Layer Interfaces

For the support of N-ISDN (out-of-band) signalling, the interface between the N-1SDN network and the IWF is
defined in 1.431 (ISDN Primary Rate Interface).
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For the support of Channel Associated Signalling, the interface between the narrowband network and the IWF may
be E1 asdefined in G.703 or DS1 as defined in Section 3 of ANSI/TIA/EIA-464-B.

The interfaces between the IWF and the ATM network can be any one or more ATM interfaces defined by the ATM
Forum, or by the ITU-T 1.432.x series of UNI recommendations.

2.2.1.3 Performance Parameters
Delay:

ATM trunking for narrowband services introduces some additional delay to that encountered for the transport over
the ATM network. Thisis primarily associated with buffering to accommodate Cell Delay Variation introduced by
the ATM network, and cell construction delay.

Appropriate echo control measures are recommended on all speech connections where end-end delay exceeds that
specified in G.131.

Error Performance:

The error performance of trunked narrowband channels is impacted by cell errors, cell loss, and cell misinsertion in
the ATM network. Appropriate cell loss compensation is required in the IWF.

End-to-end Delay:

End-to-end delay requirements are application-dependent. End-to-end delay requirements are beyond the scope of
this specification. ITU-T Recommendation G.114 provides considerable guidance on the subject of delay.

Error Ratios:

Bit Error Ratio (BER) isthe ratio of the number of hit errors to the total number of bits transmitted in a given time
interval. There are no specific bit-error ratio requirements for 64 kbit/s service other than those implied by the
errored second and severely-errored second requirements that follow. (Source: ANSI T1.510-1994)

Service performance is also measured in terms of Errored Seconds (ES) and Severely Errored Seconds (SES).
Performance objectives for ES and SES are given in T1.510 for DS1 and in G.826 for EL.

2.2.2 Functionality of the IWF

The functionality of the IWF described in this specification is depicted in Figure 2.2-3. (For sake of illustration,
Figure 2.2-3 shows PBXs as the narrowband network and depicts specific functional components and an architecture
of the IWF. Other configurations of narrowband networks are possible, and the IWF may be implemented in other
ways than depicted.)

The IWF includes the following functions:

*  Signalling termination, to extract signalling from and insert signalling into the narrowband interface.

» Cdl Handling, to interpret the call setup and release signals from the connected narrowband equipment
including selection of the destination for each call

»  Switching, to allow any combination of channels from the narrowband side to be connected, on a call-by-call
basis, to any combination of ATM trunks. This consists of copying of the data octets from individual time-slots
from the DS1/E1 side into the desired channel positions on the ATM side and vice versa.

*  Multiplexing, to combine channels from multiple sources from the narrowband side towards ATM trunksto the
ATM network

»  Mapping and adaption, to insert the 64 kbit/s channels into the allocated channel positionsin the VCC
according to af-vtoa-0078.000.

* VCC management, to allocate and deallocate V CCs to distant PBXs as needed to support the traffic.
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Figure2.2-3: IWF Functionality for ATM Trunking

2.2.2.1 IWF Functionality with N-1SDN Signalling

The functionality of the IWF located at the interface between a Narrowband ISDN and a Broadband network, is
described as follows:

Trunks on E1 or DS1 facilities, with their associated out-of-band signalling channels, terminate on a Narrowband
switch function, which routes the 64 kbit/s channels from the incoming trunks so that channels which need to use the
same path across the ATM network may be grouped. Multiple outputs are multiplexed together and presented to a
mapping function, where the octets belonging to individual 64 kbit/schannels are mapped into the payload of AAL1
ATM cellsbelonging to agiven VCC. These ATM cells are carried by the VCCs connecting IWFs acrossthe ATM
network.

The out-of-band signalling channels are also presented to the call handling function so that the call handling function
can control the Narrowband switch function. The call handling function uses the services of SAAL and AAL 5to
transfer the Narrowband signalling messages across the ATM network to a peer IWF in a separate VCC.

If the VCCsto carry Narrowband signalling messages and 64 kbit/s channels are controlled by the IWF, then the
Call Handling function also generates messages as defined in UNI 3.1 for setting up these V CCs. Otherwise, the
V CCs are established by network management procedures.

The Call Handling of the IWF is limited to setup and release of point-to-point connections and shall not include
other services such as supplementary services.

2.2.2.2 IWF Functionality with Channel Associated Signalling

The functionality of the IWF located at the interface between a Narrowband network and a Broadband network and
utilizing CAS, is described as follows:

Trunks with CAS for supervisory signalling and DTMF for address signalling on E1 or DSL1 facilitiesterminate on a
Narrowband switch function, which routes the 64 kbit/s channels from the incoming trunks so that channels which
need to use the same path across the ATM network may be grouped. Multiple outputs are multiplexed together and
presented to a mapping function, where the octets belonging to individual 64 kbit/s channels are mapped into the
payload of AAL1 ATM cells belonging to agiven VCC. These ATM cells are carried by the VCCs connecting
IWFs across the ATM network.
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The narrowband switch function also presents the narrowband signalling (supervisory and address signalling) to a
call handling function. This call handling function controls the narrowband switch function in order to route the
individual 64 kbit/s channels to the correct VCC. The narrowband signalling information is transported in the same
ATM VCC as the associated speech information.

If the VCCsto carry 64 kbit/s channels are controlled by the IWF, then the Call Handling function also generates
messages as defined in UNI 3.1 for setting up these VCCs. Otherwise, the VCCs are established by network
management procedures.

2.2.3 Signalling

The signalling required includes signalling on the narrowband interface, IWF-IWF signalling, and IWF to ATM
network signalling as described in the following sections.

2.2.3.1 Signalling for Narrowband Interface

The signalling between the IWF and the narrowband network may be via either DS1 or E1 at the physical layer with
either narrowband 1SDN or CAS signalling.

2.2.3.1.1 N-ISDN signalling

The N-1SDN signalling may be either DSS1 as defined in Q.931 or PSSL.
2.2.3.1.2 Channel Associated Signalling

G.704 defines the framing structure for the Channel Associated Signalling bits for E1 and DSL1. The interpretation of
the signalling bits for E1 is not defined by this specification. The Channel Associated Signalling for DS1isE&M
supervisory signalling and DTMF address signalling as specified in Sections 4.2 and 6 of ANSI/TIA/EIA-464-B.
Dial pulse address signalling is not supported.

