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Foreword

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

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

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

This document contains the Stage 3 –Service Description for the In-band signalling Protocol for the support of Tandem Free Operation of Speech Codecs in GSM and GSM-evolved 3G systems.

2
References

The following documents contain provisions, which, through reference in this text, constitute provisions of the present document.
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· For a non-specific reference, the latest version applies.
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3
Definitions and abbreviations

3.1
Definitions

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

Transcoder:
A transcoder is a device that converts the encoding of information from one particular scheme to a different one. A Speech Transcoder in a GSM or 3G system converts the speech encoding usually from G.711 to a format optimised for the transmission over the air Interface. The new format relates to a specific speech Codec.
Tandem Free Operation:
A call configuration where a transcoder device is physically present in the signal path, but the transcoding functions are bypassed. The transcoding device may perform control and protocol conversion functions.

Transcoder Free Operation:
A call configuration where no transcoder device is physically present and hence no control or conversion or other functions associated with it are activated.

TRAU Frame or TRAU Speech Frame refer to a Speech Frame carried over the Abis/Ater Interface in a GSM network.

TFO Frame or TFO Speech Frame refer to the Speech Frames exchanged between the Transcoders when Tandem Free Operation is active.

Abis/Ater applies to a GSM network where either the GSM Abis or Ater interfaces are used, depending on the location of the Transcoder and Rate Adaptor Units.

AMR 8k is an AMR Speech Codec Configuration containing modes all compatible with 8 kbit/s TFO Frames.

AMR-16k is an AMR Speech Codec Configuration requiring 16 kbit/s TFO Frames.

Other definitions are contained in [1] and [36].

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

GCME
GSM Circuit Multiplication Equipment

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
Optimised 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_Alaw_Silence
PCM sample with value 0xD5.

PCM_Law_Silence
PCM sample with value 0xFF.

PCM_Idle
either PCM_Alaw_Idle, or PCM_Law_Idle, dependent on application

PCM_Alaw_Idle
PCM sample with value 0x54.

PCM_Law_Idle
PCM sample with value 0x00.

RATSCCH
Robust AMR Traffic Synchronised 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_TRANS
TFO Transparent Mode Message


TFO_NORMAL
TFO Normal Mode Message

TFO_DUP
TFO (Half) Duplex Mode Message

TFO_REQ
TFO Request Message

TFO_SYL
TFO Sync Lost Message

TFO_TRANS
TFO Transparent Mode Message


TFO
Tandem Free Operation

TRAU
Transcoder and Rate Adaptor Unit

TrFO
Transcoder Free Operation

Tultfo
Time delay UpLink TFO

Other abbreviations are contained in [1] and [36]. 

4.
General Description

Tandem Free Operation (TFO) is intended to avoid the traditional double speech encoding/decoding in MS to MS (GSM) or UE to UE (3G) call configurations.
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13.
Common and Optimal ACS for AMR

13.1 Common ACS for Immediate TFO setup

When AMR is used on both sides, TFO shall be established immediately if the local and distant ACSs fulfill the rules defined below. The Common ACS shall be updated each time a new local ACS or a new distant ACS is available. 

The common ACS shall be built from the local ACS, reported to the transcoder by the knowing entity (?note: MSC or directly RNC For TC?)and distant ACS, reported in the received TFO messages. The CACS contains all modes common to these two ACSs .

If the common ACS is not acceptable (see section 13.3.3), immediate TFO setup is impossible. Mismatch and optimisation handling has to be applied (see clause 13.2) after the full set of TFO parameters has been exchanged between the Transcoders. The Optimized ACS (OACS) shall then be calculated.

If the Common ACS is acceptable, and the contiguity rule (see subclause 13.3.3) is fulfilled, TFO can be immediately established on the CACS. Further optimization may be done according to clause 13.2 after TFO setup and when the full set of TFO parameters has been exchanged.. If the contiguity rule is not fulfilled, immediate TFO is not possible.

