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Introduction

This contribution introduces the text describing the AMR-WB TFO decision rules into 28.062. Base for the change marks was version 4.2.0 .

Text marked in yellow needs attention or discussion, e.g. because it is based on contributions presented to this meeting.

11
TFO Decision Algorithm

The TFO decision algorithm defines the processes invoked in both transcoders in order to examine the possibility for TFO establishment. Codec Types are in general only compatible to itself. For the AMR Codec Type family the following tables 11-1 illustrate the compatible combinations  (Table 11-1 for AMR-NB codec types, table 11-2 for AMR-WB codec types):

	Table 11-1: Compatibility of AMR Codec Types

distant →

↓ local
	UMTS_AMR_2
	UMTS_AMR
	FR_AMR
	HR_AMR

	UMTS_AMR_2
	compatible
	compatible
	compatible
	compatible

	UMTS_AMR
	compatible
	compatible
	-
	-

	FR_AMR
	compatible
	-
	compatible
	compatible

	HR_AMR
	compatible
	-
	compatible
	compatible


The UMTS_AMR_2 is the preferred Codec Type for 3G systems.

Table 11-2 Compatibility of AMR-WB Codec Types

	          distant →
↓ local
	FR_AMR-WB
	UMTS_AMR-WB
	OFR_AMR-WB
	OHR_AMR-WB

	FR_AMR-WB
	compatible
	compatible
	compatible
	compatible

	UMTS_AMR-WB
	compatible
	compatible
	compatible
	compatible

	OFR_AMR-WB
	compatible
	compatible
	compatible
	compatible

	OHR_AMR-WB
	compatible
	compatible
	compatible
	compatible


11.1
Main TFO Decision Procedure

The main TFO decision procedure is depicted in figure 11.1-1.
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Figure 11.1-1: Main TFO Decision Algorithm

11.2
TFO Decision Algorithm for AMR codec types

The TFO Decision Algorithm for AMR codec types defines the processes that are invoked in order to examine the possibility for a TFO establishment if both radio legs use compatible AMR codec types.

11.2.1
Principles

In order to yield high speech quality the following items are underlying principles of the TFO decision algorithm for AMR codec types:

· Avoid immediate TFO establishment with a following codec optimisation that has to interrupt the TFO connection.

· Go into immediate TFO if this is possible with a good configuration, otherwise do codec optimisation.

· Only do codec mode optimisation if the ongoing TFO connection is established on a contiguous subset of the ACS and if this ongoing TFO connection need not be interrupted.

11.2.2
Available Information at Call Set-up

After the exchange of TFO_REQ and TFO_ACK messages the following information is available at the transcoders on both sides:

· Local / distant codec type (FR_AMR, HR_AMR, UMTS_AMR, UMTS_AMR_2, FR_AMR-WB, UMTS_AMR-WB, OHR_AMR-WB, OFR_AMR-WB)

· Local / distant supported codec set (LSCS / DSCS)

· Local / distant ACS (LACS / DACS)

· Local / distant MACS

· Local / distant ACS optimisation mode (OM)

· Local / distant version number (Ver)

With this information the following can be calculated:

· Common ACS (CACS)

· Common supported codec set (CSCS)

· Common MACS (CMACS)

· Optimised ACS (OACS)

The codec lists are not available.

The version number is not regarded.
If the AMR-WB is not currently used, but supported, then after exchange of TFO_REQ_L and TFO_ACK_L messages (or Con_Req and Con_Ack frames) the following information is available:

· Local / distant supported AMR-WB codec type(s)
· Local / distant supported codec set (LSCS / DSCS)

· Local / distant intended ACS (LACS / DACS)

· Local / distant MACS

· Local / distant ACS optimisation mode (OM)

· Local / distant version number (Ver)

With this information the following can be calculated:

· Common intended ACS (CACS)

· Common supported codec set (CSCS)

· Common MACS (CMACS)

· Optimised ACS (OACS)

The version number is not regarded.