2.2.3.2 IWF-IWF Signalling

The signalling protocols between the IWFs can be one of the following and shall be the same as that used between
the connected narrowband equipment and the IWF:

» DSS1ISDN (Annex D, Q.931)
» PSS1 at the Q reference point for QSIG Transit Private Integrated Network Exchange (PINX)
» Channel associated signalling (E& M with wink start and DTMF according to ANSI/TIA/EIA-464-B)

2.2.3.2.1 Signalling for N-1SDN

Figure 2.2-4 shows the Protocol Reference Model for DSS1 or PSS1, which is useful to understand the signalling
requirements in the Interworking Function to interface Narrowband and ATM networks.
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Figure 2.2-4: IWF Reference Model for DSS1/PSS1

Signalling associated with 64 kbit/s channels carried between two IWFs is transported across the ATM network in
an SAAL cell stream within a separate VCC. It allows the signalling for Narrowband ISDN 64 kbit/s callsto remain
in the Narrowband domain from end-to-end. This separate VCC may be established asaPVC or asan SVC as
shown in Figure 2.2-5.

A single ATM VCC isrequired between a pair of IWFsto carry the IWF-IWF signalling aslong asan ATM VCC to
carry one or more 64 kbit/s channels exists between this pair of IWFs.

In order to correlate the circuit connections that are established using narrowband signalling with the established
resources a the ATM layer using ATM signalling or ATM management, aVirtual Circuit Connection Identifier
(VCCl), isdefined. ThisVCCI is carried with the ATM (or through management) as low layer information and with
the narrowband signalling as the interface identifier.

These VCCI values are assigned by the IWF that originates the ATM VCC. These values are unique to the
originating IWF only between a pair of IWFs. The VCCI is assigned at the beginning of an ATM VCC and remains
fixed for the lifetime of the VCC. After the VCC is disconnected, the associated VV CCI value may be reassigned to a
later VCC. Two identical VCCI values may be used when each value pertainsto a VCC originated at opposite ends
of the IWF-IWF connections.

Two octets (14 bits) are used for this VCCI between each pair of IWFs, including an identifier flag. The identifier
flag can take the values“0” or “1”. Theflag is used to identify which end of the IWF-IWF connection originated the
identifier. The origination side always sets the flag to “0”. The destination side always setsthe flag to “1". Theflag
is used to resolve simultaneous attempts to allocate the same identifier value.

Figures 2.2-5 and 2.2-6 show information flows among PBXs, IWFs, and the ATM network. Figure 2.2-5 shows
information flows when there are no existing ATM VCCsto carry the IWF-IWF signalling or the narrowband call.
Figure 2.2-6 shows information flows when VCCs already exist to carry the signalling and the narrowband call.

The following rules apply when the IWF-IWF signalling connection is an SVC. and only oneis desired:

» Either IWF, as needed, may set up asignalling connection to the other. An IWF shall not issue a setup to the
same ATM addressif an earlier setup is still pending of if asignalling connection is aready established.

» Onreceipt of an incoming setup for asignalling connection: If a signalling connection is already established
with the same ATM address, an IWF shall reject the setup; otherwise, accept it.

10
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If two signalling connections become established between the same pair of ATM addresses, an IWF shall send
messages only on the one that was set up by the numerically lower ATM address. It shall till accept messages
arriving on the other. An IWF shall release the signalling connection that was set up by the numerically higher
ATM address after an interval of 2 seconds has passed with no messages received.

PBX IWF —1 WF PBX

N-SETUP
B-SETUP (VCC for IWF-IWF signalling)

(O, B-SETUP
Call Proceeding \b
B-CONNECT «—corEee |

0) «————— 1 CONNECT

Wc for 64 kbit/s channel

B-SETUP
B-CONNECT o«
| B-CONNECT

N—

®@ N-SETUP © " |« o N-SETUP

within VCC for IWF-IWF signalling T
N-CONNECT ... - - - "m

N-CONNECT R

Note 1: Based on the Called Party number in the N-ISDN Setup message, the IWF finds the ATM
address of the destination IWF. If the VCC for the IWF-IWF signalling does not already exist, the
IWF sets up aVCC for the IWF-IWF signalling.

Note 2: Depending on the time to set up the VCCs, it may be necessary to send a call proceeding
message in order to avoid failures due to expiring timer.

Note 3: The IWF sets up a VCC for the 64 kbit/s channel (s) using Broadband Setup message with
B-LLI IE to identify the VCC.

Note 4: After the VCC to carry the narrowband call is established, the IWF sends a Narrowband
Setup message to the destination IWF over the IWF-IWF signalling connection. This N-SETUP
contains the VCCI value from the B-LLI |E of the B-SETUP. For Many-to-one mapping, it also
contains the number of the selected channel in the identified VCC.

Figure 2.2-5: Information Flows When VCCs Do Not Exist

11



af-vt0a-0089.000 Voiceand Telephony Over ATM -
July 1997 ATM trunking using AAL 1 for narrowband services

ATM
Network

PBX IWF — WF PBX

IWF-IWF signglling connection

VCC for 64 kbit/s channel(s)

\‘ )]
N-SETUP

(D N-SETUP s - e N-SETUP
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Note 1: Based on the Called Party number in the N-ISDN Setup message, the IWF finds the destination
IWF and the IWF-IWF signalling VCC. The IWF sends Narrowband Setup message to the destination
IWF over the IWF-IWF signalling connection.

Figure 2.2-6: Information Flows When VCCs Already Exist

2.2.3.2.2 Signalling for Channel Associated Signalling

Figure 2.2-7 shows the protocol reference model for the support of Channel Associated Signdling. The IWF
terminates narrowband CAS supervisory signalling and DTMF address signalling.

