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Foreword

This Technical Specification has been produced by ETSI Technical Committee Special Mobile Group (SMG).

The present document details the Inband Signalling Protocol between Transcoder/Rate Adaptor Units for speech traffic channels for the Tandem Free Operation (TFO) of Speech Codecs within the digital cellular telecommunications system.

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

Version 8.x.y

where:

8
indicates Release 1999 of GSM Phase 2+

x
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

y
the third digit is incremented when editorial only changes have been incorporated in the specification.

1
Scope

This specification document details :

· The Inband Signalling Protocol between Transcoder/Rate Adaptor Units for speech traffic channels for the Tandem Free Operation (TFO) of Speech Codecs.

· How the BTS and the BSC can be involved in TFO when the AMR speech service is supported.

This specification should be considered together with GSM 08.60 and GSM 08.61  and in the case of the AMR speech service with the GSM 08.58 and GSM 05.09.

Annex A is mandatory and describes the general Inband Signalling (IS) Principle.

Annex B is informative and gives the rules for In Path Equipment (IPE).

Annex C is the formal SDL description of the TFO Protocol as given in clause 10. Clause 10  has precedence in case of ambiguities. A part of Annex C is in electronic format. Annex C is informative. It supports the formal verification of the TFO Protocol.
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3
Definitions and Abbreviations

3.1
Definitions

For the purposes of the present document, the following definitions apply.

TRAU Frame is used equivalent to "TRAU Speech Frame".

TFO Frame is used equivalent to "TFO Speech Frame".

Abis/Ater indicates that either the Abis or the Ater interface is used, depending on the location of the TRAU equipment.

AMR 8k is an AMR whose all modes are compatible with 8 kbit/s TFO frames.

AMR-16k is an AMR requiring 16 kbit/s TFO frames.

3.2
Abbreviations

For the purposes of the present document, the following abbreviations apply.

ACS

Active Codec Set

AMR

Adaptive Multi-Rate

BSC

Base Station Controller

BSS

Base Station Sub-system

BTS

Base Transceiver Station

CACS

Common Active Codec Set

CSCS

Common Supported Codec Set

DACS

Distant Active Codec Set

DSCS

Distant Supported Codec Set

EFR

Enhanced Full Rate 

FR

Full Rate


HR

Half Rate

ICM

Initial Codec Mode

IPE

In Path Equipment

LACS

Local Active Codec Set

LSCS

Local Supported Codec Set

MACS

Maximum number of codecs in the Active Codec Set

MS

Mobile Station

MSC

Mobile Switching Centre

OACS

Optimized Active Codec Set

PCM

Pulse_Coded_Modulation

PCM_Alaw_Idle

PCM sample with value 0x54.

PCM_(Law_Idle

PCM sample with value 0x00.

PCM_Alaw_Silence
PCM sample with value 0xD5.

PCM_(Law_Silence
PCM sample with value 0xFF.

PCM sample

8-bit value representing the A_Law or (_Law coded sample of a speech or audio signal; 
sometimes used to indicate the time interval between two PCM samples (125(s).

PCM_Silence

either PCM_Alaw_Silence, or PCM_(Law_Silence, dependent on application



PCM_Idle

either PCM_Alaw_Idle, or PCM_(Law_Idle, dependent on application



RATSCCH

Robust AMR Traffic Synchronized Control CHannel

SCS

Supported Codec Set

TFO_ACK

TFO Acknowledgement Message

T_Bits

Time Alignment Bits

Tbfh

Time delay Bade Frame Handling

TCME

TFO Circuit Multiplication Equipment

TFO

Tandem Free Operation

TFO_ACK

TFO Acknowledgement Message

TFO_DUP

TFO (Half) Duplex Mode Message

TFO_FILL

TFO Fill Message


TFO_NORMAL

TFO Normal Mode Message


TFO_REQ

TFO Request Message

TFO_SYL

TFO Sync Lost Message

TFO_TRANS

TFO Transparent Mode Message



TRAU

Transcoder and Rate Adaptor Unit

Tultfo

Time delay UpLink TFO

Other abbreviations used in this TS are listed in GSM 01.04.