11.2.3
Mandatory Minimum set of Modes (MiMaMo) for AMR-WB TFO

If for one side of a possible TFO connection an AMR-WB codec type offers a Supported Codec Set which is no superset or is not equal to the Mandatory Minimum set of Modes, then no AMR-WB TFO shall be done involving this AMR-WB codec type on that side.
The MaMiMo for AMR-WB TFO comprises the AMR-WB modes 8,85 and 12,65 (kbit/s).
11.2.4
Flowchart for AMR TFO Establishment at Call Set-up
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Figure 11.2.3-1: Flowchart for AMR TFO Establishment at Call Set-Up

Remark: For AMR-WB the entry point needs not be an AMR-WB codec type in use; it is sufficient that both sides support compatible AMR-WB codec types.
11.2.5
Annotations to the Flowchart

· LACS == DACS:
Establish immediate TFO if the local and distant ACS are identical.
Example: Enable immediate TFO establishment within one operator's homogenous network. The operator's choice is always acceptable and needs no optimisation.

· FR – HR Matching
The rules for FR – HR – Matching are stated in clause 12.6.
Goal: Enable immediate TFO between 3G channels and 2G FR and 2G HR channels.

· FR – HR – Optimisation
The rules for FR – HR – Optimisation are stated in clause 11.4.

· Calculate OACS and IACS:
The calculation of the OACS is described in clause 12.
The Immediate ACS (IACS) is given by the common ACS (CACS) if it is contiguous.

· OACS acceptable:
The acceptability rules for the OACS are stated in clause 12.5.

· IACS == OACS
If the immediate ACS is already optimal, establish immediate TFO.

· IACS subset of OACS:
Immediate TFO is established on a contiguous subset of the OACS. Afterwards, a codec mode optimisation is performed without interrupting the TFO connection.

· Change ACS to OACS
If immediate TFO cannot be established, both sides must change their ACS to the OACS in order to enable TFO. If one side doesn't support an ACS change (ACS Optimisation Mode), the OACS determination rules ensure that the OACS is a contiguous subset of the fix ACS. So a TFO connection can be established without the need for an ACS change on that side.

· Codec Mismatch Resolution
A TFO connection with actual used AMR codec types will not be possible, but the remaining codec types have to be investigated.

11.3
Immediate TFO Establishment

Immediate TFO establishment shall take place if

· both radio legs use the same codec type that is different from an AMR codec type; or

· the local ACS is equal to the distant ACS in the case of two compatible AMR codec types; or

· the CACS is equal to the OACS and the CACS fulfils the contiguity rule in the case of two compatible AMR codec types; or

· the rules for FR – HR – matching are fulfilled in the case of two compatible AMR-NB codec types; or

· the CACS is a contiguous subset of the OACS in the case of two compatible AMR codec types and Codec Mode Optimisation is supported and will be done after immediate TFO establishment.

If both radio legs use the same codec type that is different from an AMR codec type, immediate TFO shall be established on this common codec type. If both radio legs use compatible AMR codec types and immediate TFO can be established, each side keeps its own AMR codec type (e. g. FR_AMR, HR_AMR, UMTS_AMR, UMTS_AMR_2) and Active Codec Set (ACS).
If immediate TFO is possible on a currently used codec type, but also on  supported AMR-WB codec type, then TFO must not be started on the used codec type, but only after switching to AMR-WB. 
11.4
FR – HR – Optimisation (only for AMR-NB)
FR – HR – Optimisation takes place after immediate TFO establishment in the case of FR – HR – Matching. The FR_AMR-side adopts the ACS of the HR_AMR-side, if this ACS is supported and the optimisation mode allows an ACS change.

This ACS change can be done without interrupting the TFO connection that is established on a contiguous subset.

11.5
Codec Mode Optimisation

After an immediate TFO establishment with compatible AMR codec types, a codec mode optimisation shall be invoked if the optimisation can be done without interrupting the TFO connection, i.e. without degradation of speech quality. Codec Mode Optimisation takes place in the following situations:

· After immediate TFO establishment on a CACS that is a contiguous subset of the OACS.

