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Foreword

This Technical Specification (TS) has been produced by the 3 Generation Partnership Project (3GPP).

The present document identifies the Mobile-services Switching Centre/Interworking functions (M SC/IWFs) and
requirements to support interworking between:

i) PLMN and PSTN;
i) PLMN and ISDN;
within the 3GPP system.

The contents of the present document are subject to continuing work within the TSG and may change following formal
TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Version x.y.z
where:
x thefirst digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

y the second digit isincremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z thethird digit isincremented when editorial only changes have been incorporated in the document.

ETSI
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1 Scope

The present document identifies the Mobile-services Switching Centre/Interworking Functions (M SC/IWFs) and
requirements to support interworking between:

a PLMN and PSTN;
b) PLMN and ISDN;

for circuit switched servicesin the PLMN. It is not possibleto treat ISDN and PSTN as one type of network, even when
both ISDN and PSTN subscribers are served by the same exchange because of the limitations of the PSTN subscribers
access i.e. analogue connection without D-channel signalling.

Within the present document, the regquirements for voice and non-voice (data) calls are considered separately.
From R99 onwards the following services are no longer required by a PLMN:
- thedual Bearer Services"aternate speech/data’ (BS 61) and "speech followed by data" (BS 81);
- thededicated services for PAD (BS 4x) and Packet access (BS 5x);
- the single asynchronous and synchronous Bearer Services (BS 21..26, BS 31..34).
From Rel-4 onwards the following services are no longer required by a PLMN:
- the synchronous Bearer Service non-transparent (BS 30 NT);
- the Basic Packet access,
- Non-transparent facsimile (TS 61/62 NT) for the A/Gb mode and GERAN lu mode.
If aPLMN still provides these servicesit shall fulfil the specification of former releases.

The present document is valid for aPLMN in A/Gb mode as well asin lu mode. If text applies only for one of these
systemsit is explicitly mentioned by using the terms " A/Gb mode" and "1u mode”. If text appliesto both of the systems,
but a distinction between the ISDN/PSTN and the PLMN is necessary, the term "PLMN" is used.

NOTE: The Gb interface does not play any role in the scope of the present document although the term *A/Gb
mode" is used.

2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the
present document.

» References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

« For aspecific reference, subsequent revisions do not apply.

» For anon-specific reference, the latest version applies. In the case of areference to a 3GPP document
(including a GSM document), a non-specific reference implicitly refersto the latest version of that document
in the same Release as the present document.

[1] ITU-T Recommendation G.711: "Pulse Code Modulation (PCM) of voice frequencies'.
[2] ITU-T Recommendation 1.460: "Multiplexing, rate adaption and support of existing interfaces”.
[3] ITU-T Recommendation |.464: "Multiplexing, rate adaption and support of existing interfaces for
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Mobile Network (PLMN) system".

[27] 3GPP TS 44.021: " Rate adaption on the Mobile Station - Base Station System (MS - BSS)
interface”.

[28] 3GPP TS 48.020: "Rate adaption on the Base Station System - Mobile-services Switching Centre
(BSS - MSC) interface”.

[29] 3GPP TS 48.060: "Inband control of remote transcoders and rate adaptors for full rate traffic
channels'.

[30] 3GPP TS 09.02 : "Mobile Application Part (MAP) specification GSM Phase 1".

[31] 3GPP TS 49.003: " Signalling requirements on interworking between the Integrated Services
Digital Network (ISDN) or Public Switched Telephone Network (PSTN) and the Public Land
Mobile Network (PLMN)".

[32] 3GPP TS 21.103: "3rd Generation mobile system Release 5 specifications ™.

[33] 3GPP TS 22.002: "Circuit Bearer Services (BS) supported by a Public Land Mobile Network
(PLMN)".

[34] 3GPP TS 22.004: "General on supplementary services'.

[35] 3GPP TS 23.003: "Numbering, addressing and identification".

[36] 3GPP TS 23.008: " Organization of subscriber data’".

[37] 3GPP TS 23.011: "Technical realization of supplementary services'.

[38] 3GPP TS 23.146: "Technical realization of facsimile group 3 non-transparent”.
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[40] 3GPP TS 24.008: "Mobile radio interface layer 3 specification; Core network protocols; Stage 3".

[41] 3GPP TS 24.022: "Radio Link Protocol (RLP) for circuit switched bearer and teleservices ™.

[42] 3GPP TS 25.415: "UTRAN lu interface user plane protocols'.

[43] 3GPP TS 27.001: "General on Terminal Adaptation Functions (TAF) for Mobile Stations (MS)".

[44] 3GPP TS 27.002: "Terminal Adaptation Functions (TAF) for services using Asynchronous bearer
capabilities".

[45] 3GPP TS 27.003: "Terminal Adaptation Functions (TAF) for services using Synchronous bearer
capabilities".

[46] 3GPP TS 29.002: "Mobile Application Part (MAP) specification".

[47] 3GPP TS 24.002: "GSM - UMTS Public Land Mobile Network (PLMN) access reference
configuration "

[48] I SO/IEC 3309: "Information technology - Telecommunications and information exchange between
systems - High-level Data Link Control (HDLC) procedures - Frame structure”.

[49] IETF RFC 1662: "PPP in HDLC-like framing".

[50] Mobile Internet Access Forum: "PIAFS Specification Ver. 1.1, 2.1".

[51] ITU-T Recommendation V.8: "Procedures for starting sessions of data transmission over the

public switched telephone network".

ETSI



3GPP TS 29.007 version 5.13.0 Release 5 11 ETSI TS 129 007 V5.13.0 (2005-12)

[52]

[53]
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[65]

[66]

[67]

[68]
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[70]

[71]

[72]
[73]

3GPP TS 26.111: "Codec for circuit switched multimedia telephony service; Modifications to
H.324".