13.2 General principles for AMR TFO optimization

AMR TFO Optimization shall take place in two situations:

· After immediate TFO setup, while TFO is ongoing.

· When Immediate TFO setup is impossible.

In these cases, the transcodershall wait for the complete distant configuration and forward it to the entity responsible for ACS change. This entity shall then apply the following rules to find the OACS.

The determination of the optimal ACS is performed for all different possible combinations of the AMR Codec Types available at each side.

When it is not possible to find a common ACS (CACS) for one of the combinations, then it shall not be considered in the Preference_List (see sub-clause ?.).

The first step is to determine the Common SCS containing all modes common to the local and the distant SCS. If the CSCS is empty then the corresponding AMR Codec Type combination shall not be considered. . The next step is to determine the common MACS equl to the minimum value of the local and distant MACS. The last step is to determine the optimal ACS. (see sub-clause 13.3).

The aceptability rule for the Optimal ACS is defined in sub-clause 12.3.3.

13.3 Determination of the Optimal Common Active Codec Set

13.3.1 Preliminary rule

If the CMACS is bigger than the number of modes in the CSCS all the modes of the CSCS are retained otherwise the rules of the next sub-clauses apply.

12.3.2
Clustering of the AMR modes

The AMR modes are clustered according to the speech quality, which can be achieved and depending on the available AMR Codec type at each side
12.3.2.1
AMR-FR/AMR-FR

The AMR modes in TCH/F are ranked as described in the following table :

Table 2/§11: Clustering of the AMR FR modes

A
B
C
D
E

12,2 10,2
7,95
7,4 6,7
5,9
5,15 4,75

The CSCS is then described according to this table. For example if the CSCS is 12,2 - 7,95 - 7,4 - 6,7 and 4,75 it becomes ABCCE.

12.3.2.2
AMR-FR/AMR-HR & AMR-HR/AMR-HR

This sub-clause is also valid for AMR-HR/AMR-FR. The AMR modes are ranked as given the following table:

Table 3/§11: Clustering of the AMR HR modes

A
B
C
D
E

7,95 7,4
6,7
5,9
5,15
4,75

12.3.2.3
Optimal Active Codec Set (OACS)

When a mode is retained it is incorporated in the OACS. When a mode is removed from the CSCS it is meant that this mode shall not be consider for the determination of the following modes of the OACS.

The order of consideration of the modes is expressed in term of cluster name. When there are two modes of a same cluster as in the example given in sub-clause 12.3.2.1 both shall be considered. An additional rule is given to determine which one of the two must be retained for the OACS.

The rules given in the following apply to all AMR combinations.

CMACS equals 1:

The selected mode is determined by going through the CSCS in the following order CBDEA. When there are two modes in one cluster the one with the lowest rate is retained. It stops as soon as one mode is found.

CMACS equals 2:
The first mode is determined by going through the CSCS in the following order DECBA. When there are two modes the one with the lowest rate shall be retained. It stops as soon as a mode is available .The retained mode is removed from the CSCS.

The second mode is determined by going through the CSCS in the following order BACDE. When there are two modes of one cluster the one with the highest rate shall be retained. It stops as soon as a mode is available.

CMACS equals 3:
The first mode is determined by going through the CSCS in the following order ABCD. When there are two modes the one with the highest rate shall be retained. It stops as soon as a mode is available. The retained mode is removed from the CSCS.

The second mode is determined by going through the CSCS in the following order EDCB. When there are two modes the one with the lowest rate shall be retained. It stops as soon as a mode is available. The retained mode is removed from the CSCS.

The third mode is determined by going through the CSCS in the following order CBDEA. When there are two modes available for a cluster the one with the lowest rate is retained.

CMACS equals 4:

The first mode is determined by going through the CSCS in the following order ABC. When there are two modes the one with the highest rate shall be retained. It stops as soon as a mode is available. The retained mode is removed from the CSCS.

The second mode is determined by going through the CSCS in the following order EDC. When there are two modes the one with the lowest rate shall be retained. It stops as soon as a mode is available. The retained mode is removed from the CSCS.

