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9.7.3 TFO _Term

This State is entered when TFO is disabled by either the [ocal or distant TRAU/TC. The TRAU/TC stops then sending
TFO frames but still accepts receiving TFO frames and messages sent by the distant TRAU/TC.

When the TFO termination has been initiated locally Fthe TRAU/TC transits through this state before entering to
Not_Active state after the TFO termination has been acknowledged by the distant side.

When the TFO termination has been initiated by the distant TRAU/TC, the TRAU/TC entersin MONITOR state when
TFO frames are no more received.
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9.7.3 TFO _Term

This State is entered when TFO is disabled by either the [ocal or distant TRAU/TC. The TRAU/TC stops then sending
TFO frames but still accepts receiving TFO frames and messages sent by the distant TRAU/TC.

When the TFO termination has been initiated locally Fthe TRAU/TC transits through this state before entering to
Not_Active state after the TFO termination has been acknowledged by the distant side.

When the TFO termination has been initiated by the distant TRAU/TC, the TRAU/TC entersin MONITOR state when
TFO frames are no more received.
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4.3 TFO Standard Version Handling

In TFO Specifications before REL-4 no TFO version handling is defined.

In TFO Specifications of REL-4 an “AMR TFO version number” is defined in the Ver (Version number) field of the
AMR_ACS and AMR_SCS Extension Blocks (see clause 7) and the ATVN field in AMR Configuration frames (see
Annex C). Only one REL-4 AMR TFO version is defined: version “0”.

From REL-5 onwards the “TFO Version number” contained in the “TFO Version” extension block (section 7) and in
“Generic Configuration Frames” (Annex H) shall reflect the Version and Subversion of the corresponding TS 28.062
(first and second digit of the TS version number, see foreword). The AMR TFO version number (Ver, AVTN, asin
REL-4) shall be treated as “undefined” in case the TFO Version Number (asin REL-5 and onwards) isindicated in the
TFO Messages.

The current TFO Version supportsthe GSM_FR, GSM_HR, GSM_EFR ,five AMR (Narrow Band) speech codec types
(FR_AMR, HR_AMR, UMTS AMR, UMTS AMR_2, OHR_AMR: AMR-NB family) and four AMR Wide Band
speech codec types (FR_AMR-WB, UMTS AMR-WB, OFR_AMR-WB, OHR_AMR-WB: AMR-WB family).

The smallest defined TFO Version number is0.0. It stands for all TFO Versions before 5.23. All numbers between 0.0
and 5.2-3 are reserved for future use. If the Local and Distant version numbers differ, the smallest version number shall
have precedence and shall be applied on both sides. The following features (table 4.3-1) are optiona or mandatory for

the different Codec Types, depending on the applicable version number:

Table 4.3-1: TFO Version Handling

Feature- TFO Version Immediate Generic Configuration Frames
Codec Typel Codec Type
Optimisation
GSM_FR Optional. Mandatory, if | If the TFO Version islower than 5.2-3
GSM_HR The TFO Version TFO Version | then Generic Configuration Frames shall not be
GSM_EFR extension block need not isb.23or used. Only TFO_REQ L and (TFO_ACK _L)
to be sent. higher. shall be used.
:\;gﬁ;cgamed In TFO If the_TFO V(_arsjon_i55.2—§or higher, then
or is lower than 5.23 Generic Configuration Frames shall be used.
= TFO_REQ L and TFO_ACK_L shall not be
then Pre-REL-5 handling used embedded into TFO Frames,
shall apply
FR_AMR Optional. Mandatory, if | If the TFO Version islower than 5.23, then
HR_AMR The TFO Version TFO Version | Generic ConfigurationFrames shall not be used.
UMTS AMR extension block need not isb.23or If the TFO Version is5.2-3 or higher, then
UMTS AMR2 to be sent. higher. Generic Configuration Frames shall be used.
OHR_AMR If not contained in TFO The parameter field in REL-4 AMR
M essages, Configuration frames shall be treated as
or islower than 5.23, undefined. TFO_REQ L and TFO_ACK_L
then Pre-REL-5 handling shall not be used embedded into TFO Frames.
shall apply
FR_AMR-WB Mandatory. Mandatory. Generic Configuration Frames shall be used.
UMTS AMR-WB | The TFO Version TFO_REQ_L and TFO_ACK_L shall not be
OFR_AMR-WB extension block shall used embedded into TFO Frames.
OHR_AMR-WB always be sent.
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10.2.1 Conditions for TFO_REQ, TFO_ACK, TFO_REQ L, TFO_ACK L,
New_Local Codec, New_Local Config, Distant Config