3GPP TR 23.910: " Circuit switched data bearer services'.

ITU-T Recommendation H.223: "Multiplexing protocol for low bit rate multimedia
communication".

ITU-T Recommendation H.223 (Annex A): "Multiplexing protocol for low bit rate multimedia
communication over low error-prone channels’.

ITU-T Recommendation H.223 (Annex B): "Multiplexing protocol for low bit rate multimedia
communication over moderate error-prone channels'.

ITU-T Recommendation H.223 (Annex C): "Multiplexing protocol for low bit rate multimedia
communication over highly error-prone channels'.

ITU-T Recommendation H.324: "Terminal for low bit-rate multimedia communication".

ITU-T Recommendation H.221: "Frame structure for a 64 to 1920 kbit/s channel in audiovisual
teleservices'.

ITU-T Recommendation H.242: " System for establishing communication between audiovisual
terminals using digital channels up to 2 Mbit/s".

ITU-T Recommendation H.245: " Control protocol for multimedia communication"”.

ITU-T Recommendation V.8 bis: "Procedures for the identification and selection of common
modes of operation between data circuit-terminating equipments (DCEs) and between data
terminal equipments (DTES) over the public switched telephone network and on leased point-to-
point telephone-type circuits'.

ITU-T Recommendation V.21: "300 bits per second duplex modem standardized for usein the
genera switched telephone network™.

ITU-T Recommendation V.22bis (1988): "2400 bits per second duplex modem using the
frequency division technique standardized for use on the general switched tel ephone network and
on point-to-point 2-wire leased telephone-type circuits'.

ITU-T Recommendation V.23: "600/1200-baud modem standardized for use in the general
switched telephone network".

ITU-T Recommendation V.26: "2400 bits per second modem standardized for use on 4-wire
leased telephone-type circuits”.

ITU-T Recommendation V.26 bis: "2400/1200 bits per second modem standardized for use in the
genera switched telephone network".

ITU-T Recommendation V.26 ter: 2400 bits per second duplex modem using the echo
cancellation technique standardized for use on the general switched telephone network and on
point-to-point 2-wire |eased telephone-type circuits'.

ITU-T Recommendation V.27: "4800 bits per second modem with manual equalizer standardized
for use on leased telephone-type circuits'.

ITU-T Recommendation V.27 bis. "4800/2400 bits per second modem with automatic equalizer
standardized for use on |leased telephone-type circuits'.

ITU-T Recommendation V.29: "9 600 bits per second modem standardized for use on
point-to-point 4-wire |eased telephone-type circuits'.

ITU-T Recommendation Q.921: "ISDN user-network interface - Data link layer specification”.

ITU-T Recommendation X.21: "Interface between Data Terminal Equipment (DTE) and Data
Circuit-terminating Equipment (DCE) for synchronous operation on public data networks".

ETSI



3GPP TS 29.007 version 5.13.0 Release 5 12 ETSI TS 129 007 V5.13.0 (2005-12)

[74] ITU-T Recommendation X.25: "Interface between Data Terminal Equipment (DTE) and Data
Circuit - terminating Equipment (DCE) for terminals operating in the packet mode and connected
to public data networks by dedicated circuit”.

[75] ITU-T Recommendation X.28: "DTE/DCE interface for a start-stop mode Data Terminal
Equipment accessing the Packet Assembly/Disassembly facility (PAD) in apublic data network
situated in the same country".

[76] ITU-T Recommendation X.31: "Support of packet mode terminal equipment by an ISDN".

[77] ITU-T Recommendation X.75: "Packet-switched signalling system between public networks
providing data transmission services'.

[78] SO 2110: "Information technology - Data communication - 25-pole DTE/DCE interface
connector and contact number assignments'.

[79] I SO/IEC 6429: "Information technology - Control functions for coded character sets”.

[80] 3GPP TS 29.415: "Core Network Nb Interface User Plane Protocols*

[81] ITU-T Recommendation 1.366.2: "AAL type 2 service specific convergence sublayer for
trunking".

[82] 3GPP TS 29.232: "Media Gateway Controller (MGC); Media Gateway (MGW) interface; Stage 3"

[83] 3GPP TS 23.172: "Technical Realisation of the Circuit Switched (CS) multimedia service;
UDI/RDI fallback and service modification; Stage 2"

[84] ITU-T Recommendation E.163: "Numbering plan for the international telephone service'.

[85] ITU-T Recommendation E.164: "The international public telecommunication numbering plan”.

3 Definitions and abbreviations

3.1 Definitions

For the purposes of the present document, the following terms and definitions apply:

bearer capability infor mation: specific information defining the lower layer characteristics required within the
network.

low layer compatibility information: information defining the lower layer characteristics of the terminal.
high layer compatibility infor mation: information defining the higher layer characteristics of the terminal.

compatibility infor mation: this term subsumes the entirety of Bearer Capability, Low Layer Compatibility, High
Layer Compatibility, Progress Indicator and Address Information conveyed out-of-band prior to call establishment for
the support of compatibility checking and terminal/function/service selection at the ISDN-type user-network interface.

protocol identifier: information defining the specific protocols utilized for the support of datatransfer by aterminal.
progressindicator: information supplied to indicate to the terminal that network interworking has taken place.

out-of-band parameter exchange: information exchanged via an associated or non-associated signalling link e.g. SS
No 7.

PSTN: subscriber to network interface supports only analogue terminals.

