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Normative 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 a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies.

-
A non-specific reference to an ETS shall also be taken to refer to later versions published as an EN with the same number. 

[1]
ITU-T Recommendation G.711: "Pulse code modulation (PCM) of voice frequencies".

[2]
ITU-T Recommendation I.460: "Multiplexing, rate adaption and support of existing interfaces".

[3]
ITU-T Recommendation I.464: "Multiplexing, rate adaption and support of existing interfaces for restricted 64 kbit/s transfer capability".

[4]
ITU-T Recommendation Q.922 (1992): "DSS 1 Data link layer: ISDN data link layer specification for frame mode bearer services"

[5]
ITU-T Recommendation Q.931 (05/98): "DSS 1 - ISDN user network interface layer 3 specification for basic call control"

[6]
ITU-T Recommendation V.22: "1200 bits per second duplex modem standardized for use in the general switched telephone network and on point-to-point 2-wire leased telephone-type circuits"

[7]
ITU-T Recommendation V.24: "List of definitions for interchange circuits between data terminal equipment (DTE) and data circuit-terminating equipment (DCE)"

[8]
ITU-T Recommendation V.25: "Automatic answering equipment and/or parallel automatic calling equipment on the general switched telephone network including procedures for disabling of echo control devices for both manually and automatically established calls".

[9]
ITU-T Recommendation V.32: "A family of 2-wire, duplex modems operating at data signalling rates of up to 9600 bit/s for use on the general switched telephone network and on leased telephone-type circuits"

[10]
ITU-T Recommendation V.32bis: "A duplex modem operating at data signalling rates of up to 14 400 bit/s for use on the general switched telephone network and on leased point-to-point 2-wire telephone-type circuits"

[11]
ITU-T Recommendation V.34: "A modem operating at data signalling rates of up to 33 600 bit/s for use on the general switched telephone network and on leased point-to-point 2-wire telephone-type circuits"

[12]
ITU-T Recommendation V.42: "Error-correcting procedures for DCEs using asynchronous-to-synchronous conversion"

[13]
ITU-T Recommendation V.42bis: "Data Compression for Data Circuit Terminating Equipment (DCE) using Error Correction Procedures"

[14]
ITU-T Recommendation V.90: "A digital modem and analogue modem pair for use on the Public Switched Telephone Network (PSTN) at data signalling rates of up to 56 000 bit/s downstream and up to 33 600 bit/s upstream"

[15]
ITU-T Recommendation V.110: "Support of data terminal equipments (DTEs) with V‑Series interfaces by an integrated services digital network".

[16]
ITU-T Recommendation V.120: "Support by an ISDN of data terminal equipment with V-Series type interfaces with provision for statistical multiplexing".

[17]
ETR 018: "Integrated Services Digital Network (ISDN); Application of the Bearer Capability (BC), High Layer Compatibility (HLC) and Low Layer Compatibility (LLC) information elements by terminals supporting ISDN services".

[18]
ETS 300 102‑1 Edition 1 (1990): "Integrated Services Digital Network (ISDN); User‑network interface layer 3  Specifications for basic call control".

[19]
EN 300 403‑1 V1.2.2 (1998-04): "Integrated Services Digital Network (ISDN); Digital Sunscriber Signalling System No. One (DSS1) protocol; Signalling network  layer for circuit-mode basic call control; Part 1: Protocol specification".

[20]
GSM 01.01: "Digital cellular telecommunication system (Phase 2+); GSM Release 1999 Specifications".

[21]
GSM 01.04: "Digital cellular telecommunication system (Phase 2+); Abbreviations and acronyms".

[22]
GSM 02.01: "Digital cellular telecommunication system (Phase 2+); Principles of telecommunication services supported by a GSM Public Land Mobile Network (PLMN)".

[23]
GSM 02.03: "Digital cellular telecommunications system (Phase 2+); Teleservices supported by a GSM Public Land Mobile Network (PLMN)".

[24]
GSM 03.10: "Digital cellular telecommunications system (Phase 2+); GSM PLMN Connection types".

[25]
GSM 03.45: "Digital cellular telecommunications system (Phase 2+); Technical realization of facsimile group 3 transparent".

[26]
GSM 03.50: "Digital cellular telecommunications system (Phase 2+); Transmission planning aspects of the speech service in the GSM Public Land Mobile Network (PLMN) system".

