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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.
This version of the specification applies to Circuit Switched based speech services.
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 a specific reference, subsequent revisions do not apply.

· 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.
Compressed Speech Samples:
Speech samples coded according to one of the Codec Types supported by the TFO specification
PCM Samples:
Speech samples coded according to A-Law or -Law G.711 at 64 kbit/s.
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
LSB
Least Significant Bit
LSCS
Local Supported Codec Set

MACS
Maximum number of codecs in the Active Codec Set
MGw
Media Gateway
MS
Mobile Station
MSB
Most Significant Bit
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.
PLMN
Public Land Mobile Network
RAN
Radio Access Network
RATSCCH
Robust AMR Traffic Synchronised Control Channel
RNC
Radio Network Controller
SCS
Supported Codec Set
TC
Transcoder
TFO_ACK
TFO Acknowledgement Message

T_Bits
Time Alignment Bits

Tbfh
Time delay Bad 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
UE
User Equipment
Other abbreviations are contained in [1] and [36]. 

4.
General Description

4.1
Background Information

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.

In a normal UE-UE call configuration the Speech Signal is first encoded in the originating MS, sent over the Air Interface, converted to A-law or -law G.711 in the local transcoder, carried over the fixed network, transcoded again in the distant transcoder, sent over the distant Air Interface and finally decoded in the terminating MS (see Figure 4-1). In this configuration, the two speech codecs (coder/decoder pairs) are in Tandem Operation. The key inconvenience of a tandem configuration is the possible speech quality degradation introduced by the double transcoding. This degradation is usually more noticeable when the speech codecs are operating at low transmission rates.
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Figure 4-1: Typical Speech Codec Tandem Operation

When the originating and terminating connections are using the same speech codec, it is possible to transmit transparently the speech frames received from the originating MS to the terminating MS without activating the transcoding functions in the originating and terminating networks (see Figure 4-2). In this configuration, Tandem Free Operation has been activated.
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Figure 4-2: Tandem Free Operation of Speech Codec

The key advantages of Tandem Free Operation are:

-
Improvement in speech quality by avoiding the double transcoding in the network

-
Possible savings on the inter-PLMN transmission links, which are carrying compressed speech compatible with a 16 kbit/s or 8 kbit/s sub-multiplexing scheme

-
Possible savings in processing power in the network equipment since the transcoding functions in the Transcoder Units are disabled.

-
Under some circumstances, possible reduction in the end-to-end transmission delay

The major constraint of Tandem Free Operation is that the inter-PLMN transmission links must be transparent to the compressed speech frames. This means that any device located in the transmission path between the originating and the terminating transcoders must be disabled, switched-off, or made aware of the TFO situation to keep unaltered any compressed speech frame sent over the transmission path. Examples of such devices are listed in Annex B.

The TFO Protocol defined in this specification provides the following services:

-
Establishment of a transparent path between transcoders

-
Provision of an In-band signalling link between transcoders

-
Exchange of information on the active speech codec and supported speech codecs at both ends of the call configuration

-
Resolution of any codec mismatch

-
Establishment and Maintenance of Tandem Free Operation when identical codecs are used at both ends of the call configuration

-
Fast and seamless fall back to Tandem Operation in case of necessary or unexpected TFO interruption (i.e. activation of supplementary services)

-
Cost efficient transmission links

This specification defines Tandem Free Operation for the different speech codec types used in GSM and GSM-evolved 3G systems. This includes the GSM FR, HR, EFR and AMR_FR, AMR_HR or AMR_UMTS codec types. However, the procedures used to establish TFO are considered system independent and could be extended to call configurations involving other systems like ISDN phones, speech servers, IP Multimedia or other wireless systems.

For the GSM FR, EFR and HR speech codec types, Tandem Free Operation is fully compatible with the installed equipment base. The feature is fully supported by the Transcoder Units. The additional processing complexity is small compared to the encoding/decoding functions. Other network elements are not affected and possibly not aware of the establishment of Tandem Free Operation.

For the support of AMR Tandem Free Operation in GSM the BTS and possibly the BSC may be affected in addition to the TRAU.
The resolution of a possible codec mismatch is defined as an optional feature. A codec mismatch occurs when different speech codecs are used at both ends of the call configuration at call set-up. The resolution consists in finding an optimal speech codec on which TFO may be established. For that purpose, other elements in the Radio Access Network (BSS in GSM or RNC in 3G) might be involved. The communication channel between the Transcoder Units and the other network elements used to transfer network parameters to solve a codec mismatch is considered a proprietary interface. It is not further defined in this specification. For GSM AMR, provision exists in the TRAU Frames to carry the network parameters across the Abis/Ater interface (see GSM 08.58, 08.60 and 08.61).

4.2
Principle of TFO Operation

Tandem Free Operation is activated and controlled by the Transcoder Units after the completion of the call set-up phase at both ends of an UE-UE call configuration. The TFO protocol is fully handled and terminated in the Transcoder Units. For this reason, the Transcoder Units cannot be bypassed in Tandem Free Operation. This is the key difference with the feature called Transcoder Free Operation (TrFO) defined in 3G TS 23.153.