I SDN: subscriber to network interface supports digital or analogue terminals, plus a standardized user to network
associated signalling system and a standardized internetwork signalling system.

autobauding type 1: thisinformation element value may be contained in the setup or cal confirm messages from the
UE in association with a non transparent data service. Thisimplies that the M SC/IWF may select any speed and modem
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type according to what it can negotiate with the remote modem on the PSTN/ISDN. The parameters User Rate and
FNUR (Fixed Network User Rate), if present, has no meaning when Modem Type is autobauding type 1.

multi self selecting speed modem: thisterm appliesto V series modems capable of handling one or more lower speeds
as afall back position. When such a modem is requested in the call setup or call confirm message from the UE in
association with a non transparent service, the MSC/IWF may select any of the speeds supported according to the
negotiation with the remote modem on the PSTN/ISDN. The parameters User Rate and FNUR (Fixed Network User
Rate), if present, has no meaning when Modem Type is autobauding type 1.

unrestricted 64 kbit/s network: adigital network which has 64 kbit/s octet-structured Information Transfer Capability
(ITC) with no restrictions on the contents of each octet.

restricted 64 kbit/s network: ITU-T Recommendation 1.464 defines "restricted 64 kbit/s transfer capability” as

"64 kbit/s octet-structured capability with the exception that an all-zero octet is not permitted”. In the present document,
the term "restricted 64 kbit/s network" refers not only to networks with the ITU-T Recommendation |.464 restriction but
also to those in which the 8th bit of each octet is unusable for data transmission.

directly connected restricted 64 kbit/s network: restricted 64 kbit/s network which is connected directly to the
MSC/IWF.

indirectly connected restricted 64 kbit/s network: restricted 64 kbit/s network which is connected to the MSC/IWF
viaan unrestricted 64 kbit/s network.

EDGE channel: general term referring to channels based on 8PSK modulation; i.e. TCH/F28.8, TCH/F32.0, and
TCH/F43.2.

A/Gb mode: a system or a subsystem operatesin A/Gb modeif an A or Gb interface is used between the radio access
network and the core network.

lu mode: asystem or a subsystem operatesin lu mode if an 1u-CS or lu-PS interface is used between the radio access
network and the core network. It operatesin UTRAN Iu mode if UTRAN is used as radio access network. It operatesin
GERAN Iu mode if GERAN is used as radio access network.

3.2 Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 and the following apply:

ADPCM Adaptive Differential Pulse Coded Modulation
BS Bearer Service

DP Did Pulse

DSS1 Digital Subscriber Signalling 1

FTM Frame Tunnelling Mode

ITC Information Transfer Capability

LE Local Exchange

NT Network Termination

NT non-transparent

PABX Private Automatic Branch Exchange
PIAFS PHS Internet Access Forum Standard
PPP Point to Point Protocol

SPC Stored Program Control

SSNo.7 Signalling System No.7

T transparent

TE Terminal Equipment

TA Terminal Adaptor

TS Teleservice

TS Technical Specification

TUP Telephone User Part (of Signalling System No.7)
UNI User Network Interface
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4 Introduction

Since the numbering plan for the ISDN era (E.164) includes the numbering plan for the telephone network (E.163), it is
not possible to distinguish by the number whether a given subscriber isa PSTN or ISDN subscriber. Further, in some
countries both PSTN and ISDN subscribers will be connected to the same exchange, so the only difference for this type
of combined network will bein the nature of the customer access. In the present document a PSTN is considered to
support only an analogue interface towards the subscriber. An ISDN shall be considered to support digital interface
towards the subscriber. In addition, the ISDN is considered to support a standardized outband signalling protocol both
between the subscriber and the network and within the network, i.e. DSS1 and | SUP, thus enabling the generation and
transport of Compatibility Information for compatibility checking and terminal/function/service selection at the
user-network interface as well asfor M SC/IWF selection.

There now exist networks which do not fall into either of these categoriesin that they provide for digital connectivity
from subscriber to subscriber through the network. The subscribers have access to a wide range of services by alimited
set of standard multi-purpose user network interfaces. However, these networks do not support the standardized
inter-exchange signalling protocol throughout, in that they are e.g. using TUP or National User Part (NUP). These types
of network support 64 kbit/s connections, so in service support are comparable to ISDN, however, the signalling system
provided may not support transport of all Compatibility Information allowed for in the standardized ISDN signalling.
The present document will therefore identify interworking to PSTN and ISDN on the principle of the network
characteristics asidentified in the previous paragraph. The aforementioned existing networks then constitute one
particular case in the ISDN interworking scenarios. These cases will be itemized when the implication of the various
degrees of exhaustiveness of the Compatibility Information - delivered viathe ISDN - used for deducting a PLMN
Basic Service needs to be set forth.

When two dissimilar networks are required to interwork in order to support a communication between two subscribers,
one on each network, a number of Interworking Functions (M SC/IWFs) are required to support the communication.
Some of these are related to the differencesin signalling and are dealt with in 3GPP TS 49.003.

Examples of other aspects of interworking are:
a) the need or otherwise of echo control devices;
b) the need or otherwise of modem pools and network-based rate adaptation.

For the purposes of determining the required MSC/IWFs, it is necessary, however, to consider separately each type of
interworking (i.e. PLMN-ISDN and PLMN-PSTN) since, in the worst case, "PSTN" could refer to an essentially
analogue network with electromechanical switching not controlled by software and without common-channel
signaling.

Some facilities associated with alternate speech and facsimile group 3 may not be available with version 1 of the MAP
(B3GPP TS 09.02). Version 1 of the Mobile Application Part (MAP) does not support in-call modification and channel
mode modification following an inter-M SC handover.