4
General Approach

4.1
Background

In case of mobile-to-mobile calls (MS-MS calls) in GSM networks without TFO, the speech signal is encoded within the first mobile station for transmission on the air interface, and decoded within the associated first "transcoder and rate adaptor unit" (TRAU). The PCM samples are then transported within the fixed part of the network to the second TRAU using 64 kbit/s traffic links. This second TRAU encodes the speech signal a second time for the transmission on the second air interface, and the associated mobile station decodes is again. The two Codecs (Encoder-Decoder pair) of the connection are in "Tandem Operation". 

This Tandem Operation has several disadvantages: 

· The two consecutive encoding/decoding processes degrade the speech quality more than necessary;

· The links between the TRAUs within the fixed network need 64 kbit/s, where 16 or 8 kbit/s would be sufficient;

· The unnecessary encodingwithin the TRAUs allocates DSP power.

Tandem Free Operation requires two  (back and forth) "transparent" digital channels or paths between the TRAUs. Devices within these paths need to be transparent or to be switched off for the TFO Messages and the TFO Frames. To guarantee this digital transparency with out_of_band signalling is not trivial. Out_of_band signalling is especially not fast enough for fall back to normal operation in case of sudden interruption of the transparency of the links.

This TFO specification defines therefore an inband signalling protocol which tests, if:

· an MS-MS call is given;

· the paths between the TRAUs are digitally transparent;

· both TRAUs support TFO;

· the speech Codecs on both radio legs are identical.

establishes the TFO connection by:

· commanding the paths to go transparent and
· bypassing the decoder/encoder functions within the TRAUs.

guarantees a fast fall back procedure for sudden TFO interruption and supports:

· the resolution of Codec mismatch situations; and

· the cost efficient transmission within the fixed part of the network.

The Tandem Free Operation for FR, EFR and HR speech services is fully compatible with existing GSM equipment. In its basic operation it affects only TRAUs. The additional computational complexity is small compared to the encoding/decoding functions of the TRAUs. Mobile Station, BTS, MSC and other network elements are not at all affected in this basic operation.

The Tandem Free Operation for the AMR speech service involves the BTS and possibly the BSC in addition to the TRAU.

In an optional mode, the TFO supports the resolution of Codec mismatch situations, i.e. the situation where the Speech-Codecs at both radio-legs are different. For this, an additional communication channel between TRAU and BSS is necessary and the BSS has to perform a normal local intra cell handover to change the Codec type. That communication between TRAU and BSS is considered as manufacturer proprietary and not handled within this specification in case of the FR, HR and EFR speech services. In case of the AMR speech service see GSM 08.58, 08.60 and 08.61 for the transmission of the required information to solve Codec mismatch situations.

Once TFO functionality is implemented in TFO compatible TRAU equipment, it can be employed also for TFO connections to other systems, like ISDN phones, speech servers, Internet connections or connections to other systems, like UMTS.

The procedure to follow to establish and maintain TFO is described in clause 13.

4.2
Principle of Tandem Free Operation

The TRAU shall be controlled by the BTS when it is positioned remote from the BTS. In this case, the speech/data information and TRAU control signals shall be transferred between the BTS and the TRAU in frames denoted "TRAU Frames" on the Abis respectively Ater interface.

In Tandem Free Operation similar frames, denoted ”TFO Frames”, are transferred between the two TRAUs on the A-interface by inband signalling, i.e. inserting them into the PCM sample bit stream.

In the case of Half Rate speech traffic, these TFO Frames shall be carried by 8 kbit/s traffic channels mapped onto the least significant bit (LSB) of the PCM samples.