[27]
GSM 04.21: "Digital cellular telecommunications system (Phase 2+); Rate adaption on the Mobile Station ‑ Base Station System (MS ‑ BSS) interface".

[28]
GSM 08.20: "Digital cellular telecommunication system (Phase 2+); Rate adaption on the Base Station System ‑ Mobile‑services Switching Centre (BSS ‑ MSC) interface".

[29]
GSM 08.60: "Digital cellular telecommunications system (Phase 2+); Inband control of remote transcoders and rate adaptors for Enhanced Full Rate (EFR) and full rate traffic channels".

[30]
GSM 09.02 version 3.x.y: "Digital cellular telecommunications system (Phase 2+); Mobile Application Part (MAP) specification".

[31]
GSM 09.03: "Digital cellular telecommunication system (Phase 2+); 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]
3G TS 21.101: "3rd Generation Partnership Project; Technical Specification Group: Release 1999 Specifications".

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

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

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

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

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

[38]
3G TS 23.046: " Technical realization of facsimile group 3 non‑transparent".

[39]
3G TS 23.054: " Description for the use of a Shared Inter Working Function in a GSM PLMN; Stage 2".

[40]
3G TR 23.910: " Circuit Switched Data Bearer Services ".

[41]
3G TS 24.008: " Mobile radio interface layer 3 specification".

[42]
3G TS 24.022: " Radio Link Protocol (RLP) for data and telematic services on the Mobile Station ‑ Base Station System (MS ‑ BSS) interface and the Base Station System ‑ Mobile‑services Switching Centre (BSS ‑ MSC) interface".

[43]
3G TS 25.415: "Iu Interface CN-UTRAN User Plane Protocols"
[44]
3G TS 27.001: " General on Terminal Adaptation Functions (TAF) for Mobile Stations (MS)".

[45]
3G TS 27.002: " Terminal Adaptation Functions (TAF) for services using asynchronous bearer capabilities".

[46]
3G TS 27.003: " Terminal Adaptation Functions (TAF) for services using synchronous bearer capabilities".

[47]
3G TS 29.002: " Mobile Application Part (MAP) specification".

 
[48]
ISO/IEC 3309: "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"

[52]
TS 26.111: "Codec for Circuit Switched Multimedia Telephony Service; Modifications to H.324"
[53]
ITU-T Recommendation X.31: "Support of packet mode terminal equipment by an ISDN".

[54]
ITU-T Recommendation X.32: "Interface between data terminal equipment (DTE) and data circuit‑terminating equipment (DCE) for terminals operating in the packet mode and accessing a public switched telephone network or an integrated services digital network or a circuit switched public data network".
Next section modified

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 service is defined (in GSM 02.01) 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 values distinguish that object or element from others.

For the purpose of this TS, a PSTN is assumed to provide a bearer service which equates to an ISDN 3,1 kHz audio bearer service.

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

Table 3: Bearer Service Interworking

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

Circuit mode unstructured with unrestricted digital capability
Asynchronous Data general



Transparent and 
Non transparent

Cct mode structured 64 kbit/s unrestricted


Circuit mode unstructured with unrestricted digital capability Transparent and

Non-transparent
Synchronous Data general

Not Applicable






3,1 kHz Audio Ex PLMN Transparent and Non‑transparent
Asynchronous Data general





Cct Mode
3,1 kHz Audio
Cct Mode 
3,1 kHz Audio

3,1 kHz Audio Ex PLMN
Synchronous Data general



Transparent and

Non-transparent









Next section modified

9.2.4
Non‑transparent service support

The protocol stacks for non-transparent services are specified in GSM 03.10 (GSM) and in 3G TR 23.910 (UMTS). Both of the systems use the Radio Link Protocol (RLP) specified in 3G TS 24.022.

In UMTS, the non-transparent services are based in the Iu User Plane protocol specified in 3G TS 25.415.

In GSM the corresponding necessary support concerning the rate adaptation scheme shall be utilized on the BSS‑MSC link as identified in GSM 08.20.

For the non-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 subclause 9.2.1 and 9.2.2. Where the Modem Type indicated is autobauding type 1, the MSC/IWF may select any speed and modem type according to what it can negotiate with the remote modem.  In this case User Rate and Fixed Network User Rate, if present, has no meaning.  