5 Void
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6 Network Characteristics
6.1 Key Characteristics of Networks Concerned
Table 1: Key Characteristics of Networks Concerned
Characteristic PLMN ISDN PSTN
Subscriber Interface Digital Digital Analogue
User-network signalling 3GPP TS 24.008 DSS1, other UNIs loop-disconnect and DTMF
User-terminal equipment see 3GPP TS 24.002 Digital TE Analogue TE (e.g. dial pulse
supported (ISDN NT, TE1 or telephones PABXs modem
TE2+TA) equipped DTES)
see e.g. 1.411
Inter-exchange signalling SS No.7 ISUP SS No.7 ISUP Channel associated
TUP+, MAP TUP+, TUP, NUP (e.g. R2, No.4, No.5) or
common channel (e.g. No.6)
Transmission facilities Digital Digital Analogue
Exchange types Digital Digital Analogue/digital
Information transfer mode Circuit Circuit Circuit
Information transfer capability |Speech, digital Speech, digital 3,1 kHz audio
unrestricted, alternate unrestricted, 3,1 kHz (voice/voice- band data)
speech/ group 3 fax etc. |audio, video etc.

6.1.1 Characteristics of PLMNs

The PLMN isfully defined in the Technical Specifications summarised in 3GPP TS 41.003 for a 2™ generation PLMN
(A/Gh mode) or in 3GPP TS 21.103 for a 3" generation PLMN (Iu mode).

6.1.2 Characteristics of PSTNs

Because of the efforts at an early stage to standardize ISDNsin different countries, the differences between any two
ISDNs will be small compared with the differences between PSTNs, which have evolved in different ways in different
countries. In some cases the evolution has occurred over many decades, and therefore each PSTN is distinct, and for a
recommendation on interworking, it is necessary to make certain assumptions about a generalized PSTN.

Whilst the key characteristics of PSTNs are given in table 1 above, the specific M SC/IWFs needed to allow
interworking between a PLMN and a PSTN will depend on the nature of the PSTN concerned.

Table 2 gives anumber of categories that can be used to classify PSTNs and a number of possibilities within each
category.

Table 2: Characteristics of PSTNs

Category Possibilities within Category
Type of subscriber a) PSTN with loop disconnect subscriber signalling (10 pps)
signalling b) PSTN with DTMF subscriber signalling
Type of interexchange a) PSTN with channel-associated signalling
signalling b) PSTN with common-channel signalling
Type of interexchange a) Analogue
transmission b) Digital
Type of exchange a) PSTN with electro-mechanical switching
switching b) PSTN with electronic (non-digital) switching
¢) PSTN with electronic digital switching
Type of exchange a) Non-SPC
control b) SPC
NOTE:  Under each category, it is possible that a PSTN will have a combination of the possibilities
rather than only one.
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6.1.3 Characteristics of ISDN

For the "standardized ISDN" in principle taken into account here, these are defined in the ETS/ITU-T-series.

7 Interworking classifications

7.1 Service interworking

Service interworking is required when the Teleservices at the calling and called terminals are different. No service
interworking, except for facsimile group 3 (Teleservice 61 or 62 interworking with standard facsimile group 3 service),
has been identified as a requirement of the PLMN system for PSTN/ISDN network based services.

7.2 Network interworking

Network interworking is required whenever a PLMN and a non-PLMN together are involved to provide an end to end
connection and may be required in instances of PLMN to PLMN connections.

The concept of Bearer Services was developed for the ISDN and has been extended to the PLMN. A bearer serviceis
defined (in 3GPP TS 22.001) as.

A type of telecommunication service that provides the capability for the transmission of signals between user-network
interfaces.

Bearer services are described by a number of attributes, where an attribute is defined as a specified characteristic of an
object or element whose val ues distinguish that object or element from others.

For the purpose of the present document, a PSTN is assumed to provide a bearer service which equatesto an ISDN
3,1 kHz audio bearer service.

Refer to 3GPP TS 22.002 for complete list of bearer services. Refer to 3GPP TS 24.008 for coding of Bearer
Capabilities. Refer to 3GPP TS 27.001 for the allowed combinations of parameter val ue settings.

Table 3: Bearer Service Interworking

Bearer service category in PLMN Bearer Service in PLMN Bearer service in | Service in PSTN
ISDN

Circuit mode unstructured with Asynchronous Data general

unrestricted digital capability

Transparent and Non-transparent Cct mode structured [Not Applicable

Circuit mode unstructured with Synchronous Data general 64 kbit/s unrestricted

unrestricted digital capability

Transparent

3,1 kHz Audio Ex PLMN Asynchronous Data general

Transparent and Non-transparent Cct Mode Cct Mode

3,1 kHz Audio Ex PLMN Synchronous Data general 3,1 kHz Audio 3,1 kHz Audio

Transparent
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Table 4: Network interworking of Teleservices

Teleservice in Lower layer capabilities Bearer service Service
PLMN addressed in the PLMN Bearer in ISDN in PSTN
Capabilities IE
Telephony Unstructured with speech capability Speech or Cct mode Cct Mode
Emergency calls Unstructured with speech capability 3,1 kHz audio 3,1 kHz audio

Alternate speech/
facsimile group 3

Data Cct duplex synchronous (A/Gb
mode) / asynchronous (UTRAN Ilu

Cct mode 3,1 kHz
audio

Cct mode 3,1 kHz
audio

mode) access

alternate speech

group 3 fax

Data Cct duplex synchronous (A/Gb
mode) / asynchronous (UTRAN Iu
mode) access

group 3 fax

Automatic
Facsimile group 3

Cct mode 3,1 kHz
audio

This table does not identify any relationship between Teleservicesin the PLMN with those in the ISDN/PSTN, it is
merely to identify the interworking of the lower network layers of that teleservice with the network layersi.e. bearer
service in the ISDN/PSTN.

7.3 Signalling interworking

See 3GPP TS 49.003[31].

7.4 Numbering

See 3GPP TS 23.003[35]

7.5 Supplementary service interworking
For general aspects of supplementary services refer to 3GPP TS 22.004(34] and 23.011[37].

Not every supplementary service may be used in combination with each basic service. The applicability of each
supplementary service for abasic service is defined in 3GPP TS 22.004[ 34].