In the context of TFO_REQ, TFO_ACK, TFO_REQ L, TFO_ACK_L, New_Loca_Codec, New_Loca_Config,
Distant_Config the following conditions are used:

A_TP(AMR_TFO_Possible)
This condition isfulfilled if an AMR NB or AMR-WB codec type is used and the TFO decision algorithms resultsin an
immediate TFO situation. According to clause 11.2.3 these immediate TFO situations are:
¢ Immediate TFO with LACS == DACS
¢ Immediate TFO with FR — HR — Matching
¢ Immediate TFO with IACS == OACS
¢ Immediate TFO with the IACS is a subset of the OACS
NA_TP (Non_AMR_TFO_Possible)
This condition isfulfilled if anon-AMR codec typeis used and the distant used codec typeis equa to the local used
codec type (Duc==Luc).
TM (TFO_Mismatch)

This condition isfulfilled if the TFO decision algorithm does not result in an immediate TFO situation. Thisisthe case
in the following situations:

¢ Theloca and distant side use incompatible codec types.

¢ Both sides use compatible AMR or compatible AMR-WB codec types and the OACS doesn't exist or the OACS
isn't acceptable (Codec Mismatch Resolution has to be invoked).

¢ Both sides use compatible AMR or compatible AMR-WB codec types and the OACS is acceptable for TFO, but
first the ACS has to be changed to the OACS.

ICO (Immediate_Codec_Type Optimisation)
This conditionis fulfilled if
¢ both sidesindicate a TFO version greater than or equal to 5.3 and

e theavailable information on aternative codec types indicates that a change of the local and/or distant codec
type resultsin a TFO configuration with a higher preference level.

The condition is re-evaluated whenever new information on alternative codec types becomes available.

CR page 3
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4 General Description

4.1 Background Information

Tandem Free Operation (TFO) isintended to avoid the traditional double speech encoding/decodingin MSto MS
(GSM), MSto UE (GSM/3G) or UE to UE (3G) call configurations. In the following paragraphs the term "M S" is used
for MSand UE, the term UE only if a 3G terminal is explicitly addressed.

Inanormal MS-MS call configuration the Speech Signal is first encoded in the originating M'S, sent over the Air
Interface, converted to A-law or p-law I TU-T Recommendation G.711 [13] 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 M S (see Figure 4.1-1). In this configuration, the two speech codecs (coder/decoder pairs) are in "Tandem
Operation”. The key inconvenience of atandem configuration is the speech quality degradation introduced by the
double transcoding. This degradation is usually more noticeable when the speech codecs are operating at low rates.

Transcoding Functions

PLMN A PLMN B

Transcoding Transcoding
Function

MS/UE Function MS/UE

Encoding Compressed Speech Decoding ITU-T G.711 A-Law/p-Law Encoding Compressed Speech Decoding

Figure 4.1-1: 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 M S to the terminating MS without activating the
transcoding functions in the originating and terminating networks (see figure 4.1-2). In this configuration, "Tandem
Free Operation” is on-going.

Transcoding Functions Bypassed

PLMN A L T~ , PLMN B
anscodi Thanscodjg
MS/UE /\

. Compressed Speech .
Encoding b P Decoding

Figure 4.1-2: Tandem Free Operation of Speech Codec

MS/UE

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
32 kbit/s or 16 kbit/s or 8 khit/s sub-multiplexing scheme, including packet switched transmission;

- Possible savings in processing power in the network equipment since the transcoding functions in the Transcoder
Units are bypassed;

- Possible reduction in the end-to-end transmission delay.

The mgjor 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 (IPE: in path equipment)
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.
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The TFO Protocol defined in the present document provides the following services:
- Establishment of atransparent path between transcoders;
- Provision of an In-band signalling link between transcoders;

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

- Codec Mismatch Resolution;

- Establishment and Maintenance of Tandem Free Operation when identical codec types 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);

- Support for cost efficient transmission.