Call Handling
CAS IWF-IWF ATM signalling/N?t
signalling signalling for provisionning
IWF-IWF
CAS/DTMH
signalling
N x 64 Kkbit/s
I
Mapping
CAS Function DSS2
supervisolly
and DTMF
address AAL1 SAAL
signaling
ATM
PHY PHY
Narrowband Interface ATM Interface

Figure 2.2-7: IWF Reference Model to Support Channel Associated Signalling
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When a narrowband channel becomes active, the IWF, based on the called party number, finds the ATM address of
the destination IWF. If thereisno ATM VCC to the destination IWF available to carry the call, the IWF sets up an
ATM VCC to carry the call. Thisis shown in Figure 2.2-8. If thereisan ATM VCC to carry the call to the
destination IWF, the 64 kbit/s channel is mapped into the VCC. Thisis shown in Figure 2.2-9.

IWF-IWF signalling is also through Channel Associated Signalling. For DS1 applications, the address signalling
between IWFsis DTMF as specified in ANSI/TIA/EIA-464-B. Supervision signalling between IWFsis E& M with
wink start as specified in ANSI/TIA/EIA-464-B. Dia Pulse addressing signalling is not supported. Flash signals are
not transported between IWFs.

A separate VCC for IWF to IWF signalling is not required since the narrowband signalling information is
transported in the same ATM V CC as the associated speech information. The mapping is according to Section
2.3.1.2 of af-vtoa-0078.000, however, the limit of 24 or 31 channels for DS1 and E1 systems, respectively, shall not
apply. The number of channels per VCC is limited to 128. Speech information and DTMF tones are carried by the
payload portion of the AAL1 block. The Channel Associated Signalling bits are carried by the signalling portion of
the AAL1 block.

PBX IWF ATM IWF PBX
Network

Seizure

Wink startdelay dial

ial t 2
‘or dial tone(2)

digits !
igi q B-SETUP - B.SETUP

B-CONNECT {¢ B-CONNECT
B-CONNECT -ACK »l

B-CONNECT -ACK

seizure
|
< wink
digits .
Seizure
> -
Winkstart,delay dial or
dial tone(1, 2)
<
digits (1
gits (1) |
answer answer ¢ amse

q ‘ .......................................

Note 1: Not used for attendant-completing trunk circuits
Note 2: Not used for immediate-start trunk circuits

Figure 2.2-8: Information Flows When NoVCC Existsfor 64 kbit/s Channel
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digits (1) >
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Note 1: Not used for attendant-completing trunk circuits
Note 2: Not used for immediate-start trunk circuits

Figure 2.2-9: Information Flows When aVCC Already Exists

2.2.3.2.3 Glare Resolution

Glareisthe condition that occurs when two IWFs seize the same allocated channel position (“dot”)of the same
ATM VCC at about the same time such that the IWF-IWF signalling setup indications cross. For N-ISDN, this
occurs when both sides generate a N-SETUP message at about the same time. For Channel Associated Signalling,
glare is detected when the return offhook in the wink lasts beyond 350 ms. The IWF that had initiated the
establishment of the ATM VCC (for the 64 kbit/s channels) controls all the channel positions of the VCC. When
glare is detected by an IWF, the following apply:

e The controlling IWF should ignore the incoming narrowband call from the other IWF

e Thenon controlling side IWF should back out by giving priority to the incoming call fromn the other IWF and
by retrying the outgoing call on another channel. If no other channel is available, the non-controlling |FW
should clear the call.

2.2.3.3 ATM Signalling
ATM signalling is used between the IWF and the ATM network to set up:

e SVCsfor IWF-IWF signalling (for the case of N-ISDN signalling only)
e SVCsfor the 64 khit/s channels across the ATM network.

The call/connection control procedures of UNI 3.1 apply. The following sections detail the content of the setup
message. ATM signalling for the IWFs places no explicit constraints on other signalling messages.

14
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Addresses and I dentifiersfor Switched Virtual Channels (SVCs)

All SV Cs are point-to-point. Aswith all SV Cs, the endpoints must be identified during call setup with an ATM
address which may be of any of the three formats identified in Section 5.1.3 of the UNI 3.1 Specification, that is,
DCC, ICD, or E.164 format. Additional identifiersin the Broadband Low Layer Information (B-LLI) information
element (IE) distinguish the particular type of SVC being set up.

SETUP Message Contents

Section 5.3.1.7 of af-uni-0010.002, UNI 3.1 Specification, lists the mandatory and optional information elementsin
the SETUP message. This specification specifies values of certain fields in the following mandatory and optional
information elements:

ATM Adaptation Layer Parameters (optional)
ATM Traffic Descriptor (required)
Broadband Bearer Capability (required)
Broadband Low Layer Information (optional)
Quality of Service Parameter (required)

agkrwNPRE

Annex C lists the contents of these information elements both for setup of the IWF-IWF signalling channel and
setup of the SV C for 64 kbit/s channels. Note that in Annex C the fixed information element header fields and field
identifiers have been omitted from this specification. These must be included in the appropriate place in the
information elements.

The other information elementsidentified in UNI 3.1 Section 5.3.1.7 as optional remain optional for ATM Trunking
SVCs. This specification places no constraints on the values of the fields in these optional information elements.
2.2.3.4 Handling of Error Conditions

2.2.3.4.1 VCC Fault on the VCC Used for IWF-IWF Signalling

Whenever an IWF (or "Q.931" entity in an IWF) is notified that aVVCC used for signalling declares VC-AIS or
VC-RDI state, the following procedures apply:

e Any calls associated with the IWF-to-IWF signalling VCC and not in the Active state shall be cleared
internally. Cause #41 "temporary failure" may be indicated.

e For any call associated with the IWF-to-IWF signalling VCC and in the Active state, atimer T309 shall be
started. If timer T309 is aready running when the VCC declares VC-AlIS or VC-RDI state, the IWF shall stop
timer T309 and clear the call internally.

When VC-AIS or VC-RDI stateisreleased, the IWF shalll stop timer T309 and either:

e thelWF shall send a STATUS message with cause #31 "normal, unspecified" to report the current state to the
peer IWF; or

e thelWF shall perform the status enquiry procedure according to subclause 5.8.10 of ITU-T Q.931 to verify the
call state of the peer IWF. (Note: Q.931 and Q.SIG as specified by ISO/IEC 11572 use the same status enquiry
procedure.)

If timer T309 expires prior to the release of VC-AlIS or VC-RDI state, the IWF shall clear the mapping of the call to
its associated voiceband VCC, release the call reference, and enter the Null state.