8 Compatibility and subscription checking

Compatihility checking is carried out on the following items:
a) Low layer compatihility - utilizing low layer compatibility and bearer capability information elements.
b) High layer compatibility - utilizing high layer compatibility information element.
The use of the progress indicator for compatibility checking is outside the scope of the present document.
Indication of compatibility requirementsis carried out as described in subclauses 9.2.2 and 10.2.2.

For subscription checking, relevant for the interworking described in clauses 9 and 10 of the present document, refer to
3GPP TS 22.001.
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9 Interworking to PSTN

9.1 Speech Calls

9.1.1 Interworking indications to PLMN terminal
An indication to inform the PLMN terminal that:

i) instead of receiving out-of-band indications for certain types of failure conditions, atone or announcement will
be received in-band from the PSTN.

ii) the available compatibility information will be not exhaustive for deducing a PLMN Basic Service and there will
be alimitation on address - the terminal may be required to accept the call on the basis of indicating its
compatibility requirements.

iii) (if aDTE) in-band handshaking signals should be anticipated.

9.1.2  Transmission aspects

Includes control of Speech Processing and Echo Control Devices, see 3GPP TS 43.050.

9.1.3 Generation of In-band Tones and Announcements (PLMN-PSTN)

In-band tones and announcements shall be provided for all speech and 3,1 kHz audio bearer services between aPLMN
and aPSTN.

9.2 Data Calls

Low Layer Compatibility Checking on the received PLMN bearer capability information element will be carried out by
the MSC/IWF to check if the call setup is compatible to the bearer service (3,1 kHz audio) provided by a PSTN and to
the IWFs provided by the PLMN.

In case the call setup does not conform to these requirements (e.g. an information transfer capability value "unrestricted
digital information™ is requested), the call shall fail with an error cause indicating that the network is unable to support
the service requested.

Aswell as compatibility checking subscription checking shall be performed. If the subscription check fails the call
setup shall be rejected.

For the case where the UE offers negotiable valuesin the PLMN bearer capability information element (e.g. both
transparent and non-transparent connection element) refer to the definitions specified in 3GPP TS 27.001.

For interworking of data calls between a PLMN and a PSTN a modem will be utilized to provide the interworking

function.

V.series
Figure 1. PLMN PSTN interworking for circuit switched calls
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9.2.1 Network interworking mobile originated

9.21.1 Selection of interworking function

The interworking function will need to negotiate with the user to establish the appropriate modem selection e.g. data
rate, modulation scheme, etc. In addition, it will also be reguired to convert the signalling format, from a combination of
out of band and in band, to that suitable for controlling the modem and the autocalling line procedure function where
applicable. It is assumed that the interworking function and modems will be associated with each MSC.

For adata call originated by a circuit mode data terminal on the PLMN, the modem selection is done by using the
elements "modem type" and "other modem type" in the bearer capability (PLMN-BC) of the call set-up message.

In addition, other elements of the call setup will indicate the user rate, etc. to be used via that modem. The use of this
information however means that the network is only able to select a modem from the modem pool which conforms to
the speed which the terminal is utilizing at the DTE/DCE interface at the UE (e.g. V.22 for 1 200 bps). The exception to
thisis where the user has selected the non transparent service in which case either an autobauding or multi self selecting
speed modem (e.g. V.32) may be used.

If in A/Gb or GERAN lu mode the PLMN-BC(s) received with the set-up message indicated a multislot, 14.4 kbit/s, or
EDGE-operation (refer to 3GPP TS 27.001) and the network does not support any of the required such services, the
PLMN-BC(s) sent with the call proceeding message shall not contain the "fixed network user rate”, "other modem type"
and "user initiated modification indicator" parameters - the MSC shall discard the multisiot, 14.4 kbit/s and EDGE-
related parameters and use the fall-back bearer service indicated by the remaining parameters of the PLMN-BS(s) on a
singleslot configuration (refer to 3GPP TS 48.020 and 3GPP TS 44.021) on the MSC/IWF-RAN link. The MSC/IWF
shall modify the relevant parametersin a possibly present LLC accordingly.

If the MSC supportsin A/Gb or GERAN |u mode the multislot, 14.4 kbit/s, or EDGE-operation or if the MSC supports
UTRAN Ilu mode, the PLMN-BC(s) shall include the "fixed network user rate", "other modem type" and if applicable
the "user initiated modification indicator” parameters of the call proceeding message if these parameters were present in
the call set-up message received from the UE. In A/Gb or GERAN Iu mode the MSC shall apply on the M SC/IWF-
RAN link a singleslot or multislot configuration according to the rules defined in 3GPP TS 44.021, 3GPP TS 48.020
and 3GPP TS 24.022. In case the UE signals an ACC containing TCH/F4.8 only and the network does not support
TCH/FA4.8 channel coding, then the M SC may act asif TCH/F9.6 were included in the ACC.

If in A/Gb or GERAN lu mode the PLMN-BC(s) received with the set-up message did not indicate a multisiot, 14.4
kbit/s or EDGE-operation, the MSC shall not include the "fixed network user rate”, "other modem type" and "user
initiated modification indicator” parametersin the PLMN-BC(s) of the call proceeding message - the MSC shall usea
singleslot configuration on the MSC/IWF-RAN link.

The MSC may negotiate parameters with the UE according to the rules defined in 3GPP TS 27.001. The MSC/IWF
shall modify the relevant parametersin a possibly present LLC accordingly.

9.2.1.2 Modem Selection

In general terms the indication of the bearer capability parameter "Information Transfer Capability" will be utilized in
the call set-up message to determine when the modem should be selected in the call.

In case of single calls, the modem function shall operate in the calling mode in case of mobile originated calls and in the
answering mode in case of mobile terminated calls.