The present document defines Tandem Free Operation for the different Speech Codec Types used in GSM and
GSM-evolved 3G systems. Thisincludesthe GSM_FR, GSM_HR, GSM_EFR and FR_AMR, HR_AMR, OHR_AMR,
UMTS AMR, UMTS AMR_2, FR_AMR-WB, UMTS_AMR-WB, OFR_AMR-WB, OHR_AMR-WB 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 non-AMR Speech Codec Types (i.e. GSM_FR, GSM_EFR and GSM_HR), 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 involved in addition to
the TRAU.

The resolution of a possible codec mismatch is defined as an optional feature. A codec mismatch occurs when
incompatible speech codecs are used at both ends of the call configuration at call set-up. The resolution consistsin
finding an optimal speech codec on which TFO may be established. For that purpose, other elementsin the Radio
Acc&s Network (BSS in GSM or RNC in 3G) mlght be mvolved Iheeemmumeanenehannel—betweemheﬂanseeder
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4.4 Document Content

In the following, clause 5 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 6 introduces the elementary procedures used for the establishment and maintenance of Tandem Free Operation.
Clause 7 defines the detailed content of the TFO messages associated with the TFO procedures. The TFO Message
Structure follows the generic format defined in Annex A. Clause 8 defines how the TFO messages are mapped onto the
TFO Frames. Clause 9 defines the TFO State Machine. Clause 10 contains the detailed TFO protocol. Clause 11 and 12
specify the TFO Decision algorithm and 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.
Annex E contains a reference implementation for the TFO decision algorithm (C-code) described in clause 11 and 12.

Annex F is an informative I mplementer's Guide contai ning recommendations in the implementation and introduction of
AMR TFO.

Annex G provides basic Message Flow sequences for the TFO protocol.
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5.2.2.3

illustrated in Table 5.2.2.3-1 below, using the same notations asin 3GPP TS 48.060.

For AMR_WB_TFO_32k Frames the identical frame structure is used twice, once in the lower 16k main part (identical
tothe AMR_WB_TFO_16k) and in the upper 16k extension part (carrying some data bits, but no synchhronisation and
no control bits, see Table 5.2.2.3-2). The unspecified bitsin Table 5.2.2.3-2 shall not alter the bits of the PCM samples

on the 64 kbit/s A interface.
Table 5.2.2.3-3 defines the coding of the Control Bits for the Frame Type (== Codec Type) field (C1..C4) in

AMR_WB_TFO_16k and AMR_WB_TFO_32k frames. For the remaining control bits (C5...C25) the definitionis as

for AMR_TFO_16k framesfor FR_AMR.

Table 5.2.2.3-1: Structure of AMR_WB_TFO_16k Frames
and the lower 16k main part of AMR_WB_TFO_32k Frames

TFO Frame Format AMR_WB_TFO_16k and AMR_WB_TFO_32k

TFO Frames with format AMR_WB_TFO_16k and AMR_WB_TFO_32k are derived from the TRAU Frames for
Adaptive M ulti-Rate Wide Band as defined in the 3GPP TS 48.060. The AMR_WB_TFO_16k Frame structureis

Bit number

Octet no. 1 2 3 4 5 6 7 8
Oa 0 0 0 0 0 0 0 0
la 0 0 0 0 0 0 0 0
2a 1 C1l Cc2 C3 C4 C5 C6 Cc7
3a C8 C9 C10 C11 Ci12 C13 Cl14 Ci15
4a 1 Cl6 C17 Ci18 C19 Cc20 Cc21 Cc22
5a C23 C24 C25 D1 D2 D3 D4 D5
6a 1 D6 D7 D8 D9 D10 D11 D12
7a D13 D14 D15 D16 D17 D18 D19 D20

8a..36a

37a D238 D239 D240 D241 D242 D243 D244 D245
38a 1 D246 D247 D248 D249 D250 D251 D252
39a D253 D254 D255 D256 T1 T2 T3 T4

Table 5.2.2.3-2: Structure of the upper 16k extension part in AMR_WB_TFO_32k Frames