2.2.3.4.2 VCC Fault on aVCC Used for 64 kbit/s Channel(s)

Whenever an IWF is notified that aVCC used for 64 kbit/s channel(s) declares VC-AIS or VC-RDI state, the
following procedures apply:

For CCS:
e For any call mapped to the VCC and in the disestablishment phase, no action shall be taken.

15
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e For any call mapped to the VCC and not in the disestablishment phase, the IWF shall clear the call to its peer
IWF with cause #31, "normal, unspecified", clear the mapping of the call to its associated voiceband VCC,
release the call reference, and enter the Null state.

For Channel Associated Signalling:
e For any call mapped to the VCC and in the disconnect phase, no action shall be taken.

e For any call mapped to the VCC and not in the disconnect phase, the IWF shall clear the call toward the
connected PBX with which the call is associated.

2.24 OAM

2.2.4.1 ATM OAM Messagesto be Supported

For VCCsused for IWF-IWF signalling, the IWF shall support VC-AlIS and VC-RDI defect indications, VCC
continuity check, and VC loopback capability as defined in 1.610. Support for VC performance management and VC
system management defined in 1.610 is for further study.

For VCCs used for 64 kbit/s channels, the IWF shall support VC-AIS and VC-RDI defect indications as defined in
1.610. Support for other VCC (F5 flow) OAM functions defined in 1.610 is for further study.

Support for VPC (F4 flow) OAM functions defined in 1.610 is for further study.

2.2.4.2 OAM Signals Supported for Narrowband Trunks

The IWF shall support the DSI/E1 alarm detection and reporting functions of the interfaces between the narrowband
network and the IWF defined in Section 2.2.1.2.

2.2.4.3 Mapping between OAM Signalsand Messagesat the I nterconnecting Point
No mapping between OAM signals and messages in the IWF is specified.

2.25 ATM Adaptation Layer

For the transport of IWF-IWF signalling to support N-ISDN (out-of-band) signalling, AAL type 5 shall be used.
For the user plane, AAL 1 shall be used with the cell coding method described in the following.

AAL1 as specified in ITU-T recommendation 1.363.1 has the capability to delineate repetitive, fixed-size “ blocks”
of data, each block being an integral number of octetsin size. This capability is used to carry multiple DSO timeslots
organized into blocks.

For a block size of one octet, corresponding to a single DSO stream (i.e., N=1), AAL1 provides block delineation
merely by aligning each AAL user octet with an ATM cell payload octet.

For a block size greater than one octet, AAL1 uses a pointer mechanism to indicate the start of a structure block. The
pointer operation shall be as described in ITU-T Recommendation 1.363.1 which requires the pointer to be inserted
at the first opportunity in a cycle of eight cells, as delimited by the AAL1 header sequence number O through 7.

2.2.5.1 N-ISDN (out-of-band) Signalling

For the support of connections using N-ISDN (out-of-band) signalling, to encode multiple 64 kbit/s channelsinto the
AAL1 SDT, ablock is created by collecting N octets - one from each N number of 64 kbit/s channels - and grouping
them in sequence. See Figure 2.2-10 for an example which shows the block structure for three 64 kbit/s channels.
The block size for Nx64 channelsis always N octets.
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AAL1 > Octet from the firdstmeslot in current frame
Pointer

Octet from the secondtimeslot in current frar

Octet from the thirdmeslot in current frame

Figure 2.2-10: Example Structure Format for 3x64 kbit/s

For the Many-to-One Mapping, the Channel number in the Channel 1d |E corresponds to the position number in the
SDT frame, i.e., the first channel isin the first octet in the SDT frame, the second channel isin the second octet, etc.

2.2.5.2 Channel Associated Signalling

For the support of connections using Channel Associated Signalling, the AAL 1 block structure specified in Section
2.3.1.2 of af-vtoa-0078.000 shall be used; however, the limit of 24 or 31 channels for DS1 and E1 based systems,
respectively, shall not apply. The number of channels per VCC islimited to 128.

Speech information and DTMF tones are carried by the payload portion of the AAL1 block. The Channel
Associated Signalling bits are carried by the signalling portion of the AAL 1 block.

2.2.6 Timing

All Narrowband 64 kbit/s channels are carried in AAL1 ATM cells using the synchronous mode of operation. In this
mode, the constant bit rate sources are frequency locked to the network clock. Thus, the Interworking Units must be
supplied with a clock traceable to a Primary Reference Source (PRS).

The basic clock required at the IWF isan 8 kHz clock. Thisis used for aligning the octets from the 64 kbit/s
channels for packing into ATM cells, and for the inverse operation on received ATM cells.

The technique used for the provision of the PRS at IWFs is beyond the scope of this specification.

2.2.7 Management

An ATM Trunking Interworking Function (TRK IWF) provides the necessary adaptation function to connect
Narrowband equipment with ATM equipment. Thus, the TRK IWF has a Narrowband side and an ATM side. In
general, the Narrowband side is implemented in equipment that supports one or more CBR interfaces (typicaly DS1
and/or E1 ports). Likewise, the ATM sideis supported by ATM ports. The ATM Forum's specification
atm-nm-0020.000 specifies the management of the ATM equipment (the "ATM side") by providing aMIB for ATM
Layer resources. Existing specifications do not address management aspects pertaining to the Service Interface and
interworking entities:

1. TheDSL, E1, JT2, DS3 or E3 Service Interfaces,
2. Narrowband switching function (Call control),
3. TheAAL1 entities, and

4. SAAL entities.

Annex A provides the Management Information Base (MIB) for the ATM Trunking using AAL L. (To be added by
addendum.)

2.3 Oneto-OneMapping

For the support of N-ISDN (out-of-band) signalling, an ATM VCC is required between a pair of IWFsfor the
transport of IWF-IWF signalling. For the support of Channel Associated Signalling, the narrowband signalling
information is transported with the same ATM V CC that carries voice information.

In either case, for the user plane, an ATM VCC isrequired for each 64 kbit/s channel. This VCC can either be set-up
and released individually for each voice call or it can be reused for a number of consecutive voice calls. The number
of such VCCs between a pair of IWFsislimited by the connection identifier used in the B-LLI Information Element,
which can identify up to 8192 different connections for each direction.
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The network configuration is described by Figure 2.3-1.