In case of dual data calls (alternate speech/facsimile group 3) the operation mode of the modem (working in calling or
answering mode) depend on theinitial call setup direction and on the optional parameter "Reverse Call Setup Direction”
information element of the MODIFY message. If thisinformation element is omitted the direction is derived from the
initial call setup direction, i.e. the mode isthe same asin case of single calls.

For the attribute value "3,1 kHz audio Ex PLMN" and "facsimile group 3", the modem will be selected immediately.
The line procedure according to ITU-T Recommendation V.25 will then be carried out using the appropriate modem
functions.

For the Teleservice 61 "Alternate speech/facsimile group 3", (if speech is selected as the first service), the modemis
made available but not selected until the subscriber indicates the change of service request (see subclause 9.3).
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For "aternate speech/facsimile group 3" calls refer to 3GPP TS 43.045 (A/Gb mode) and 3GPP TS 23.146 (UTRAN Iu
mode).

9.2.1.3 Mapping of BC-IE from PLMN to ISUP (or other)

Asit cannot be determined from the called address whether the distant network isa PSTN or an ISDN the same
mapping takes place asfor ISDN calls (see table 7A), if ISDN signalling is used between different MSCs (e.g. on the
link VMSC - GMSC).

9.2.2 Network Interworking Mobile terminated PSTN Originated

This subclause describes the interworking of calls where the calling subscriber cannot generate or communicate
Compatibility Information exhaustive for deducing a PLMN Basic Serviceto aPLMN (gateway M SC/interrogating
node) because of lack of ISDN signalling capability. Thusthe HLR isrelieved from any compatibility checking for such
cals.

Two methods of allocating UE International ISDN Numbers (MSISDNSs) are allowed: Firstly, a separate MSISDN may
be allocated for each service, or service option, which a subscriber uses for incoming calls; or, alternatively, asingle
number, applicable for all incoming callsis used.

It should be noted that it is possible for both schemes to co-exist within the PLMN and that they are not mutually
exclusive.

a) Multiple MSISDNSs are used ("The Multi-numbering Scheme"). See figure 2.
b) A single MSISDN is used ("The Single-numbering Scheme™). See figure 3.

9.221 Multi-numbering Scheme

In this scheme, the HPLMN will allocate a number of MSISDNs to a subscriber and associate with each of these
numbers a Bearer Capability to identify a Bearer or a Teleservice. This Bearer Capability comprises acomplete PLMN
Bearer Capability (PLMN BC) information element with contents according to 3GPP TS 27.001 and coded as per 3GPP
TS 24.008. In either case, when the HLR receives an interrogation relating to an incoming call (i.e. the MAP "Send
Routing Information” procedure), it requests aroaming number (M SRN) from the VLR. This request will contain the
PLMN BC reflecting the service associated with the called MSISDN, i.e. the PLMN BC is passed to the VLR within the
MAP parameter "GSM Bearer Capability" of the message "Provide Roaming Number".

At the VM SC, when the incoming call arrives, the PLMN BC associated with the MSRN are retrieved from the VLR
and sent to the UE at call set-up.

Where the PLMN specific parameter "connection element” contained in the retrieved PLMN BC-IE, indicates dual
capabilities then the VM SC shall set it according to its capabilities/preferences. Additionally the parameters correlated
to "connection element™ shall be modified in accordance with 3GPP TS 27.001.

The same applies to the parameter modem type if "autobauding type 1" isindicated but the IWF does not support this
feature. The parameter "data compression” may also be modified according to the capahilities of the IWF.

Where single capabilities are indicated then the VM SC shall use the requested valuesiif it is able to support the service
requested. If it is unable to support the requested service then it shall set them according to its capabilities/preferences.

Where the Compatibility Information is provided in a degree exhaustive to deduce a PLMN Basic Service
(see application rulesin subclause 10.2.2), then the VM SC in providing the PLMN BC IE in the setup message shall set
the PLMN specific parameters to its capabilities/preferences.

On receipt of a Set-up message containing the compatibility information, the UE will analyse the contents to decide
whether the service can be supported (with or without modification, see 3GPP TS 27.001) and the call will be accepted
or rejected as appropriate.

The UE may negotiate parameters with the M SC according to the rules defined in 3GPP TS 27.001. If the UE proposes
to the network to modify the User Rate as well as the correlated parameters Modem Type and Intermediate Rate in the
call confirmed message or if the UE proposes to the network to modify the Fixed Network User Rate and Other Modem
Type parameters for multisiot, 14.4kbit/s, EDGE and lu M ode operations, the network may accept or release the call
(see 3GPP TS 27.001).
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This negotiation takes place by means of the UE reflecting back to the MSC a complete bearer capability information
element in the call confirmed message, with the relevant parameters changed. If this does not take place (i.e. if thereis
no PLMN BC present in the call confirmed message), than the MSC will assume that the values originally transmitted
to the UE are accepted with the following exceptions:

e If in A/Gb or GERAN Ilu mode, the PLMN-BC sent with the set-up message contained the "fixed network user
rate", "other modem type" and if applicable the "user initiated modification indicator" parameters and no multislot,
14.4 kbit/s, and/or EDGE related parameters (refer to 3GPP TS 27.001 and 24.008) are received in the PLMN-BC of
the call confirmed message or no PLMN-BC is received, the MSC shall discard the "fixed network user rate", "other
modem type" and "user initiated modification indicator" parameters - the M SC shall use the fall-back bearer service
indicated by the remaining parameters of the PLMN-BC on a singleslot configuration (refer to 3GPP TS 48.020 and
3GPP TS 44.021) on the MSC/IWF-RAN link.

