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1
Scope

This Technical Specification (TS) defines Terminal Adaptation Functions (TAF) which are integrated in a Mobile Termination (MT) and which enable the attachment of Synchronous Terminals to an MT (see GSM 04.02 [3]). The general aspects of Terminal Adaptation Functions are contained in specification 3G TS 27.001 [9]. The present document covers support of synchronous data services (see 3G TS 22.002 [6]) for the following interfaces and procedures:

‑
V.22 [15]
DTE/DCE Interface

‑
V.22 bis [16]
DTE/DCE Interface

‑
V.26 ter [19]
DTE/DCE Interface

‑
V.32 [21]
DTE/DCE Interface

‑
X.21 [23]
DTE/DCE Interface

‑
X.21 bis [24]
DTE/DCE Interface

‑
X.25 [35]
Procedure

‑
X.32 [30]
Procedure

‑
V.25 bis [18]
Procedure

‑
I.420 [11]
Interface (S)

LAPB is the only synchronous non‑transparent protocol which is considered in the present document. 

NOTE: From GSM R99 onwards the following services are no more required to be provided by a GSM PLMN:

the dual Bearer Services “alternate speech/data” and “speech followed by data” 

the dedicated services for PAD and Packet access

BS 21 ... 26 and BS 31 ... 34

The support of these services is still optional. The specification of these services is not within the scope ofthe present document. For that, the reader is referred to GSM Release 98.

2
Normative references

References may be made to:

a)
specific versions of publications (identified by date of publication, edition number, version number, etc.), in which case, subsequent revisions to the referenced document do not apply; or

b)
all versions up to and including the identified version (identified by "up to and including" before the version identity); or

c)
all versions subsequent to and including the identified version (identified by "onwards" following the version identity); or

d)
publications without mention of a specific version, in which case 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]
GSM 01.04: "Digital cellular telecommunication system (Phase 2+); Abbreviations and acronyms".

[2]
GSM 03.10: "Digital cellular telecommunication system (Phase 2+); GSM Public Land Mobile Network (PLMN) connection types".

[3]
GSM 04.02: "Digital cellular telecommunication system (Phase 2+); GSM Public Land Mobile Network (PLMN) access reference configuration".

[4]
GSM 04.21: "Digital cellular telecommunication system (Phase 2+); Rate adaption on the Mobile Station ‑ Base Station System (MS ‑ BSS) interface".

[5]
GSM 08.20: "Digital cellular telecommunication system (Phase 2+); Rate adaption on the Base Station System ‑ Mobile‑services Switching Centre (BSS ‑ MSC) interface". 

[6]
 3G TS 22.002 : "Circuit Bearer Services (BS) supported by Public Land Mobile Network (PLMN)".

[7]
3G TS 24.008: " Mobile Radio Interface Layer 3 specification; Core Network Protocols-Stage 3".

[8]
3G TS 24.022: " Radio Link Protocol (RLP) for Circuit Switched Bearer and Teleservices".

[9]
3G TS 27.001: " General on Terminal Adaptation Functions (TAF) for Mobile Stations (MS)".[10]
3G TR 21.905 “3G Vocabulary”

[11]
ITU-T  Recommendation I.420 (1998):"Basic user‑network interface".

[12]
ITU-T Recommendation Q.931: “ISDN user-network interface layer 3 specification for basic call control”.

[13]
ITU-T Recommendation V.10: "Electrical characteristics for unbalanced double‑current interchange circuits  operating at data signalling rates nominally up to 100 kbit/s".

[14]
ITU-T Recommendation V.11: "Electrical characteristics for balanced double‑current interchange circuits operating at data signalling rates nominally up to 10 Mbit/s ".

[15]
ITU-T  Recommendation V.22 (1988): "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".

[16]
ITU-T  Recommendation V.22 bis (1988): "2400 bits per second duplex modem using the frequency division technique standardized for use on the general switched telephone network and on point-to-point 2-wire leased telephone-type circuits". 

[17]
ITU-T  Recommendation V.24 (1996):"List of definitions for interchange circuits between data terminal equipment (DTE) and data circuit‑terminating equipment (DCE)".

 [18]
ITU-T  Recommendation V.25 bis (1996): "Synchronous and asynchronous automatic dialling procedures on switched networks 

[19]
ITU-T  Recommendation V.26 ter (1988): "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 leased telephone-type circuits ".

[20]
ITU‑T Recommendation V.28 (1993): "Electrical characteristics for unbalanced double‑current interchange circuits".

[21]
ITU-T  Recommendation V.32 (1993): "A family of 2‑wire, duplex modems operating at data signalling rates of up to 9600 bit/s for use in the general switched telephone network and on leased telephone‑type circuits".

[22]
ITU-T  Recommendation V.110 (1996): "Support of data terminal equipments with V‑Series interfaces by an integrated services digital network".