IWF ATM Network IWF
DSS2 / NM DSS2 / NM
VCC for IWF to IWF signalling for DSS1/PSS1
DSS1/PSSI VCC for one 64 kbit/s channel (one-to-one) DSS1/PSS1]
CAS VCC for one 64 kbit/s channel (one-to-one) CAS
PHY : PHY

| VCC for one 64 kbit/s channel (one-to-one) |

E— | I I

Figure 2.3-1: One-to-one Mapping Configuration

Since the individual 64 kbit/s calls are mapped on to separate ATM V CCs, the IWF does not require a switching
functionality.

The cell assembly delay is 5.875 msec.

This alternative is most appropriate for small trunk groups that sometimes even may be empty. It also offersthe full
bandwidth efficiency for larger trunk groups.

For One-to-One Mapping using N-1SDN (out-of-band) signalling, the Channel Id |IE in the IWF-IWF signalling
shall be coded as shown in Annex C.

24 Many-to-One Mapping

For the support of N-ISDN (out-of-band) signalling, an ATM VCC isrequired between a pair of IWFsfor the
transport of IWF-IWF signalling.

For the support of Channel Associated Signalling, the narrowband signalling information is transported on the same
ATM VCC that carries voice information.

For either case, for the user plane, an ATM VCC is required to carry multiple 64 kbit/s channels. The network
configuration is described in Figure 2.4-1.

IWF ATM Network IWF
DSS2 / NM DSS2 / NM
ATM VCC for IWF to IWF signalling for DSS1/PSS1
DSS1/PSS1 VCC for M x 64 kbit/s channels (many-to-one) DSS1/PSS1
CAS VCC for N x 64 kbit/s channels (many-to-one) CAS
PHY PHY

| VCC for P x 64 kbit/s channels (many-to-one) |

| I | |

Figure 2.4-1: Many-to-One Mapping Configuration

The IWF establishes an appropriate number of Many-to-One mapping connections between two IWFs. The
establishment can be done through ATM signalling, as the figure indicates, or through management. The number of
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V CCs between a pair of IWFsto carry the 64 kbit/s channelsis limited by the connection identifier used in the
B-LLI Information Element, which can identify up to 8192 different connections for each direction. The number of
64 kbit/s channels within each VCC islimited to 128.

This alternative is best for large trunks with a predictable traffic pattern, e.g., time of day traffic pattern. The IWF
adjusts the trunk capacity by activating and deactivating (establishing and releasing) ATM links of multiple 64 kbit/s
capacity to meet the need. The capacity not required by the N-ISDN may be released in the B-ISDN. When
sufficient surplus broadband capacity exists in the network, the IWF identifies aV CC to be released to reduce
surplus capacity. It then blocks accessto all unused 64 kbit/s circuits on this VCC. When all 64 kbit/s circuits on this
V CC are blocked (upon the release of the last 64 kbit/s call on the VCC), the ATM VCC can be released through
signalling or through management. The mechanism for blocking access to unused 64 kbit/s circuits on a particular

V CC between two IWFs isfor further study. See Figure 2.4-2.

VCC C released
N-ISDN calls released Channels on VCC B blocked
Channels on VCC C blocked N-ISDN calls released
Number of P channels ¢ v
. : VCC B released
Channels added (VCC q\‘ ot ;
allocated P A
N channels g :__"r_:_ v
added (VCC B) K \ i
~h 7/ ) :
M channels . e !
(preallocated) ;/v\ “ !
(vCc A) e "
Allocate . Actual or S
resources  _ -~ expected load S~
. ’ i S e —
ol

Time ————»

Figure 2.4-2: Capacity Allocation

For Many-to-One Mapping, the Channel Id IE in the IWF-IWF signalling shall be coded as shown in Annex C.
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ANNEX A: Management Information Base for VTOA
Trunkingusing AAL1

The Management Information Base (MIBs) will be added by addendum following additional study by the ATM
Forum.
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ANNEX B: Acronyms

AAL
CAS
DSS1
DSS2
DTMF
IWF
PRS
SDT
VCC
VCCI

ATM Adaptation Layer

Channel Associated Signalling

Digital Subscriber Signalling System Number 1 (Narrow-Band ISDN)
Digital Subscriber Signalling System Number 2 (Broadband-ISDN)
Dual Tone Multifrequency

Interworking Function

Primary Reference Source

Structured Data Transfer

Virtual Channel Connection

Virtua Channel Connection ldentifier

af-vtoa-0089.000
July 1997
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ANNEX C: Information Element Contents

This Annex describes the contents of the information elements of the SETUP messages between the IWF and the
ATM network for the establishment of the VCCs for the IWF-IWF signalling and for the 64 kbit/s channels. These
information elements are as defined in af-uni-0010.002, UNI 3.1.

C.1 Signalling to Establish VCC for IWF-IWF Signalling

The following information elements are used in the SETUP to establish the VCC for IWF-IWF signalling.

C.1.1 ATM Adaptation Layer Parameters

Theformat of the ATM Adaptation Layer Parameters Information Element shall be as shown in Section 5.4.5.5 of
af-uni-0010.002 and the contents shall be encoded as shown in Table C.1.1.

Field Value
AAL Type (octet 5) '0000 0101' AAL type5
SSCS Type ‘0000 0011' ITU-T Q.2110 (SSCOP assured operation) with
(octet 8.1) UNI SSCF Q.2130
(value to be confirmed by ITU-T SG11 for inclusion in
Q.2931)

TableC.1.1: AAL Parameters|E Field Values
for Establishment of IWF-IWF Signalling ATM VCCs

C.12 ATM Traffic Descriptors

Theformat of the ATM Traffic Descriptor Information Element shall be as shown in Section 5.4.5.6 of
af-uni-0010.002 and the forward and backward peak cell rates shall be included. The values of the rates are
application specific.

C.1.3 Broadband Bearer Capability

Theformat of the Broadband Bearer Capability Information Element shall be as shown in Section 5.4.5.7 of
af-uni-0010.002 and the contents shall be encoded as shown in Table C.1.3.