¢ Onthe other hand, if in A/Gb or GERAN Iu mode the PLMN-BC received with the call confirmed message
contain(s) multislot, 14.4kbit/s or EDGE-related parameters the MSC shall apply on the M SC/IWF-RAN link a
singledlot or multislot configuration according to the rules defined in 3GPP TS 44.021, 3GPP TS 48.020 and 3GPP
TS 24.022. In case the UE signals an ACC containing TCH/F4.8 only and the network does not support TCH/F4.8
channel coding, then the MSC may act as if TCH/F9.6 were included in the ACC.

e Ifin UTRAN lu mode the PLMN-BC sent with the set-up message contained the "fixed network user rate", "other
modem type" and if applicable the "user initiated modification indicator" parameters, but no related parameters
(refer to 3GPP TS 27.001 and 24.008) are received in the PLMN-BC of the call confirmed message or no PLMN-
BC isreceived, the MSC shall release the call.

The VMSC may map the received PLMN BC into an ISDN BC according to the rules defined in table 7A. ThisISDN
BC can be transported together with possibly available LLC and HL C in the access transport parameter of the Answer
message (ANM) according to ITU-T Q.763.
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Connect
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(1) The HLR translates the received MSISDN_ called address (MSISDNK) into the relevant bearer

capability information (BCK).

(2) Some parameters of BCk may be provided/modified according to the MSC's capabilities/preferences.
See subclause 9.2.2.

(3) In the "Call Confirmed" message, the UE may modify some parameters of the BC. See

9.2.2.

subclause

(4) The VMSC may map the PLMN BC (BC"k) into an ISDN BC (BC""k) according to the rules defined in

table 7A.
SRI -
PRN -
MSRN -
1AM -
SIFICSU -
ANM-

Send Routing Information.

Provide Roaming Number.

Mobile Station Roaming Number.

Initial Address Message.

Send Information For Incoming Call Set Up.
Answer Message

Figure 2: Call Flow for a mobile terminated, PSTN originated call
where the compatibility information provided are not exhaustive for deducing a PLMN Bearer
Service; HLR uses multiple MSISDN numbers with corresponding BCs

Single-numbering Scheme

In the single-numbering scheme, the HPLMN will alocate one MSISDN to a subscriber, applicable to all services.

In this case, when the HLR receives an interrogation relating to an incoming call without compatibility information
exhaustive for deducing a PLMN Basic Service (i.e. the MAP " Send Routing Information™ procedure), the request to
the VLR for aroaming number will not contain compatibility informationi.e. aPLMN BC.

At the VLR, when the incoming call arrives, thereisno PLMN BC associated with the MSRN and so the call set-up to
the UE will not contain the PLMN BC information element. However, the VM SC may include all available information
in the BACKUP BC information element of the call set-up message, see subclause 10.2.2.7.
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In the case the PLMN was not ableto provide a PLMN BC, the UE will return a complete single or dual PLMN BC in
the Call Confirmed message, indicating the service required by the mobile subscriber. The VM SC will analyse this
PLMN BC and optionally perform subscription checking (see 3GPP TS 22.001). If the requested PLMN BC can be
supported the call is established, otherwise the call will be released.

The VMSC may map the received PLMN BC into an ISDN BC according to the rules defined in table 7A. ThisISDN
BC can be transported together with possibly available LLC and HL C in the access transport parameter of the Answer
message (ANM) according to ITU-T Q.763.

UE VMSC VLR HLR IN
Incoming
| Call
-SRI I
(MSISDNk
PRN
(no BC)
_—
(MSRN)
(MSRN)
IAM
(MSRN)
SIFICSU
(MSRN)
~ Comp. Call
no BC
Setup ( )
(no BC, Backup BC) (2
Call Conf,
(BC) (1)
Connect
ANM
(3)
(BC)

NOTE: (1) This BC is derived from information stored in the UE, according to its configuration. The UE may also
use the information provided in the Backup BC.
(2) The Backup BC may be included if the BC is missing.
(3) The VMSC may map the PLMN BC (BC) into an ISDN BC (BC") according to the rules defined in table
7A
(4) Abbreviations: see figure 2.

Figure 3: Call Flow for a mobile terminated, PSTN originated call
where the compatibility information provided are not exhaustive for deducing a PLMN Bearer
Service; HLR uses single MSISDN numbers (no corresponding BC stored). Per call MSRN allocation

9.2.3 Transparent service support
The protocol stacks for transparent services are specified in 3GPP TS 43.010 and in 3GPP TR 23.910.

In lu mode, the transparent services are based in the lu User Plane protocol specified in 3GPP TS 25.415.

In A/Gb mode the rate adaptation scheme shall be utilized on the RAN to MSC link asidentified in 3GPP TS 48.020.
The transcoding function will generate the 64 kbit/s rate adapted format utilizing the 8 and 16 kbit/s intermediate data
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rates. The MSC to MSC/IWF link (e.g. in the case of handover) will utilize the same 64 kbit/s rate adaptation scheme as
that indicated in 3GPP TS 48.020.

For the transparent service support the MSC/IWF will select the modem and speed based on the Compatibility
information contained in either the call set-up or call confirmed message reference subclauses 9.2.1 and 9.2.2. Where
the modem type indicated is one of the multi-speed versions, e.g. V.32, then the MSC/IWF will restrict the modem to
the speed indicated in the call set-up and call confirmed message, respectively, i.e. will inhibit the modem from
changing speed, irrespective of the conditions, error rate, encountered on the PSTN link. This scenario is aso applicable
for the use of "autobauding” modems, in that only the specifically requested modem type and speed will be selected at
the M SC/IWF (however Facsimile Group 3 can use channel mode modify).