[23]
ITU-T Recommendation X.21 (1992): "Interface between Data Terminal Equipment and Data Circuit-terminating Equipment for synchronous operation on public data networks".

[24]
ITU-T Recommendation X.21 bis (1988): "Use on public data networks of Data Terminal Equipment (DTE) which is designed for interfacing to synchronous V‑Series modems".

[25]
ITU-T Recommendation X.24 (1988): "List of definitions for interchange circuits between Data Terminal Equipment (DTE) and Data Circuit-terminating Equipment (DCE) on public data networks".

[26]
ITU-T  Recommendation X.26 (1993): "Electrical characteristics for unbalanced double‑current interchange circuits operating at data signalling rates nominally up to 100 kbit/s ".

[27]
ITU-T Recommendation X.27 (1996): "Electrical characteristics for balanced double‑current interchange circuits operating at data signalling rates up to 10 Mbit/s".

[28]
ITU-T  Recommendation X.30 (1993): "Support of X.21, X.21 bis and X.20 bis based Data Terminal Equipment (DTEs) by an Integrated Services Digital Network (ISDN)".

[29]
ITU-T  Recommendation X.31 (1995): "Support of packet mode terminal equipment by an ISDN".

[30]
ITU-T Recommendation X.32 (1996): "Interface between Data terminal Equipment (DTE) and Data Circuit-terminating Equipment (DCE) for terminals operating in packet mode and accessing a Packet-Switched Public Data Network through a public switched telephone network or an Integrated Services Digital Network or a Circuit-Switched Public Data Network. ".

[31]
ISO Recommendation 8885: "Information technology ‑ Telecommunication and information exchange between systems ‑ High‑level data link control (HDLC) procedures ‑ General purpose XID frame information field content and format".

[32]
ISO Recommendation 8886: "Information technology ‑ Telecommunication and information exchange between systems ‑ Data link service definitions for Open Systems interconnection".

[33]
Personal Computer Memory Card Association: "PCMCIA 2.1 or PC‑Card 3.0 electrical specification or later revisions".

[34]
Infrared Data Association IrDA "IrPHY Physical layer signalling standard".
[35]
ITU-T Recommendation X.25: "Interface between Data Terminal Equipment (DTE) and Data Circuit Terminating Equipment (DCE) for terminals operating in Packet Mode and connected to Public Data Networks by dedicated Circuit".

[36]
3G 29.007: " General requirements on interworking between the Public Land Mobile Network (PLMN) and the Integrated Services Digital Network (ISDN) or Public Switched Telephone Network (PSTN)".
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4
Terminal Adaptation Functions for synchronous transparent services

Specification GSM 03.10 [2] refers to the models for connection types supporting synchronous transparent services.

4.1
Rate Adaptation in GSM

Rate adaptation on the MS-BS interface is described in GSM 04.21[4]. The synchronous data services make use of the following rate adaptation functions: RA1, RA2, RA1/RA1', RA1' and in case of TCH/F28.8 usage, EDGE-MUX. See also Figures 6, 7 and 8 in GSM 03.10 [2]. The D-bits of the rate adaptation frames are used to convey user data and the S- and X-bits are used to convey channel status information associated with the data bits in the data transfer state, or to carry substream numbering between the Split/Combine functions in case of mult substream operation. For the S- and X-bits, a ZERO corresponds to the ON condition, a ONE to the OFF condition.

4.1.1
Rate adaptation ‑ ITU-T V‑series

This is provided as indicated in specification GSM 04.21 [4]. The functions applied in this case are shown in figure 2 (see model 2b in figures 6, 7 and 8 of GSM 03.10 [2]).




Figure 2: Rate adaptation for V‑series terminals

4.1.2
Rate adaptation – ITU-T X.21 [23]

This is provided as indicated in specification GSM 04.21 [4]. The functions applied in this case are shown in figure 3 (see model 2b in figures 6, 7 and 8 of GSM 03.10 [2]).




Figure 3: Rate adaptation for ITU-T X.21 [23] terminals

4.1.3
Rate adaptation ‑ ITU-T S‑interface

The functions applied in this case are shown in figure 4 (see model 2a in figures 6, 7 and 8 of GSM 03.10 [2]).




Figure 4a: Rate adaptation for ITU-T S‑interface




Figure 4b: Rate adaptation for ITU-T S‑interface (continued)

There are two cases to be considered for the RA1 function:

a)
V‑series interface


For the V‑series type of terminal equipments the rate adaptation functions are as described in GSM 04.21 [4].

b)
ITU-T X.21 [23]‑interface


For terminal equipments using the ITU-T X.21 [23]‑interface the rate adaptation functions are identical to those described in GSM 04.21 [4], but the notation used is as described in ITU-T recommendation X.30 [28].