In the case of Full Rate and Enhanced Full Rate speech traffic, these TFO Frames shall be carried by 16 kbit/s traffic channels mapped onto the two least significant bits of the PCM samples. 

In case of the AMR either 16 kbit/s or 8 kbit/s traffic channels (see sub-clause 5.2.2), depending on the ACS, are mapped onto the least or two least significant bits of the PCM samples.

Like TRAU Frames the TFO Frames have a fixed size (and length) of:

· 160 bits (20 ms) for the 8 kbit/s format;

· 320 bits (20 ms) for the 16 kbit/s format;

· 
In addition to these TFO Frames, other TFO Messages are also transferred on the A-interface. TFO Messages conform to the IS_Message Principles described in Annexes A and B.

The TFO protocol between the TRAUs is independent of the position of the TRAUs within the GSM networks.

A possible configuration of two TRAUs is shown in Figure 1, which is intended as a reference model.



Figure 1/§4: Functional Entities for Handling of Tandem Free Operation in MS-MS calls

TFO shall provide a virtually transparent digital channel from Encoder of Mobile A to Decoder of Mobile B and vice versa.

4.3
TFO standard Version

This specification applies to the version 0 of the TFO standard.

This version applies to the FR, HR, and EFR speech Codec types. It also applies to AMR.

The version number is only indicated in the Ver (Version number) field of the AMR-ACS and AMR_SCS Extension Blocks (see sub-clause 6.11.3).

When no version number is indicated in the TFO Messages, version 0 applies.

If Local and Distant version numbers differ, the smallest version number shall have precedence and shall be applied by both Local and Distant BSS.
5
TFO Frame Structure

5.1
16 kbit/s TFO frames

5.1.1
TFO Frames for Full Rate and Enhanced Full Rate

Full Rate (Enhanced Full Rate) TFO Frames are structured similar to uplink Full Rate (Enhanced Full Rate) TRAU Frames. 

Table 1/§5: The coding of the Control Bits (C1 .. C21) for FR and EFR TFO Frames

Control Bit 
Description
Comment

C1 - C4


Frame Type
FR

EFR
C1  C2  C3  C4 
 0  .  0  . 0  .  1 
 1  .  1  . 0  .  1       All other code words are reserved.

C5
EMBED
Indicates the presence of an embedded TFO Message

C6 - C11
spare
(is Time Alignment in TRAU frame)

C12
BFI
Copied from uplink TRAU frame

C13 - C14
SID
Copied from uplink TRAU frame

C15
TAF
Copied from uplink TRAU frame

C16
spare


C17
DTXd
Copied from uplink TRAU frame

C18 - C21
spare


Any spare control bits should be coded binary "1". They are reserved for future use and may change.

The Synchronisation Pattern is similar to the Synchronisation Pattern in 08.60, with some exceptions:

EMBED: 
C5 equal "0": the Synchronisation Pattern is exactly as described in 08.60;

C5 equal ”1”: the Synchronization Pattern is changed by embedding a TFO Message.

For the coding of the Data Bits see GSM 08.60.

For the coding of the Time Alignment Bits (T_Bits, T1.. T4) see GSM 08.60.

The T_Bits correspond normally to the T_Bits received in the up-link TRAU Frame.

For the purpose of this description the 320 bits of one TFO Frame are arranged in 40 rows (0..39),

with 8 bit (1..8: one octet) each (see GSM 08.60).

5.1.2
TFO frame for the Adaptive Multi Rate

Adaptive Multi Rate TFO Frames are structured similar to Adaptive Multi rate TRAU Frames (see GSM 08.60).

Table 2/§5: The coding of the Control Bits (C1 .. C25) for AMR TFO Frames (16kbit/s)

Control Bit 
Description
Comment

C1 - C4


Frame Type
AMR
C1  C2  C3  C4 
 0  .  0  . 1  . 1      All other code words are reserved.