9.23.1 Structure of the MSC/IWF for lu mode

The transmission towards the RNC is based on AAL2. The lu UPisused in the transparent mode.

lu UP MODEM +—

AAL2

ATM

Figure 4: Structure of MSC/IWF

9232 Structure of the MSC/IWF for A/Gb mode

The rate adaptation processis areverse of that provided in the Terminal Adaptation function of the UE. Therate
adaptation RA1 is based on the ITU-T Recommendation V.110 80 bit frame for TCH/F2.4, TCH/F4.8 and TCH/F9.6
and on A-TRAU frame for TCH/F14.4. 3GPP TS 44.021 and 3GPP TS 48.020, respectively, refer to the rate adaptation
mechanisms to be provided. For multislot configurations refer to 3GPP TS 43.010.

NOTE: From MSC/IWF's perspective a TCH/F28.8 EDGE configuration isidentical to a multislot 2xTCH/F14.4
configuration.

IWF
RA2 RA1 RAO MODEM
k
64 kbit/s 27*8
MSC Kbit/s . PSTN
Koo | n —1 Stop bit —1—
2k+g 2 "*600
Kbit/s bit/s (
\

Figure 5: Rate adaptation schematic

In case of asynchronous bearer services and the facsimile teleservices in the transparent mode, the IWF shall disregard
the value of bits E4, E5, E6 and E7 in the data transmission phase.

9.2.3.3 Mapping of signalling UE/MSC/IWF to modem interface requirements

This process also is areverse of the function provided in the Terminal Adaptation function of the UE for the mapping of
DTE/DCE signalling information to Dm channel and in band signalling information. See 3GPP TS 27.002 and 3GPP
TS 27.003.
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Maﬁping
(Dm or) nband V-series DCE
signalling e
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Mapping

Figure 6: Signalling mapping schematic

Status bits SA, SB and X can be used to convey channel control information associated with the data bitsin the data
transfer state. Table 5 shows the mapping scheme between the V.24 circuit numbers corresponding to the V-series DCE
functions and the status bits for the transparent mode. It also shows how the unused status bits should be handled. It is
derived from the General Mapping scheme described in annex B. A binary 0 corresponds to the ON condition, a binary
1 to the OFF condition.

The transport of these status bits by the various channel codingsis described in 3GPP TS 44.021 and 3GPP TS 48.020
for A/Gb mode. For lu mode refer to 3GPP TR 23.910.

NOTE  Although the interface to the modem is described in terms of V.24 interchange circuit functions, this does
not imply that such circuits need to be physically realised.

Table 5: Mapping scheme at the IWF for the transparent mode

Mapping Mapping Signal at IWF modem
direction: UE to IWF direction: IWF to UE interface or condition
within the IWF
always ON (note 1) CT 105
to status bit X CT 106
not mapped (note 5) CT 107
not mapped (note 6) CT 108
to status bit SB CT 109
always ON (note 2) CT 133
from status bit SA (note 3) ignored by IWF
from status bit SB (note 1) ignored by IWF
from status bit X (note 4) ignored by IWF
to status bit SA (note 3) always ON

NOTE 1: The SB bit towards the IWF, according to the General Mapping (annex B),
could be used to carry CT 105 from the mobile DTE to the modem in the
IWF. However, CT 105 should always be ON at the DTE interface in the
data transfer state since only duplex operation is supported. Also, many
DTEs use the connector pin assigned to CT 105 for CT 133. Therefore,
CT 105 shall always be set to ON at the IWF modem during the data
transfer state.

NOTE 2: CT 133 is not mapped since there is no flow control in transparent mode.

NOTE 3: The SA bits in both directions are available only with certain channel
codings. Therefore, for maximum compatibility, they should not be
mapped.

NOTE 4: The X bit towards the IWF is not mapped since there is no flow control in
transparent mode.

NOTE 5: CT 107 is not used by the IWF.

NOTE 6: CT 108 is used in the call setup and answering processes.

In general it is not required for the modem in the M SC/IWF to support a"remote looping" request from a modem in the
PSTN. In addition the invocation of a"remote looping" request from the mobile subscriber to a modem in the PSTN
need not be supported (see also 3GPP TS 27.001). Specific test loops for mobile subscribers to contact may be provided
at the network operators discretion.

9.234 Establishment of end-to-end terminal synchronizations

Prior to exposing the traffic channel of a PLMN connection to transmission of user data, the controlling entities of the
connection shall assure of the availability of the traffic channel. Thisis done by a so called synchronizations process:
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starting on the indication of "physical connection established" resulting from the PLMN-inherent outband
signaling procedure. Thisindication is given:

- for MOC: on sending the CONNECT message;
- for MTC: on sending the CONNECT ACKNOWLEDGE message;

- for mobileinitiated in-call modification: on sending the MODIFY COMPLETE message (which is sent after
reception of the ASSIGNMENT COMPLETE or RAB ASSIGNMENT RESPONSE message); and

- for network initiated in-call modification: on reception of the ASSIGNMENT COMPLETE or RAB
ASSIGNMENT RESPONSE message;

ending by indicating the successful execution of this process to the controlling entity, which then takes care of
the further use of the inband information (data, status).

Network interworking within an M SC/IWF is concerned with the terminating side (to the UE) and the transit side (to
the fixed network) of a connection. Both sides have to be treated individually related to the synchronizations process.

9.234.1 Terminating side (towards the UE)

9.234.1.1 Traffic channel types TCH/F4.8 and TCH/F9.6 for A/Gb mode

With respect to the terminating side the procedure is as follows:

sending of synchronizations pattern 1/OFF (al data bits'1"/all status bits"OFF") to the UE using the RAL/RA2
rate adaptation function. In multislot transparent operation, the synchronisation pattern sent is 1/OFF with the
exception of the bit positions S1, first X, S3, and $4 which contain the substream number and multiframe
alignment pattern (see 3GPP TS 44.021);

searching for detection of the synchronizations pattern from the UE within valid V.110 frames, and in multislot
operation, also searching for the multiframe alignment pattern "0000 1001 0110 0111 1100 0110 1110 101" (see
3GPP TS 44.021) in bit position $4 and substream 