The notation used is as follows:


The conversion of the user rates of 2.4 kbit/s and 4.8 kbit/s to 8 kbit/s and user rate of 9.6 kbit/s to 16 kbit/s shall be implemented by means of the 40 bit frame structure shown in figure 5.


Figure 5 shows that in addition to the basic frame, a two frame multiframe is employed. In odd frames, octet 0 contains all zeros, whilst in even frames octet 0 consists of a one followed by seven E bits. The order of bit transmission of the 40 bit frame is from left‑to‑right and top‑to‑bottom.


This two frame multiframe corresponds to the 80 bit frame structure presented in GSM 04.21 [4] as shown in figure 6. The 24 information bits P1,..,P8, Q1,..Q8, R1,..,R8 of odd frames correspond with D1,..,D24 and those of even frames correspond with D25,..,D48 respectively. For the status bits there is the following correspondence: odd frame SQ, X, SR, SP = S1,X,S3,S4 and even frame SQ, X, SR, SP = S6, X, S8, S9. 







Bit number




1
2
3
4
5
6
7
8

Octet 0
Odd frames
0
0
0
0
0
0
0
0



Even frames
1
E1
E2
E3
E4
E5
E6
E7 

Octet 1
1
P1
P2
P3
P4
P5
P6
SQ

Octet 2
1
P7
P8
Q1
Q2
Q3
Q4
X

Octet 3
1
Q5
Q6
Q7
Q8
R1
R2
SR

Octet 4
1
R3
R4
R5
R6
R7
R8
SP

NOTE:
Bit X, if not used for the optional flow control or for the indication of the far end synchronization, shall be set to 0 (see ITU-T Recommendation V.110 [22]).

Figure 5: 40 bit frame structure of ITU-T X.30 [28]



X.30 [28] Two frame multifr.





V.110 [22]80‑bit frame

(((

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
odd
1
P1
P2
P3
P4
P5
P6
SQ
1
D1
D2
D3
D4
D5
D6
S1
frame
1
P7
P8
Q1
Q2
Q3
Q4
X
1
D7
D8
D9
D10
D11
D12
X

1
Q5
Q6
Q7
Q8
R1
R2
SR
1
D13
D14
D15
D16
D17
D18
S3

1
R3
R4
R5
R6
R7
R8
SP
1
D19
D20
D21
D22
D23
D24
S4
((((

1
E1
E2
E3
E4
E5
E6
E7
1
E1
E2
E3
E4
E5
E6
E7
even
1
P1
P2
P3
P4
P5
P6
SQ
1
D25
D26
D27
D28
D29
D30
S6
frame
1
P7
P8
Q1
Q2
Q3
Q4
X
1
D31
D32
D33
D34
D35
D36
X

1
Q5
Q6
Q7
Q8
R1
R2
SR
1
D37
D38
D39
D40
D41
D42
S8

1
R3
R4
R5
R6
R7
R8
SP
1
D43
D44
D45
D46
D47
D48
S9


Figure 6: Correspondence of ITU-T X.30 [28] and ITU-T V.110 [22] frames
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4.3.4
 X.25 procedures mapping

User terminals are connected to mobile termination either at S reference point (TE1 or TE2/TA) or at R reference point (TE2). For the physical interface of TE2s all different possibilities are shown in table 9 in section 8.

For more details, see ITU-T X.25 [35] and the appropriate interface recommendations.

The mapping is described in section 8. 

5
Terminal Adaptation Functions for synchronous non‑transparent services 
This section deals with the specific requirements for non‑transparent service needed for direct interworking between X.25 DTEs. Other cases are dealt within other specifications.

Layer 2 Relay function is described in annex A.
5.1
Rate Adaptation and protocol model in GSM
5.1.1
ITU-T R‑interface

For the protocol model and rate adaptation function applied in this case see Models 4b and 4e of Figures 6, 7 and 8 in GSM 03.10 [2]).

5.1.2
ITU-T S‑interface

For the cases where the method indicated in ITU-T X.30 [28] is used see Models 4a and 4d of Figures 6, 7 and 8 in GSM 03.10 [2]).

For the cases where the HDLC interframe flag stuffing shown in the recommendation ITU-T X.31 [29] is used see Models 4c and 4f of Figures 6, 7 and 8 in GSM 03.10 [2]).

5.2
Signalling Mapping 
5.2.1
Interchange circuit signalling mapping

Status bits SA, SB and X are used to convey channel control information associated with the data bits in the data transfer state. Table 2 shows the mapping scheme between the ITU-T V.24 [17] circuit numbers and the status bits for the non-transparent mode. It also shows how the unused status bits should be handled. It is derived from the general mapping scheme described in annex C. A binary 0 corresponds to the ON condition, a binary 1 to the OFF condition.