Bit number
Octet no. 1 2 3 4 5 6 7 8
Ob
1b
2b
3b
4b
5b D1 D2 D3 D4 D5
6b D6 D7 D8 D9 D10 D11 D12
7b D13 D14 D15 D16 D17 D18 D19 D20
8b..36b
37b D238 D239 D240 D241 D242 D243 D244 D245
38b 1 D246 D247 D248 D249 D250 D251 D252
39b D253 D254 D255 D256
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Table 5.2.2.3-3: Coding of the Frame Type for AMR_WB_TFO_16k Frames
and AMR_WB_TFO_32k Frames

Control Description Comment
Bits

Cl-Cc4 Frame_Type / Codec Type | The coding is different from the coding in TFO

(0.0.0.1) |(GSM_FR) Messages. It is also not identical to the coding on

(0.0.1.1) |(FR_AMR) Abis/Ater. The TRAU shall translate the coding between

(0.1.0.0) |(HR_AMR) TRAU and TFO Frames.

(0.1.0.1) |(UMTS_AMR)

(0.1.1.0) | (UMTS_AMR_2) Note: Codec Types in (brackets) are not supported by
1.0.0.1 FR_AMR-WB this TFO Frame format. They are listed to show their
1.0.1.0 UMTS_AMR-WB coding for convenience.

(1.0.1.1) |(OHR_AMR)
1.1.0.0 OFR_AMR-WB Note: By definition FR_AMR-WB and OHR_AMR-WB do
0.0.1.0 OHR_AMR-WB only use the AMR_WB_TFO_16k Frame, because they

(1.12.0.1) |(GSM_EFR) never use a Codec Mode higher than 12.65 kbit/s.

UMTS_AMR-WB and OFR_AMR-WB use the
AMR_WB_TFO_32k Frame when at least one Codec
Mode is above 12.65 kbit/s.

NOTE: Any spare control bits shall be coded asbinary "1". They are reserved for future use and may change.

The CRC covering aso the control bits C1..C25 shall be recomputed in the transcoder, because some control bits
change between TRAU Frames and TFO Frames, e.g. the coding of the Frame Type.

The coding of the Data Bitsis described in 3GPP TS 48.060. In AMR_WB_TFO_32k Frames the data bits in the upper
16k extension part shall be set as defined in TS 48.060. But in al unused bit positions of this upper extension part the
bits of the PCM samples shall not be altered in order to minimise the audible effect.

In 3G systems, the Frame_Classification Bits must be derived from the Frame Quality Indicator (FQI) and Frame Type
Index as defined in the 3GPP TS 26.201. The conversion rules are the same as for the FR_AMR.

NOTE 1: A one-to-one relationship between Generic WB AMR Frames and TFO Frames does not always exist, but
the conversion is always possible.

NOTE 2: In the generic WB AMR Frames (3GPP TS 26.101201), the differentiation between SID_FIRST and
SID_UPDATE is done in the Data bits (SID Type Indicator). The Codec Mode Indication (CMI) is
carried in 3G systems within the SID payload.

3G systems using the UMTS_AMR-WB Codec Type, the TC shall monitor the changes of the uplink Codec Mode, as
received in the lu Frames. Every time the Codec Mode changes in the lu Frames the TC shall set RIF = "0" in the
corresponding TFO Frame. The next TFO Frames are alternatively marked with RIF ="1", "0", "1" and so on.

NOTE 3: Per definition for UMTS_AMR-WB the UE selects the phase of potential Codec Mode changes in uplink
once at call set-up and does not alter this later on. At call set-up TFO is not active and the TC has enough
time to find the phase of the RIF by the proposed implicit method, before the first TFO Frame has to be
sent.

The Synchronisation Pattern is similar to the Synchronisation Pattern in 3GPP TS 48.060, with some exceptions
related to the value of the EMBED Bit:

EMBED equal "0": the Synchronisation Pattern is exactly as described in the 3GPP TS 48.060;
EMBED equa "1": the Synchronisation Pattern contains an embedded TFO Message.

For the coding of the Data Bits see 3GPP TS 48.060.
For the coding of the Time Alignment Bits (T_Bits, T1 .. T4) see 3GPP TS 48.060. When the TFO Frame is generated
by a GSM Network, the T_Bits normally correspond to the T_Bits received in the up-link TRAU Frame.