9.2.4.1
Structure of the MSC/IWF for UMTS

The transmission towards the RNC is based on AAL2. The Iu UP is used in the support mode. The RLP/L2R extends to the MS.
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Figure 7: Structure of MSC/IWF

9.2.4.2
Structure of the MSC/IWF for GSM

The rate adaptation process will be the same as for the transparent case (see figure 5), except that a TCH/F43.2 channel coding is also supported. From MSC/IWF's perspective a TCH/F43.2 EDGE configuration is identical to a multislot 3(TCH/F14.4 configuration.  

GSM 03.10 identifies the protocol layer structures for the non‑transparent case.

The physical layer to the PSTN is provided by means of a modem. The LAPB protocol is needed in addition for the bearer service BS 30 non-transparent.
Next section modified

9.2.4.10.2
Transit side (towards the fixed network)

Depending upon implementation ‑ CT108 will be turned ON to enable the autocalling/autoanswering function of the selected modem either when the RLP has been established or in parallel to RLP establishment. If CT 108 is turned ON in parallel to the RLP establishment, the modem connection may be established before the RLP is established. In this case, data received from the transit side during RLP establishment shall be stored within the L2R buffers until the RLP establishment at the terminating side has been finished. When the RLP has been established, the information from/to the RLP including status changes will be mapped by the L2R entity applicable to the particular bearer capability. After signalling, for MO calls, calling tone according to V.25 shall be generated by the modem in the IWF.
The synchronous bearer service BS 30 non-transparent allows a direct interworking of X.25 DTEs (DTE‑DTE operation) between an X.25 DTEs. The X.25 data link layer is terminated by the L2R(BOP) at the MT towards the terminal and reconstituted at the IWF towards the transit network. The data link layer parameters to be used are listed in table xx.
For mobile originated calls the IWF shall initiate the establishment of the LAPB link to the transit side.

For mobile terminated calls, the IWF will not initiate the establishment of the LAPB link to the transit side, but will wait for an SABM, DM, or DISC, to be able to determine the link layer address to be used. The IWF will use this address until the circuit switched connection to the transit side is released.

XID information received from the MS prior to the IWF's LAPB link establishment shall either be discarded by the IWF or stored for later transmission if no DM, DISC or XID frames have been received from the fixed network. The first XID frame received (if any) from the PSPDN port prior to LAPB link establishment will be interpreted as a command. The link layer address derived from this first XID will be used for XID information exchange until an SABM, DM or DISC is received.

The PLMN is transparent for the X.25 packet layer, in-band control and user information.
Table xx: GSM profile for layer 2 attributes and parameters

Attribute/parameter
Value

UIL2P (note)
X.25 link level
X.75 layer 2 modified (CAPI)

Link procedure
Single link procedure.

Link Layer Address Assignment
as for LAPB X.25.

Frame sequence numbering
Modulo 8.

Window size
k = 7.
k = 2.

Max. frame length
N1 = 2 104 bit.
N1 = 16 440 bit.

Retransmission attempts
N2 = 10.

Acknowledge timer
T1 = [3] s (both directions).
T1 = [10] s (both directions).

NOTE:
The link layer parameter values depend on the value of the UIL2P parameter of the PLMN‑BC. 

9.2.4.11
Data compression

When data compression is invoked within a non‑transparent asynchronous bearer service, interworking to the fixed network is realized as follows:

The PLMN BC is used to indicate the interworking modem type and user rate. The modems shall try to negotiate data compression and flow control. If negotiation of data compression fails in the fixed network, the call continues with data compression between MS and IWF only.

Next section modified

10.2
Data Calls

In this case it is assumed that the ISDN bearer service 3,1 kHz audio shall only be interworked by means of a modem pool in the PLMN. If a network operator provides this facility, then the MSC/IWF operation will be similar to that described for interworking to the PSTN.

Where the bearer capability information indicates that the call is a circuit switched unrestricted digital call, then the MSC/IWF shall select the appropriate rate adapted ISDN and PLMN bearer services.