The transport of the status bits by the L2RCOP is described in annex A.

Table 2: Mapping scheme at the MT for the non-transparent mode

Signal at TE2/MT interface or condition within the MT
Mapping
direction: MT to IWF
Mapping
direction: IWF to MT

CT 105
not mapped (note 1)


CT 106 (note 4)

from status bit X (note 7)

CT 107

not mapped (note 5)

CT 108/2
not mapped (note 6)


CT 109

from status bit SB

CT 133 (note 8)
to status bit X (notes 3,8) 


always ON
to status bit SA (note 2)


always ON
to status bit SB (note 1)


ignored by MT

from status bit SA (note 2)

NOTE 1.
The SB bit towards the IWF, according to the General Mapping (27.002, annex C), could be used to carry CT 105. However, CT 105 should always be ON 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. No interchange circuit shall be mapped to the SB bit, which shall always be set to ON in the data transfer state.

NOTE 2.
The SA bits (both directions) are not mapped since CTs 107 and 108/2 are handled locally (notes 5, 6).

NOTE 3.
The condition of status bit X towards the IWF may also be affected by the state of the receive buffer in the MT.

NOTE 4.
The state of CT 106 (or other local flow control mechanism) may also be affected by the state of the transmit buffer in the MT and the state of the RLP (RR/RNR).

NOTE 5.
CT 107 is controlled by the channel synchronisation process (3G TS 27.001 [9]).

NOTE 6.
CT 108/2 may be used in the call setup and answering processes.

NOTE 7.
For inband local flow control, changes in the condition of the status bit X from the IWF also result in the sending of XON or XOFF to the DTE.

NOTE 8.
For inband local flow control, CT 133 is not mapped and the status bit X towards the IWF is controlled by the reception of XON and XOFF characters from the DTE.

5.2.2
Call establishment signalling mapping

The physical interfaces are mentioned in section 4.3.4 and the signalling mapping is described in section 8.
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8
 X.25 interface procedures
For the cases where the method indicated in ITU-T X.30 is used see Models 4a and 4d of Figure 6/GSM 03.10).

For the cases where the HDLC interframe flag stuffing shown in the recommendation ITU-T X.31 is used see Models 4c and 4f of Figure 6/GSM 03.10).

The terminal configurations are GSM 04.02 and 24.002, respectively. The TE2 can be connected to MT2 or TA via X.21, X.21 bis or V‑series interface. Table 9 shows various interface types at R reference point.

Table 9: TE2/MT2 layer 1 specifications and procedures to initiate Bm channel establishment

Condition
TE2/MT2 Layer 1 specification
Events at the R reference point
Procedures according to:



X.21 leased circuit
TE2 sets C=N
ITU-T Rec X.25 section 1.1


X.25
X.21 bis
TE2 sets circuit 108=ON
ITU-T Rec X.25 section 1.2

Hot-line access (note)

V-series interface
TE2 sets circuit 108=ON
ITU-T Rec X.25 section 1.3


X.21 circuit-switched
TE2 signals direct call
ITU-T Rec X.21 section 4.4


X.21 bis direct call
TE2 signals direct call
ITU-T Rec X.21 bis section 2.3.1


X.21 addressed call
TE2  enters call control phase
ITU-T Rec X.21 section 4

Full circuit-switched access
X.21 bis addressed call
TE2 performs automatic address call
ITU-T Rec X.21 bis section 2.3.2 iii


V25 bis addressed call
TE2 uses address call mode
ITU-T Rec V.25 section 4

NOTE:
In this case the terminal equipment assumes a semipermanent connection. After appropriate event at R reference point the MT2 will establish a Bm channel. 

The PLMN shall support the direct interworking for X.25 DTEs in line with 3G 29.007, thus the definitions laid down therein apply accordingly to the subject matter of this section.

For mobile originated call the Call Set‑up message contains the E.164 address of the recipient. This address will be provided by TE1 or TA in the case of S interface or by TE2 (R interface). The address shall be provided either by MMI or by internal settings of MT2, if the TE2 is an ordinary X.25 terminal connected via "X.21 leased line", "X.21 bis" or "V‑series" interface. 

The required settings of the parameters of the BC/LLC‑IE is shown in 3G 27.001 [9]. This setting might be performed via the MMI or being based on internal settings within the MT2.

For a mobile terminated call the connection establishment is in line with 3G 29.007 and 24.008. In the case of V‑series interface (full circuit switched access) the TE2 shall support V.25 bis Auto Answer procedure.

When the connection is established, the TAF shall take care of mapping Bm channel to/from:

a)
V series or X series interface data circuits

b)
B channel in case of S interface

TE/MT and the remote protocol entities take care of higher layer protocols, e.g. X.32 identification and X.25 LAPB and PLP.
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