C5
EMBED
Indicates the presence of an embedded TFO Message

C6 - C11
spare(1)
(Time Alignment, Phase Alignment or TFO Information in TRAU frame)

C12
RIF
Copied from uplink TRAU frame

C14 – C16
Config_Prot
Copied from uplink TRAU frame or replaced by 0.0.0 (see sub-clause 8.4.1.2)

C17 C18
Mess N°
Copied from uplink TRAU frame

C19
spare(1)


C20
TFOE
Copied from uplink TRAU frame

C21 – C22
Frame_Class
Copied from uplink TRAU frame

C23 – C25
(see GSM 08.60)
Copied from uplink TRAU frame

Any spare control bits should be coded binary "1". They are reserved for future use and may change.

(1)Bits C6 .. C11 are spare bits except when the command “Handover_Soon” is received by the UL TRAU, then these bits are copied from the UL TRAU frame to the TFO frame. In DL when “Handover_Soon” is received in the TFO frame it is copied in the corresponding DL TRAU frame.

The Synchronisation Pattern is similar to the Synchronisation Pattern in 08.60, with some exceptions related to the value of the EMBED bit:

EMBED: 
C5 equal "0": the Synchronisation Pattern is exactly as described in 08.60;
C5 equal ”1”: the Synchronization Pattern is changed by embedding a TFO Message.

For the coding of the Data Bits see GSM 08.60.

For the coding of the Time Alignment Bits (T_Bits, T1.. T4) see GSM 08.60.

The T_Bits correspond normally to the T_Bits received in the up-link TRAU Frame.

5.1.3
Transmission of the bits of 16 kbit/s TFO frames

For the purpose of this description the 320 bits of one TFO Frame are arranged in 40 rows (0..39), with 8 bit (1..8: one octet) each (see GSM 08.60).

The bits of  16 kbit/s TFO Frames are transmitted in the following order:

Bit m of octet n, shall be transmitted in the Least Significant Bit of the 

PCM sample k = n*4 + (m+1)/2
for  m = (1, 3, 5, 7)  and n = (0..39).

Bit m of octet n shall be transmitted in the second Least Significant Bit of the 

PCM sample k = n*4 +  m/2
for  m = (2, 4, 6, 8)  and
n = (0..39).

PCM sample (k=1) is the first PCM sample of the corresponding decoded speech frame (k=(1..160)).

5.2
8 kbit/s TFO frames

5.2.1
TFO Frame for Half Rate

Half Rate TFO Frames are always structured similar to uplink Half Rate TRAU Frames for 8 kbit/s submultiplexing, see GSM 08.61 subclauses 5.2.1 and 5.2.4.1. 

If Half Rate TRAU Frames with 16 kbit/s submultiplexing are used on the Abis/Ater interface, then the Control and Extended Control Bits for the 8 kbit/s TFO Frame need to be generated on basis of the received Control Bits from the TRAU Frame.


The coding of the Control Bits (C1 .. C9) is according to the following table 3:

Table 3/§5: The coding of the Control Bits (C1 .. C9)

Control Bit 
Description
Comment

C1 - C4


Frame Type
HR
C1 . C2 . C3 . C4 
 0  .   0  .   0  .  1              All other code words are reserved.

C5
EMBED
Indicates the presence of an embedded TFO Message

C7 - C8
spare


C9
DTXd
Copied from uplink TRAU frame

Any spare control bits should be coded binary "1". They are reserved for future use and may change.

The Synchronisation Pattern is similar to the Synchronisation Pattern in 08.61, with some exceptions:

EMBED: 
C5 equal "0": the Synchronisation Pattern is exactly as described in 08.61;

C5 equal ”1”: the Synchronization Pattern is changed by embedding a TFO Message.

The coding of the Extended Control Bits (XC1.. XC6):

XC1 is copied from the uplink TRAU Frame.

XC2 .. XC6: These bits are normally copied from the 8 kbit/s TRAU frame corresponding to this TFO Frame.

All other codes are reserved.