The third mode is determined by going through the CSCS in the following order CBDEA. When there are two modes available for a cluster the one with the lowest rate is retained. The retained mode is removed from the CSCS.

The fourth mode is determined by going through the CSCS in the following order DBCAE. When there are two modes available for a cluster the one with the lowest rate is retained.

12.3.3
Acceptability of the Optimized Active Codec Set 

The OACS selected by the previous subclause and any CACS shall verify the following acceptability rule:

Acceptability Rule:
The different clusters are assigned to different weights: A 1, B 2, C 3, D 4 and E 5.

The different modes of the LACS, DACS and CACS are weighted according to the cluster they belong to.

The folowing means are computed:
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LMACS is the number of codec modes flaged in the Local ACS (LACS). DMACS is the number of codec modes flaged in the Distant ACS. CMACS is the number of codec modes flaged in the Common ACS (CACS).

LACS(i) is the weight of the ith codec mode flaged in the Local Active Codec Set; respectively DACS(i) and CACS(i) are the weigths of the ith codecs flaged in the Distant ACS and the Common ACS.

In consequence ML, MD and MC are weighted average modes for the Local, Distant and Common ACS.

The Acceptability rule is applied using the Local and Distant AMR configurations. Consequently both Local and Distant BSS process the Acceptability rule using the same inputs.

The acceptability rule consists of:

If CMACS equals 1 then

If 
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then the CACS is not accepted.

Else

If 
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 then the CACS is not accepted.
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 then the CACS is not accepted.

Else the CACS is accepted.

End
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It is assumed that CMACS is never nul. In case it is there’s no CACS.

Furthermore, to establish immediate TFO setup, CACS shall verify the contiguity rule:

(Contiguity rule Only Applies to GSM because of adaptation mechanism)

Contiguity Rule:
All modes of CACS shall be contiguous within (local) ACS.

Example A: Rule of contiguity is fulfilled


(Local) 
ACS

12.2
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7.95
4.75





CACS



10.2
7.95

Example B: Rule of contiguity is not fulfilled
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It can happen that CACS for Immediate TFO setup does not verify the contiguity rule but a subset of this CACS does. In that case, CACS is restricted to this subset to establish immediate TFO setup. If several subset verify the rule, the one with the most number of modes is chosen. If several could be chosen, the subset with the lowest mode will be chosen. 

NOTE 1:
This rule is directly related to the link-adaptation, which does not allow a jump in the codec list.

NOTE 2: 
The codec numbering on the Abis is absolute on the Abis link but not on the radio. BTS shall take care of this and change the codec numbering at the same time it change ACS (into CACS) on the Abis link. The MS is not aware of the change, it does not see anymore CMC outside the CACS. RATSCCH need not to be used. 

12.4
Location of the determination of the Common and Optimized Active Codec Set

12.4.1
Locations for the immediate TFO Setup

The determination of the CACS for immediate TFO_Setup shall be in the BTS and in the TRAU. The BTS shall not change the MS ACS. The BTS shall restrict the adaptation within the CACS, which is actually a sub-set of the MS ACS. When this change of ACS is completed this is signalled to the TRAU by modifying the ACS field of the TFO parameters conveyed by the UL TRAU frames. The TRAU has previously determined what shall be the CACS for TFO_Setup. When the CACS as determined by the TRAU is also present in the ACS field previously mentioned then the TRAU shall enter in the Konnect State. (The ACS should not be changed by the BTS. The section should be moved to another section).

12.4.2
Locations for the AMR TFO optimization

The AMR TFO optimization as described in sub-clauses 12.2 to 12.3 shall be located for Codec Type Mismatch and optimization in the BSC.

The AMR Codec Mode mismatch and optimization can be  located in the BSC and/or BTS.

If this is delegated to the BTS by the BSC (see GSM 08.58) the AMR_TFO optimization shall be in the BTS.

14.
AMR Configuration Mismatch and Optimisation
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