523 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 each (1..8:
one octet) asin 3GPP TS 48.060.
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The bits of 16 kbit/s TFO Framesaretransmitted in the following order:
Bit m of octet n, shall be transmitted in the L east Significant Bit of the
PCM samplek = n*4 + (m+1)/2 form=(1, 3,5, 7) and n=(0..39).
Bit m of octet n shall be transmitted in the second L east Significant Bit of the
PCM samplek=n*4+ m/2 for m=(2, 4, 6, 8) and n=(0..39).
PCM sample (k=1) isthe first PCM sample of the TFO Frame, which follows the received uplink TRAU frame with a
small delay (Tultfo), as described in clause 8, see figure 8.1.2-1.

5.2.3a Transmission of the bits of 32 kbit/s TFO Frames

For the purpose of this description the 640 bits of one TFO Frame are arranged in 2 x 40 rows (0a..39a, Ob...39b), with
8 bit each (1..8: one octet) asin 3GPP TS 48.060, see also Table 5.2.2.3-1and Table 5.2.2.3-2.

The bitsof 32 kbit/s TFO Framesaretransmitted in the following order:
Bit m of octet n, shall be transmitted in the L east Significant Bit of the

PCM samplek = n*4 + (m+1)/2 form=(1, 3,5, 7) and n = (0a...393).
Bit m of octet n shall be transmitted in the second L east Significant Bit of the

PCM samplek =n*4+ m/2 for m= (2, 4, 6, 8) and n = (0a..393).
Bit m of octet n, shall be transmitted in the third Least Significant Bit of the

PCM samplek = n*4 + (m+1)/2 form=(1, 3,5, 7) and n = (0b...39b).
Bit m of octet n shall be transmitted in the fourth L east Significant Bit of the

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

PCM sample (k=1) isthe first PCM sample of the TFO Frame, which follows the received uplink TRAU frame with a
small delay (Tultfo), as described in clause 8, see figure 8.1.2-1.

It isimportant that the lower main 16k part and the upper 16k extension part are exactly synchronised as described
above, see also clause 8.

524 Transmission of the bits of AMR_TFO_8+8k Frames

For the purpose of this description the 160+160 bits of one AMR_TFO_8+8k frame are arranged in 20 rows (1..20),
with 8 bit each (1..8: one octet) as shown in Figures 5.2.2.2-1 t0 5.2.2.2-4.

The bits of AMR_TFO_8+8k frames are transmitted in the following order:

Bit m of octet n of the additional synchronisation pattern described in Figure 5.2.2.2-4 shall be transmitted in the
L east Significant Bit of the

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

Bit m of octet n of the No_Speech and Speech frames as described in Figures 5.2.2.2-1 t0 5.2.2.2-3 shall be
transmitted in the Second L east Significant Bit of the

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

PCM sample (k=1) isthe first PCM sample of the TFO Frame, which follows the received uplink TRAU frame with a
small delay (Tultfo), as described in clause 8, see figure 8.1.2-1.
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7.11.3.1.3

AMR specific Codec_Attribute_Head Extension_Block

The AMR specific Codec_Attribute Head Extension_Block (Table 7.11.3.1.3-1) shall precede the Codec Attribute
Extension_Blocks of any AMR Codec_Type.

Table 7.11.3.1.3-1: AMR specific Codec_Attribute_Head Extension_Block

Bit Description Comment
Bit 1 "0" normal 1IS-Message Sync Bit, constant.
Bit 2 PAR_Sel Differentiates this Extension_Block
0: Parameters included in PAR field: Simple Codec_List_Extension
1: Length Indicator (LI) included: Parameters follow in subsequent
Extension_Blocks
Bit 3..10 ColD = This field identifies the AMR Codec_Type for which the subsequent attributes are
HR_AMR or valid. The same coding as in the Codec_x Extension_Block is used (long form)
FR_AMR or
UMTS_AMR or
UMTS_AMR2 or
OHR_AMR
Bit 11 "0" normal IS-Message Sync Bit, constant
Bit 12.. 15: [LI/PAR If Par_Sel==1: LI: Length Indicator:
0000: reserved;
0001: one other Extension_Block follows, etc.
If Par_Sel==0: PAR: Codec specific definition of these four bits
Bit 16..18: |CRC 3 CRC bits protecting Bits 2 to 10 and 12 to 15
Bit 19..20: |EX The normal 2 bits for IS_Message Extension:
00: No other extension block follows
11: An other extension block follows

If PAR_Sel isset to "1" then the AMR_ACS and potentially AMR_SCS ig/are following.
The option " Par_Sel=0" and the corresponding configuration codes can only be used in TFO Version 5 and onwards. A
Pre-REL -5 implementation does not understand it and shall ignoreit.