11.6
Codec Type Optimisation and Codec Mismatch Resolution

The objective of the Codec Mismatch Resolution and the Codec Type Optimisation is to find the optimised TFO codec type and configuration for a TFO connection. Codec Mismatch Resolution is invoked if a TFO establishment is not possible on the actually used codec types. Codec Type Optimisation may happen while a TFO connection is ongoing and the capabilities of one radio leg have changed (e. g. after a hand-over, other reasons).

Codec Mismatch Resolution and Codec Type Optimisation are optional features. If one radio leg doesn't support these features, the codec list sent in the TFO_REQ_L and TFO_ACK_L messages (or Con_Req and Con_Ack frames) shall be restricted to the local used codec. If supported, the Codec Type Mismatch Resolution or the Codec Type Optimisation shall be performed every time a new codec list is sent or received by TFO_REQ_L or TFO_ACK_L (or Con_Req and Con_Ack frames) messages.

The determination of the local codec list (list of all codec types supported by the local radio leg, consisting of the local UE and the local RAN) is outside the scope of the present document. Similarly, the determination of the attributes of all locally supported codec types (e.g. LSCS for AMR codec types) is also outside the scope of the present document. Only codec types that are real alternatives, considering all resources (UE, RAN, TC, radio interface, cell capacity, interference), shall be reported within the local codec list. Only codec type Attributes that can be considered shall be indicated with the codec list as well. This means that if a TFO configuration is not desirable, it should not be listed in the TFO_REQ_L or TFO_ACK_L messages (or Con_Req and Con_Ack frames).

11.6.1
Procedure

1. The transcoders shall exchange their lists of supported codec types (codec list) and their associated attributes. This is done either by the exchange of TFO_REQ_L and/or TFO_ACK_L messages or Con_Req and Con_Ack frames.

2. Each side shall identify all candidate TFO configurations involving compatible codec types supported by both radio legs.

3. Each side shall calculate the OACS in the case of an AMR TFO candidate. If the OACS is not acceptable, this candidate shall be removed from the list of candidate TFO configurations.

4. The candidate TFO configuration with the highest preference level shall define the optimised codec type and the optimised codec configuration.

5. Each side shall switch its operation to the optimised codec type and the optimised codec configuration. If no acceptable TFO candidate was found, TFO is not possible.

11.6.2
Preference List of TFO candidates

The preference list of TFO candidates orders all possible TFO configurations according to the speech quality they provide.

Table 11.6.2-1: Codec Type Preference List

	
	

	
	
	
	

	
	

	

	


	
	
	
	

	
	

	

	


	
	
	
	

	
	
	
	

	
	

	

	


	
	

	

	


	
	
	
	

	
	
	
	

	
	
	
	