For the coding of the Data Bits see GSM 08.61.

For the coding of the Time Alignment Bits see GSM 08.61.

The T_Bits correspond normally to the T_Bits received in the up-link TRAU Frame.

For the purpose of this description the 160 bits of one frame are arranged in 20 rows (1..20), with 8 bit (1..8: one octet) each (see GSM 08.61).

5.2.2
TFO Frame for the Adaptive Multi Rate

Adaptive Multi Rate 8 kbit/s TFO Frames are structured similar to Adaptive Multi rate 8 kbit/s TRAU Frames (see GSM 08.61). Only AMR mode rates up to 6.7 kbit/s can be used with 8 kbit/s TFO Frames.

Table 4/§5: The coding of the Control Bits (C1 .. C5) for AMR TFO Frames (8kbit/s)

Control Bit
Description
No Speech frames and 4.75, 5.15 and 5.9 kbit/s Codec Modes
6.7 kbit/s Codec Mode

C1 – C3
see 08.61
Copied from uplink TRAU frame

C4-C5
Frame_Class
Copied from uplink TRAU frame
included in C1-C3

There is no possibility to indicate the presence of an embedded TFO message (No EMBED indication) in Adaptive Multi Rate 8 kbit/s TFO Frames. This should be continuously checked at the receiving end by looking if any deviation to the normal synchronization pattern is induced by the presence of an embedded message. No_Speech frames contain the full set of TFO parameters in the Data Bits as listed in sub-clause 8.1.4.5. TFO Frames for Codec modes below 5.9 kbit/s carry the Config_Prot and Message_No parameters in the Data Bits also (see sub-clause 8.1.4.5). If TFO parameters are received in an uplink TRAU frame (and these parameters are useful for the distant side), the TRAU should keep these parameters in the forwarded TFO frame. If the TRAU must send additional parameters to the distant side, it shall preempt the speech frame and embed these parameters in a TFO No_Speech frame at the positions given in sub-clause 8.4.1.5. If no additional parameters are to be sent, the TFO frame shall be copied from the TRAU frame.

The Synchronisation Pattern is identical to the Synchronisation Pattern in 08.61

For the coding of the Data Bits see GSM 08.61.

For the coding of the Time Alignment Bit (T Bit) for all modes below 5.9 kbit/s and the No_Seech Frame, see GSM 08.61.

The T_Bit correspond normally to the T_Bit received in the up-link TRAU Frame.

5.2.3
Transmission of the bits of 8 kbit/s TFO frames

The bits of 8 kbit/s TFO Frames are transmitted in the following order:

Bit m of octet n shall be transmitted in the Least Significant Bit of the 

PCM sample k = (n-1)*8+m;
with  m = (1..8) and n = (1..20).

PCM sample (k=1) is the first PCM sample of the corresponding decoded speech frame (k=(1..160)).

5.3
Determination of the TFO frame format

The TFO frame format, i.e. either for 16 or 8 kbit/s, is determined based on:

· the common Codec type,

·  for AMR, the Common Active Codec Set (see clause 12).

For the FR and EFR speech Codec types, the TFO frame format shall be 16 kbit/s (see sub-clause 5.1.1). For the HR speech Codec type, the TFO frame format shall be 8 kbit/s (see sub-clause 5.2.1).

In case of AMR, 8 kbit/s TFO frame format (see sub-clause 5.2.2) shall be used if the common ACS does not include the AMR codec mode 7,4 kbit/s and upward (e.g. 7,95 or 10,2), otherwise 16 kbit/s TFO frame format (see sub-clause 5.1.2) shall be used. Thus the TRAU and TFO frame formats can differ and format conversion shall be then performed.

NOTE 1:
After a modification of the ACS while TFO is ongoing the TFO frame format may change. The control of the IPEs is described in sub-clause 8.1.3.

NOTE 2:
If AMR is supported by the TRAU then both TFO frame formats shall be supported as well.
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