The synchronous bearer service BS 30 non-transparent operates according to ITU-T X.32 [54] with access to the ISDN according to ITU-T X.31 [53] where two different cases are distinguished: 

-
X.31 case A: A circuit connection shall be used indicated by the BC-IE parameter settings ITC = "UDI" and TM = "circuit mode". The ISDN B channel shall be used.
-
X.31 case B: A packet connection shall be used indicated by the BC-IE parameter settings ITC = "UDI" and TM = "packet mode". The ISDN B and D channels can be used.

The PLMN offers only interworking according to X.31 case A, i.e. only B channels shall be used although ISDN offers both B and D channels.
Next section modified

10.2.4
Non‑transparent service support

The protocol stacks for non-transparent services are specified in GSM 03.10 (GSM) and in 3G TR 23.910 (UMTS). Both of the systems use the Radio Link Protocol (RLP) specified in 3G TS 24.022.

In UMTS, the non-transparent services are based in the Iu User Plane protocol specified in 3G TS 25.415. 

In GSM the corresponding necessary support concerning the rate adaptation scheme shall be utilized on the BSS‑MSC link as identified in GSM 08.20.

For the non-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 subclause 9.2.1 and 9.2.2. Where the Modem Type indicated is autobauding type 1, the MSC/IWF may select any speed and modem type according to what it can negotiate with the remote modem.  In this case User Rate and Fixed Network User Rate, if present, has no meaning.  

10.2.4.1
Structure of the MSC/IWF for UMTS

The transmission towards the RNC is based on AAL2. The Iu UP is used in the support mode. The RLP/L2R extends to the MS.
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Figure 12: Structure of the MSC/IWF (non‑transparent)

10.2.4.2 Structure of the MSC/IWF for GSM

 The rate adaptation process will be the same as for the transparent case. , except that a TCH/F43.2 channel coding is also supported. From MSC/IWF's perspective a TCH/F43.2 EDGE configuration is identical to a multislot 3(TCH/F14.4 configuration.

GSM 03.10 identifies the protocol layer structure for the non-transparent case, the MSC/IWF provides the inverse of the action in the MS terminal adaptation function. For a multislot configuration refer to GSM 03.10.

The V.110, V.120 and PIAFS ISDN TA (terminal adapter) functions provide the same functionality and operational behaviour as fixed ISDN terminal adapters that conform to the corresponding ITU-T Recommendations (V.110 or V.120). 
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Figure 13: Structure of the MSC/IWF (non‑transparent)
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10.2.4.10.4.2
Transit side (towards the fixed network)

Depending upon implementation, the synchronization of the V.110 or V.120 rate adaptation protocol on the ISDN transit network may be performed either after RLP establishment or in parallel to the RLP establishment. In case of the parallel establishment, data received from the transit side during RLP establishment shall be stored within the L2R buffers until the RLP establishment at the terminating side has been finished. When the RLP has been established and on recognizing frame alignment the information from/to the RLP is mapped by the L2R entity applicable to this particular bearer capability.

For V.110 rate adaptation on the ISDN, the synchronization process consists of sending the V.110 frame structure and looking for incoming frame synchronization according to the procedures in ITU-T V.110. 

For V.120 rate adaptation the following applies. In Multiple frame acknowledged mode, data (I frames) may be sent following an exchange of SABME and UA in the traffic channel. In Unacknowledged mode, data (UI frames) may be sent immediately after an ISUP CONNECT or CONNECT COMPLETE message has been received on the ISDN signalling channel. Optionally, an XID exchange may take place in the traffic channel to verify link integrity.

Note. V.120 allows UI frames to be sent in Multiple frame acknowledged mode at any time in addition to I frames. Whilst the IWF shall not follow this procedure when sending frames, such a sequence of I and UI frames may be received by the IWF. Although not specified in V.120, it is recommended that the IWF should deliver to the MS, the contents of the sequence of I and UI frames in the order in which they are received. 

For PIAFS rate adaptation the following applies. Data frame is sent following an exchange of initial negotiation and control frame in the traffic channel.
For the synchronous bearer service BS 30 NT the same applies as for the modem case. In addition, flag stuffing is used according to ITU-T.X31 [53].
10.2.4.11
Data compression

When data compression is invoked within a non‑transparent asynchronous bearer service, interworking to the ISDN is realized by mapping the PLMN user rate to at least the same user rate in the ISDN. When the ISDN user rate is the same flow control will ensure data integrity, but the overall performance will be slow. When the ISDN user rate is higher the overall performance may be faster.
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