	Preference
	TFO candidate

	#1a
	OFR_AMR-WB
	(
	OFR_AMR-WB

	#1b
	OFR_AMR-WB

UMTS_AMR-WB
	(
(
	UMTS_AMR-WB 

OFR_AMR-WB

	#1c
	OFR_AMR-WB

FR_AMR-WB
	(
(
	FR_AMR-WB 

OFR_AMR-WB

	#1d
	UMTS_AMR-WB
	(
	UMTS_AMR-WB

	#1e
	UMTS_AMR-WB

FR_AMR-WB
	(
(
	FR_AMR-WB

UMTS_AMR-WB

	#1f
	FR_AMR-WB
	(
	FR_AMR-WB

	#2
	OHR_AMR-WB

OFR_AMR-WB
	(
(
	OFR_AMR-WB

OHR_AMR-WB

	#3
	OHR_AMR-WB

UMTS_AMR-WB
	(
(
	UMTS_AMR-WB

OHR_AMR-WB

	#4
	OHR_AMR-WB

FR_AMR-WB
	(
(
	FR_AMR-WB

OHR_AMR-WB

	#5
	OHR_AMR-WB
	(
	OHR_AMR-WB

	#6
	UMTS_AMR_2
	(
	UMTS_AMR_2

	#7
	UMTS_AMR_2

FR_AMR
	(
(
	FR_AMR

UMTS_AMR_2

	#8
	FR_AMR
	(
	FR_AMR

	#9
	UMTS_AMR_2

UMTS_AMR
	(
(
	UMTS_AMR

UMTS_AMR_2

	#10
	UMTS_AMR
	(
	UMTS_AMR

	#11
	GSM_EFR
	(
	GSM_EFR

	#12
	UMTS_AMR_2

HR_AMR
	(
(
	HR_AMR

UMTS_AMR_2

	#13
	FR_AMR

HR_AMR
	(
(
	HR_AMR

FR_AMR

	#14
	HR_AMR
	(
	HR_AMR

	#15
	GSM_FR
	(
	GSM_FR

	#16
	GSM_HR
	(
	GSM_HR


Editor’s Note: OHR_AMR is missing!!
The codec type 0FR_AMR-WB is the most preferred AMR codec type, because it possibly provides the highest mode of AMR-WB with the highest speech quality and it can accept a new CMI in every speech frame thus providing a lower average delay. Additionally it is compatible with the AMR-WB codec types with fewer modes like FR_AMR-WB.

The codec type FR_AMR-WB is preferred to the AMR-NB codec types, because it still provides significantly better speech quality.

The two equivalent combinations FR_AMR-WB ( UMTS_AMR-WB and UMTS_AMR-WB ( FR_AMR-WB should not exist in parallel, because these two AMR-WB codec types are not offered by one side simultaneously.
The speech quality of some AMR-WB codec type combinations involving FR_AMR-WB, UMTS_AMR-WB and OHR_AMR-WB are very similar. Therefore within their category (list entries 1a to 1f) the OACSs of the possible combinations are evaluated. For details on this evaluation see clause 12.3.2.2 .
The codec type UMTS_AMR_2 is the most preferred AMR-NB codec type, because it is compatible with all other AMR codec types. Note: Whenever UMTS_AMR_2 is available, then the UMTS_AMR and FR_AMR shall not be included in the Codec_List, see Annex F (Operator´s Guide).

The codec type FR_AMR is preferred to UMTS_AMR because UMTS_AMR is not compatible with FR_AMR and HR_AMR.

If the two equivalent AMR-NB combinations FR_AMR ( HR_AMR and HR_AMR ( FR_AMR or UMTS_AMR_2 ( HR_AMR and HR_AMR ( UMTS_AMR_2 exist in parallel, then they shall be ranked according to the following rules:

1. The combination with the highest number of modes shall be selected.

2. If they have the same number of modes, then the combination with the widest spread shall be selected. The spread is the difference between the highest and the lowest mode indexes.

3. If the spreads are identical, then the combination with the highest mode in the OACS shall be selected.

4. If the highest modes are identical, repeat 3 with the second highest mode. If the second highest are identical, then repeat 3 with the third highest, etc.

12
Determination of the OACS

In case of inconsistencies between the TFO decision C-Code in Annex E and this clause the C-Code shall take precedence.

12.1
Principles

The determination of the OACS shall be done considering the available information (see 11.2.2).

The common MACS is defined as the minimum value of the local and distant MACS.

The determination of the OACS shall depend on the local and distant optimisation mode (LOM / DOM).

12.2
Algorithm for OACS Determination

12.2.1
Case 1: No side supports ACS change

If neither the local side nor the distant side supports an ACS change, the OACS is equal to the CACS if it fulfils the contiguity rule. Otherwise, the rules for contiguous subset selection are applied to the CACS in order to obtain the OACS.
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Figure 12.2.1-1: OACS Determination when No side supports ACS Change

12.2.2
Case 2: Only one side supports ACS change

If only one side supports an ACS change, the CSCS is built with the common modes of the SCS of the flexible side and the unchangeable ACS.

If the CSCS doesn't fulfil the contiguity rule or the common MACS is lower than the number of modes in the CSCS, the OACS is obtained by applying the rules for contiguous subset selection. Otherwise, the OACS is equal to the CSCS.
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Figure 12.2.2-1: OACS Determination when only one side supports ACS Change

12.2.3
Case 3: Both sides support ACS change

If both sides support ACS change, the CSCS is built with the common modes of both SCS.