Field Value
Bearer Class (octet 5) '10000' BCOB-X
Traffic class (octet 5a) '010" Variable bit rate
Timing requirements (octet 5a) 10" End-to-end timing not required
User plane connection configuration '00" Point-to-point
(octet 6)

Table C.1.3: Broadband Bearer Capability |E Field Values
for Establishment of IWF-IWF Signalling ATM VCCs
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C.1.4 Broadband Low layer Information Element

Theformat of the Broadband Low Layer Information Information Element shall be as shown in Section 5.4.5.9 of
af-uni-0010.002 and the contents shall be encoded as shown in Table C.1.4.

Field Value
User Information Layer 3 Protocol '01011' ISO/IEC TR 9577
(octet 7)
ISO/IEC TR 9577 Initial Protocol '1000 000" IEEE 802.1 SNAP
Identifier (IPI) (octet 7a= 0100 0000
(octet 7a, 7b) octet 7b = 1000 0000)

Organizational Unit Identifier (OUI) x'00 A0 3E' ATM Forum OUI
(octets 8.1-8.3)

Protocol Identifier (PID) X'000C'" VTOA ATM trunking
(octets 8.4-8.5)

Table C.1.4: Broadband Low Layer Information |E Field Values
for Establishment of IWF-IWF Signalling ATM VCCs

C.1.5 Quality of Service Parameters

Theformat of the Quality of Service Parametes Information Element shall be as shown in Section 5.4.5.18 of
af-uni-0010.002 and the contents shall be encoded as shown in Table C.1.5a when operating over networks that are
compliant with the ATM Forum specifications and as shown in Table C.1.5b when operating over networks that are
ITU conformant but not ATM Forum compliant.

Field Value
Coding standard (octet 2) 11" Standard defined for the network
QoS Class Forward (octet 5) ‘0000 0011" QoS Class 3 - Connection oriented protocol
QoS Class Backward (octet 6) ‘0000 0011 QoS Class 3 - Connection oriented protocol

Table C.1.5a: QoS Parameter |E Field Valuesfor IWF-IWF Signalling ATM VCCs
(ATM Forum Compliant Network)

.Field Value
Coding standard (octet 2) ‘00" ITU standard
QoS Class Forward (octet 5) ‘0000 0000" QoS Class 0 - Unspecified QoS class
QoS Class Backward (octet 6) ‘0000 0000" QoS Class 0 - Unspecified QoS class

Table C.1.5b: QoS Parameter |E Field Valuesfor IWF-IWF Signalling ATM VCCs
(Non-ATM Forum Compliant Network)
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C.2 Signalling to Establish VCC for 64 kbit/s Channels

The following information elements are used to establish the SV C for the 64 kbit/s channels for ATM trunking.

C.2.1 ATM Adaptation Layer Parameters

Theformat of the ATM Adaptation Layer Parameters Information Element shall be as shown in Section 5.4.5.5 of
af-uni-0010.002 and the contents shall be encoded as shown in Table C.2.1.

If the called party does not accept these parameters, it should release the call with cause 93 (AAL Parameters not
Supported).

Field Value
AAL Type (octet 5) '0000 0001' AAL Typel
Subtype (octet 6.1) ‘0000 001Q" Circuit Transport
CBRrate ‘0000 0001' 64 khit/s
(octet 7.1) '0100 0000 Nx64 kbit/s, N>1
Multiplier Thevalue 'N' for Nx64 khit/s.
(Octets 8.1 and 8.2) Omit field for 64 kbit/s case.
Structured Data Transfer Blocksize Sizein octets
(Octets 11.1 and 11.2)
Partially filled cells method K, the number of AAL-user octetsfilled per cell.
(octet 12.1) Omit field if partial cell fill isnot used

TableC.2.1: AAL Parameters|E Field Values
for Establishment of Nx64 ATM Trunking SVCs

C.2.2 ATM Traffic Descriptor

Theformat of the ATM Traffic Descriptor Information Element shall be as shown in Section 5.4.5.6 of
af-uni-0010.002 and the contents shall be encoded as shown in Table C.2.2.

Field Value

Forward peak cell rate CLP=0+1 Must be provided
(Octets 7.1, 7.2, 7.3)

Backward peak cell rate CLP=0+1 Must be provided
(Octets 8.1, 8.2, 8.3)

Best effort indicator Must be omitted
(Octet 17)
Traffic management optionsidentifier | Must be omitted
(Octet 18)

Note: It isrecommend that other fields shown in Section 5.4.5.6 of af-uni-0010.002 be omitted.

Table C.2.2 ATM Traffic Descriptors|E Field Values
for Establishment of ATM Trunking SVCs
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C.2.3 Broadband Bearer Capability Information Element

Theformat of the Broadband Bearer Capability Information Element shall be as shown in Section 5.4.5.7 of
af-uni-0010.002 and the contents shall be encoded as shown in Table C.2.3.

Field Value
Bearer Class (octet 5)
Traffic Type (octet 5a)

Timing Reguirements (octet 5a)

'10000' BCOB-X
'001' Constant bit rate
‘01" End-to-end timing required

'00" Not susceptible to clipping
'00" Point-to-point

Susceptibility to clipping (octet 6)

User Plane Connection Configuration
(octet 6)

Table C.2.3: Broadband Bearer Capability |E Field Values
for Establishment of ATM Trunking SVCs

C.2.4 Broadband Low Layer Information

Theformat of the Broadband Low Layer Information Information Element shall be as shown in Section 5.4.5.9 of
af-uni-0010.002 with the addition of octets 5a and 5b as indicated by the use of the extension bit of octet 5 being
“0". The contents shall be encoded as shown in Table C.2.4.

Thisinformation element identifies that the signalling entitiesare ATM Forum ATM Trunking AAL User Entities
as specified in this ATM Trunking-Interoperability Specification. It also identifies the specific service and coding
approach for Nx64 kbit/s service.