If PAR_Sel issetto "0", then one of 15 possible AMR Configurationsisindicated in the
PAR field and no additional Codec Attribute Extension Blocks do follow.
The coding for PAR (bits 12.13.14.15) is defined in Table 7.11.3.1.3-2 (Config-NB-Code):

Table 7.11.3.1.3-2: Preferred Configurations for the Adaptive Multi-Rate Codec Types

Configuration —
(Config-NB-Code) (O |2 |2 |3 |4 |5 |6 |7 |8 |9 |10 |11 |12 |13 |14 |15

| Codec Mode
12,20 1 1 [1
10,20 1 1 |1
7-95 1 1 [1
7.,40 1 1 |1
6.,70 1 1 (1 |1 |1 |2
5,90 1 1 /1 (1 |1 |1 |1 |1 |1
5.15
4.,75 1 1 /1 (1 |1 |1 |1 |1 |1
OM F F [F [F |[F [F |F [F |[F |F |A |F [A |F |A
HR_AMR Y Y [y [y [y Y [y |v
FR_AMR, OHR_AMR,
UMTS AMR, Y Y Y Y |Y Y |[Y [Y |Y |Y Y |Y |Y |Y |Y
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UMTS AMR_2

The“1” in the table indicates that the Codec Mode isincluded in the Active Codec Set of the Configuration.

The parameter “OM” (Optimisation Mode) defines whether the indicated Configuration can be changed to any of the
other Allowed ones (OM == A) or if the change is Forbidden (OM == F). For the three “A” configurations (11, 13 and
15) the TFO Decision algorithm shall consider the SCS{1, 1, 1,1, 1,1, 0, 1}, i.e. all AMR modes except the 5.15 kbps
shall be treated as supported and the OM shall be assumed to be “ Optimisation of the ACS supported”. For the other
“F’ configurations the ACS and SCS shall be assumed to be identical and as shown in the configuration table. The OM
shall be assumed to be “Optimisation of the ACS not supported”.

A change via Maximum Rate Control is aways possible (e.g. from configurations 10, 11, 12, 13, 14, 15to 9 and 8).

The“Y” in the table indicates, which Configuration is defined for which Codec Type.
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7.11.3 Codec_Type Attributes

The Codec_Types GSM Full Rate, GSM Half Rate and GSM Enhanced Full Rate do not need additional attributes.
They are fully defined by the System_Identification (see Annex A.5) and the Codec_Type.

7.11.3.1 AMR Codec_Type Attributes

The Adaptive Multi-Rate Codec_Types (FR_AMR, HR_AMR, UMTS AMR, UMTS_ AMR_2, OHR_AMR) and the
Adaptive Multi-Rate Wideband Codec_Types (FR_AMR-WBard UMTS AMR-WB, OFR_AMR-WB, OHR AMR-
WB) need severa attributes within the TFO_REQ and TFO_ACK aswell asinthe TFO_REQ L and TFO_ACK _L
Messages. For Con_Req and Con_Ack frames see Annex C.

There are two magjor kinds of attributes: the ACS (Active Codec Set) and potentially the SCS (Supported Codec Set).
These attributes are signalled differently for the AMR Codec Types and AMR-WB Codec Types, resultingina
different construction of TFO messages.