In return, the Transcoder Units continuously monitor the normal Tandem Free Operation and can terminate TFO as soon as necessary with limited impact on the speech quality.

Before TFO is activated, the Transcoder Units exchange conventional 64 kbit/s PCM speech samples coded according to the ITU-T G.711 A-Law or -Law. The Transcoders can also exchange TFO messages by stealing the least significant bit in every 16th speech sample (see annex A for the specification of the TFO message transmission rule and clauses 7 to 9 for the description of the TFO procedures and messages content).

If the same codec type and configuration are used at both ends of the UE-UE call configuration, the Transcoders automatically activate TFO. If different codec types and/or configurations are used at both ends, then a codec mismatch situation exists. TFO cannot be activated until the codec mismatch is resolved. This capability is an optional feature involving other network elements of the Radio Access Network. The rules for finding a common codec type and solve the codec mismatch are defined in clauses 12 to 14.

Once TFO is activated, the Transcoder Units exchange TFO Frames carrying compressed speech and in-band signalling, which structure is derived from the GSM TRAU Frames defined in the GSM 08.60 and 08.61. The differences between TFO Frames and TRAU Frames are listed in clause 6. The exchange of TFO messages is still possible while TFO is active. In this case, the stealing process will result in embedding a message in the synchronisation pattern of the TFO Frame.

When TFO is activated between two end connections using the GSM HR speech codec, the TFO Frames shall be carried over 8 kbit/s channels mapped onto the least significant bit (LSB) of the 64 kbit/s PCM speech samples.

When TFO is activated between two end connections using the GSM FR or GSM EFR speech codecs, the TFO Frames shall be carried over 16 kbit/s channels mapped onto the two least significant bits of the 64 kbit/s PCM speech samples.

When TFO is activated between two end connections using the AMR speech codec, the TFO Frames shall be carried over 8 or 16 kbit/s channels mapped onto the least or two least significant bits of the 64 kbit/s PCM speech samples. The format depends on the codec configuration (Active Codec Set) on which TFO is activated.

To facilitate a seamless TFO interruption, the MSB of the speech samples shall always carry the original transcoded PCM speech samples (not compressed).

Like GSM TRAU Frames, the TFO Frames have a fixed size (and duration) of:

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

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


F1gure 5-1 provides a reference model for the functional entities handling Tandem Free Operation. The TFO Protocol is fully described in clauses 10 (State Machine) and 11 (Detailed Protocol).
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Figure 5-1: Functional Entities Handling of Tandem Free Operation

The same TFO protocol and Frame Format is used irrespective of the PLMN types at both ends of the call configuration. Figure 5-2 shows a normal TFO configuration involving the same or two different GSM networks.
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Figure 5-2: TFO Configuration between GSM Networks

Figure 5-3 presents a TFO configuration involving two GSM-evolved 3G Networks. Note that the same protocol and Frame Structure are also used irrespective of the type of Transmission Network connecting the two 3G networks (ATM or STM).
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Figure 5-3: TFO Configuration between 3G Networks

Finally, figure 5-4 presents a TFO configuration involving two different network types (GSM and 3G). Similar configurations could be derived with any network supporting a TFO protocol compatible with this specification.

[image: image7.wmf]MS

TRAU

TC

UE

BTS

Node B

RNC

BSC

MSC

MSC Server

MGw

64 kbit/s Speech Samples carrying

- TFO Frames on the LSB containing 

- Compressed speech samples

- Control bits

- TFO Messages

- Original PCM speech samples on the MSB

IPE

IPE


Figure 5-4: TFO Configuration between a GSM and a 3G Network

4.3
TFO Standard Version

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

This version applies to the GSM FR, HR, EFR and AMR speech codec types (AMR_FR, AM_HR and AMR_UMTS).

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

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

If the Local and Distant version numbers differ, the smallest version number shall have precedence and shall be applied by the Local and Distant Transcoders.

4.4
Document Content

In the following, clause 6 defines the structure of the TFO Frames exchanged between the Transcoder Units. The TFO Frames carry the compressed speech (payload) and some control bits for the inter-transcoder in-band signalling. Clause 7 introduces the elementary procedures used for the establishment and maintenance of Tandem Free Operation. Clause 8 defines the detailed content of the TFO messages associated with the TFO procedures. The TFO Message Structure is defined in a generic format in Annex A. Clause 9 defines how the TFO messages are mapped onto the TFO Frames. Clause 10 defines the TFO State Machine. Clause 11 contains the detailed TFO protocol. Finally clause 12, 13 and 14 relate to the optional codec mismatch resolution.

Annex B is an informative annex defining the expected behaviour of In-Path Equipment (IPE) for compatibility with Tandem Free Operation.

Annex C and Annex D define specific TFO processes for GSM and 3G systems.
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