Field Value
User Information Layer 1 Protocol '00001" VTOA Trunking Interface Identifier
(octet 5)
User Information Layer 1 Protocol "TFxxxxxx' where:
(octet 5a) F(lag)=0: message is sent from side that originates the VCCI

F(lag)=1: messageis sent to side that originates the VCCI
"xxxxxx' the most significant bits of the VCCI

xxxxxxx' the least significant bits of the VCCI
(Note 1)

User Information Layer 1 Protocol
(octet 5b)

User Information Layer 3 Protocol
(octet 7)

'01011' ISO/IEC TR 9577
(Protocol Identification in the Network Layer)

ISO/IEC TR 9577
Initial Protocol Identifier (1PI)
(octet 73, 7b)

'1000 000" |EEE 802.1 SNAP
(octet 7a= 0100 0000
octet 7b = 1000 0000)

SNAPID
(octet 8)

“ Oon

25



af-vt0a-0089.000 Voiceand Telephony Over ATM -
July 1997 ATM trunking using AAL 1 for narrowband services

Organizational Unit Identifier (OUI) x'00 A0 3E' ATM Forum OUI
(octets 8.1-8.3)

Protocol Identifier (PID) x'000D' E1 w/CAS
(octets 8.4-8.5) x'00 OE' DS1 SFw/CAS
x'00 OF' DS1 ESFw/CAS
x'00 10' CCS (N-ISDN)

Note 1: The number of bits used for the VCCI is 14, which includes the flag.

Table C.2.4: Broadband Low Layer Information |E Field Values
for Establisment of ATM Trunking SVCs

C.2.5 Quality of Service Parameter

Theformat of the Quality of Service Parametes Information Element shall be as shown in Section 5.4.5.18 of
af-uni-0010.002 and the contents shall be encoded as shown in Table C.2.5a when operating over networks that are
compliant with the ATM Forum specifications and as shown in Table C.2.5b when operating over networks that are
ITU conformant but not ATM Forum compliant.

Field Value
Coding Standard (octet 2) 11" Standard defined for the network
QoS Class Forward (octet 5) ‘0000 0001 QoS Class 1
QoS Class Backward (octet 6) '0000 0001' QoS Class1

Table C.2.5a: QoS Parameter |E Field Valuesfor ATM Trunking SVCs
(ATM Forum Compliant Network)

Field Value
Coding Standard (octet 2) '00" ITU standard
QoS Class Forward (octet 5) '0000 0000" QoS Class 0 - Unspecified QoS Class
QoS Class Backward (octet 6) '0000 0000" QoS Class 0 - Unspecified QoS Class

Table C.2.5b: QoS Parameter |E Field Valuesfor ATM Trunking SVCs
(Non-ATM Forum Compliant Network)
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C.3 IWF-IWF Signalling

When DSS1 or PSS1 signaling is being used, the Channel ID information element as defined in Q.931, Section
4.5.13 isused in the IWF-IWF signalling VCC to identify a channel for anew call. Since the channel negotiation
procedures do not apply, octet 3 shall be coded to indicate "Exclusive".

C.3.1 Channd Id Information Element for One-to-one Mapping
For one-to-one mapping, the contents of the Channel ID |E shall be aslisted in Table C.3.1.

Field Value
(octet 3) '11101001
Interface ID VCCI from B-LLI IE (see Table C.2.4 octet 5a)
(octet 3.1) (ext bit=0 + flag + upper 6 bits)
Interface ID VCCI from B-LLI IE (see Table C.2.4 octet 5b)
(octet 3.1 +) (ext bit=1 + lower 7 bits)
Coding Standard '11' (standard defined for the network)
(octet 3.2)
Channel Type '1011' ATM VCC
(octet 3.2)

Table C.3.1: Channel Id |E Field Valuesfor One-to-one Mapping

C.3.2 Channd Id Information Element for M any-to-oneM apping

For many-to-one mapping, the format of the Channel Number field listed in Table C.3.2 isin accordance with the
conventions defined in Q.931. Thefirst channel of aVCC is numbered "0" for both DS1 and E1 based systems, with
the extension bit as defined in Q.931 (always “1"). The use of the "slot map" format in octet 3.3 is not supported.

Field Value
(octet 3) '11101001"
Interface ID VCCI from B-LLI IE (see Table C.2.4 octet 5a)
(octet 3.1) (ext bit=0 + flag + upper 6 bits)
Interface ID VCCI from B-LLI IE (see Table C.2.4 octet 5b)
octet 3.1 +) (ext bit=1 + lower 7 bits)
Coding Standard 11 standard defined for the network
(octet 3.2)
Channel Type '1011' ATM VCC
(octet 3.2)
Channel Number Ext bit="1" + 7 bit binary value to identify the position in the
(octet 3.3) AAL1 structure

Table C.3.2: Channel 1d | E Field Valuesfor Many-to-one M apping
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ANNEX D: (Informative) Timing Related to ATM Trunking
using AAL 1 for Narrowband Services

Timing is an essential function when supporting voice and especially when interworking with synchronous legacy
networks as in the case of voice trunking.

D.1 Timingrequirement

The requirement depends very much on how alegacy network like a PBX is connected to its surrounding. A
connection over ATM can accept an “elastic” timing scheme allowing relatively large accumulated phase error
between interconnected entities. The elasticity over ATM is much larger than what the existing PSTN can accept.
All entities that are interconnected using existing transmission equipment are therefore also bound by the
requirement of these transmission equipment. From the service aspect however, the elasticity of ATM can be
generally accepted.

The following scenarios are considered.

D.1.1 OnelWF Supporting One and Only One L egacy Networ k

In this case, it is assumed that the legacy network is without parallel interfaces to the PSTN beside the one offered
by the IWF over ATM as shown in Figure D.1.

o |LOSVEL | e ATM

network

FigureD.1: Single IWF and PBX

Through the ATM network, the IWF with its connected legacy network (PBX) is separated from the PSTN allowing
an elastic timing.

D.1.2 OnelWF Supporting More Than One L egacy Networ k

Thisisacase of agroup of legacy networks without parallel interfaces to the PSTN other than the one offered by the
IWF and ATM as shown in Figure D.2.

PBX \
/

IWF ATM
network

PBX

PBX

Figure D.2: Single IWF Supporting a Number of PBXs
Through the ATM network, the group of legacy networks (PBXSs) is separated from the PSTN allowing an elastic

timing of the group. Internally within the group however, the elasticity can not be accepted unless the IWF isusing
aninternal switching fabric based on ATM which only is possible in the one-to-one mapping case.
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D.1.3 IWF Supporting L egacy Networkswith Parallel Connection to a PSTN
The legacy network may have paralel interfacesto PSTN as shown in Figure D.3.