The ACSisrelated tothe Local_Used Codec_Type and is part of the Used_Codec_Attributes. One and exactly one
ACS_Extension Block shaII be sent in al cases where the Local_Used Codec Type isan AMR

Codec Type , : VHR-V Hthi
AGS—Betengen—Blreek In aII caseswherethe Local Used Codec Tvpelsan AMR WB Codec Tvpe the ACS is
signalled within the AMR-WB specific Attribute Head Extension_Block. In the former case, theFhis
ACS_Extension_Block carries some more parameters, as defined in the next clause, the most important oneis the
"Full_Sub" flag, indicating whether or not the full set or a sub-set of the AMR codec modestAMR-\A/B} is supported. In
TFO_REQ and TFO_ACK Messages the ACS shall follow immediately after the SIG_LUC_Extension_Block. In
TFO_REQ L and TFO_ACK_L Messages an Attribute Head Extension Block shall follow after the
Loca_Codec_List, indicating the Codec_Type it specifies,; In the case of an AMR Codec Type feHeowed-by the
corresponding ACS_Extension_Block_is following next. In the case of an AMR-WB Codec Type no

ACS Extension Block isfollowing since the ACSis already defined within the Attribute Head.

The SCSshall besentin TFO_REQ or TFO_ACK only if the ACS_Extension_Block indicates that the sending side
does not support the full set of AMR codec modes, but a subset (Full_Sub flag). In this case the SCS_Extension_Block
shall follow immediately after the ACS_Extension_Block.

NOTE 1: Hence, the TFO_Protocol can decide immediately after the reception of TFO_REQ or TFO_ACK
whether TFO is possible or not, and can report the distant TFO parameters to the Control Entity in the
Network.

One and only one ACS_Extension_Block isincluded in TFO_REQ L and TFO ACK_L, if the
Local_Used Codec Typeisan AMR Codec Type. ‘
WB-er UMFS-AMR-WB. In addition, one SCS | Extenaon Block is needed for each AM R Codec Typeflagged in the
Local_Codec_List. In that case an Attribute_Head Extension_Block shall follow after the Local_Codec_List, indicating
the Codec_Type it specifies, followed by the corresponding SCS_Extension_Block. If multiple AMR_Codec_Types are
flagged, then multiple Attribute Heads and SCS_Extension_Blocks may be needed. If the full set of AMR Codec
Modes is supported, then neither the Attribute Head nor the SCS_Extension_Block shall be sent for the alternative
Codec_Type(s). For each AMR-WB Codec Type flaged in the Local_Codec_List, one Attribute Head

Extension Block shall follow after the Local Codec List. Since the AMR-WB specific Attribute Head fully defines
the SCS no further SCS Extension_Block is following.

The following figures give the examples for the full-set AMR TFO Messages. Note that an additional TFO_Version
Extension Block shall follow if the TFO version is equal or greater than 5.

Header || REQ|| SYS ID SIG,LUCyS

«+—20bits —» «10bit>> «—20bits —» «—20bits —» «—20bits —»

+—A40ms—> +20ms> «+—40ms—»> +—40ms—>»> +—40ms—>

Figure 7.11.3.1-1:  Construction of the shortest possible TFO_REQ
Message for any AMR Codec Type

TFO_ACK follows the same construction. Both have alength of 180ms.
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Header || REQ| SYS.ID SIG,LUC, L||Codec List || Atrib_Head || A5C%

<«+—20bits —» «10bit>> «—20bits —» «—20bits —» +«—20bits —» «—20bits —» «—20bits —»

<+——40ms—» +20ms> «—40ms—> «—40ms—> +«—40ms—» «—40ms—» +«—40ms—>

Figure 7.11.3.1-2: Construction of the shortest possible TFO_REQ L
Message listing an AMR Codec_Type in the Codec_List

TFO_ACK_L follows the same construction. Both have a length of 260ms.

NOTE 2: INnTFO_REQ L (TFO_ACK L) at least one Attribute Head is needed, if the Local_Used_Codec_Typeis
an AMR Codec_TypeerAMR-WB, because otherwise a TFO partner that does not know the
Local_Used Codec_Type cannot know how many attributes are needed — if any. Since these longer
messages are used only when mismatch isidentified or in other situations, where protocol speed is not
important, this additional 40ms message length is not important.

For example, assume that the Local Used Codec Typeis FR_AMR and the supported codecs which are flagged in the
Codec Listare FR_ AMR, HR AMR, and FR_ AMR-WB. Then, if neither FR_ AMR nor HR_AMR support the full set
of AMR modes, the following six Extension_Blocks follow the Codec List: Atrib Head(FR_ AMR) — ACS(FR_AMR)
—SCS(FR_AMR) — Atrib Head(HR_AMR) — SCS(HR _AMR) —Atrib Head(FR_ AMR-WB).
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