PBY DS1/E1 IWE

PBX /

FigureD.3: Single IWF and PBX

In this scenario the timing requirements are defined by the PSTN and the timing elasticity offered by ATM can not
be utilized when synchronizing the IWF and connected entities.

D.1.4 IWF Supporting an Interfaceto PSTN
The IWF is connected to the PSTN as shown in Figure D.4.

DSL/EL | e ATM

PSTN reference

FigureD.4: Single IWF and PSTN

In this case, the timing requirements are defined by the PSTN.

D.2 Timing Requirements

The following requirement is limited to end system at customer premises. Core systems have to meet the full
requirement for existing PSTN. The requirement does only apply to the narrowband side of the IWF.

D.2.1 Elastic Timing

When elastic timing applies, it can reduce the timing requirement for the IWF and the connected legacy network.
See the scenariosin Sections D.1.1 and D.1.2.

» Itissuggested that, for timing elasticity, an accumulated phase error of 2 msec should be allowed, which
matches the maximum CDV. Thiswill, however, increase the delay correspondingly.

*  Themomentary frequency requirement will typically be defined by the transmission link between the IWF and
the legacy network which typically means on the order of 50 ppm. The service requirement from voice and
video is even more relaxed (e.g., comparing with the Hi-Fi standard of 100 ppm).

»  Thebit error rate is defined by the existing PSTN (on the order of 10° or better).
» Thediprateisdefined by the existing PSTN (one slip every third day?).
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D.2.2 Non Elastic Timing

This corresponds to the requirement for the existing PSTN where the elasticity is limited by existing TDM
transmission (with small buffers). For end systems like PBXs, the differenceis only in the elasticity; the other
requirements are identical.

»  Accumulated phase error hasto be less then 13 usec.

»  The momentary frequency requirement will typically be defined by the transmission link between the IWF and
the legacy network which typically meansin the order of 50 ppm. The service regquirement from voice and
video is even more relaxed (e.g., comparing with the Hi-Fi standard of 100 ppm).

«  Thebit error rateis defined by the existing PSTN (on the order of 10° or better).
e Thediprateisdefined by existing PSTN (one dlip every third day?).

D.3 Timing Options
The following options exist for synchronizing the IWF.
The IWF is generally required to distribute timing to connected legacy end systems.

The timing of the IWF can be as described by Figure D.5 which indicates three possible clock references and two
locations where slip may occur.

IWF
Slip?
AL O Circuit >
T1/DS1 Switch AAL1 ATM
¢ p - >< slip? ¢

I?STN e « ----- reference
reterencen. ... DU RURURIURPPR I . Clock
reference

Figure D.5: Clocking of the IWF

D 3.1 TheUseof a Clock Reference

In other cases, the clock reference may be derived from the physical layer of the ATM network or a completely
separate link such as GPS. The clock reference has to be PRC traceable in order to meet the PSTN requirement.

D.3.1.1 Plesiochronous Mode
The clock referenceis directly used by the IWF for internal timing and for clock distribution.

A dlip strategy has to be considered for the IWF, considering that connected entities are not using the same clock
reference.

Whenever aclock reference is available, thisis the preferred option which completely meetsthe PSTN service
requirements.
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D.3.1.2 SRTS

When aclock reference is available, the SRTS mechanism can be used to retrieve timing from aremote IWF and to
use thisfor clock distribution. This does require that the ATM connection used to carry timing is permanent.

The SRTS mechanism is, however, not needed in order to meet the PSTN requirement and therefore not
recommended.

D.3.2 TheUseof PSTN as a Reference
An IWF connected to a PSTN shall preferably use the clock derived from the PSTN.

Slip handling, when required, will thereby be moved from the narrowband side of the IWF to the broadband side
where there will likely be the larger buffer. Slip of more than just single octets may be considered in order to reduce
the dlip rate.

D.3.3 The Use of a Free Running Clock

If the requirement on dlip rate is relaxed, the use of free running clock in the IWF might be realistic.
Asareference, it should be noted that 125 usec dips every 10 seconds requires 10°° in clock accuracy and that this
may be acceptable for speech but not for PSTN servicesin general.

D.3.4 TheUseof Adaptive Timing

The adaptive mechanism is only available when the IWF (using ATM to connect PSTN) represents the only
connection to PSTN and thereby allows for elastic timing. See the scenariosin D.1.1 and D.1.2. The adaptive
mechanism does not work unless the acceptable elasticity is on the same order asthe CDV. The average delay over
an ATM network will be load dependent (within the limit of CDV) and it is therefore unavoidabl e that regenerated
timing will follow the change in average delay.

The adaptive mechanism also requires a permanent (always active) ATM connection to a clock source in order to
meet the stated accuracy requirement above.

The main advantage with adaptive timing isthat it can meet the PSTN service related requirement (e.g., slip) with
the given assumptions.

Adaptive timing is suggested when a separate PRC traceable clock referenceis not available.
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ANNEX E: (Informative) Example of the Hybrid
Configuration

In order to support dynamic allocation of bandwidth for flexible situations, the one-to-one mapping and the many-
to-one mapping may be combined into a“hybrid” solution. The hybrid solution offers the possibility to combine
pre-allocated resources, using many-to-one mapping, with on-demand controlled resources, using both many-to-one
and one-to-one mapping.

Thefollowing is an example of the hybrid solution.

The pre-allocated resources between a pair of IWFs consists of aVVCC for many-to-one mapping to carry “M”
channels as described in Section 2.4 (PVC or SVC).

At some point, determined either by the actual traffic or on a scheduled basis, a second VCC to carry “N” channels
isadded, utilizing the same signalling VCC (PVC or SVC).

When the narrowband users’ demand exceeds what can be handled by these two V CCs, the one-to-one mapping as
described in Section 2.3 is used to add resources for one additional channel at atime (SVC).

IWF ATM Network IWF

DSS2/ NM DSS2 / NM
VCC for IWF to IWF signalling for DSS1/PSS1

DSSI/PSS1 VCC for M 64 kbit/s channels (many-to-one) DSSV/PSSL
CAS * VCC for N 64 kbit/s channels (many-to-one) CAS *

PHY V/CC for one 64 kbit/s channel (one-to-one) PHY

V CC for one 64 kbit/s channel (one-to-one

* Signalling the same on both ends.

FigureE.1: The Hybrid Configuration
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