The Optimised Active Codec Set (OACS) is equal to the Common Supported Codec Set (CSCS) if the number of modes in the CSCS is equal or lower than the common MACS.

If the number of modes in the CSCS is higher than the common MACS, the OACS shall be defined as a subset of the CSCS using the OACS selection rules.

If the CSCS is not empty, then a Optimised Active Codec Set (OACS) exists. 

The existence of an OACS doesn't mean the OACS is acceptable. To check this, the acceptability rules for the OACS have to be applied.
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Figure 12.2.3-1: OACS Determination when both sides support ACS Change

12.3
OACS Selection Rules

If both radio legs support ACS change and if the number of modes contained in the CSCS is greater than the common MACS, the OACS is determined by the following rules. These rules are skipped as soon as an OACS containing CMACS modes is found. 

The reference C-Code also implements the OACS rules (see Annex E). In case of inconsistencies between this clause and the C-code, the C-code takes precedence.

12.3.1
OACS selection for AMR-NB

12.3.1.1 Case 1: No Half Rate Channel is involved

Case MACS == 1

1. Select mode according to preference list {6,7, 7,4, 5,9, 5,15, 4,75, 7,95, 10,2, 12,2}. 

Case MACS == 2

1. If mode 10,2 is supported, do not include mode 12,2.

2. Select highest mode.

3. If mode 12,2 or mode 10,2 is selected, select mode according to preference list {6,7, 7,4, 5,9, 5,15, 4,75, 7,95, 10,2, 12,2}.

4. Select lowest mode.

Case MACS > 2

1. If mode 10,2 is supported, do not include mode 12,2.

2. If mode 4,75 is supported, do not include mode 5,15.

3. If mode 5,15 is supported, do not include mode 5,9.

4. If mode 5,9 is supported and mode 4,75 is not supported, do not include mode 6,7.

5. If mode (12,2 or 10,2) and 7,4 is supported, do not include mode 7,95.

6. If mode 7,95 is supported, do not include 7,4.

7. Select lowest mode.

8. Select highest mode.

9. Select mode 6,7.

10. Select mode 5,9.

12.3.1.2 Case 2: A Half Rate Channel is involved

Case MACS == 1

1. Select mode according to preference list {5,9, 5,15, 4,75, 6,7, 7,4, 7,95}. 

Case MACS == 2

1. Select highest mode.

2. Select lowest mode.

Case MACS > 2

The same rules apply as in clause 12.3.1 for the case MACS>2.

12.3.2
OACS for AMR-WB
12.3.2.1  Selection of AMR-WB OACS
For each AMR-WB mode a weight factor is defined. For the modes one side is offering in its ACS the weight factors are summed. The total sums of both sides are compared and the “right” for the selection of the first mode for the Common ACS (CACS) is assigned to the side with the bigger sum. Further selection rights are exerted until the maximum number (CMACS) of modes in the CACS is reached or all modes of the Common Supported Codec Set (CSCS) were selected.

The selection order for the second, third etc. mode of the CACS is determined by a calculation where the total sums are divided by 1, 3, 5, 7… and the results are ranked in order of their size. This order determines the sequence of rights to select the next and following mode/s.

Of course the selection must take place out of the CSCS. 
12.3.2.1.1
Both sides offer AMR-WB ACS information
The selecting size chooses the mode with the highest weight factor out of intersection of the SCSC and its own ACS (if that mode is not already part of the CACS).
The following rules apply:
· If both sides have the equal sum of weights, then the side that offered the highest-ranking mode has the first choice. If both sides took the same highest-ranking mode, then the side with the second highest-ranking mode will win and so on. For the second, third … selection right the same principle applies analoguously, if division results are identical.

· If no mode of the intersection of its ACS and the CSCS is available anymore, the side with the selection right selects the mode with the highest weight factor out of the intersection of CSCS and the ACS of the other side. If also such a mode is not available, then the not yet selected mode out of the CSCS with the highest weight factor is selected.
Remark: 
For these rules the relevant weights for the modes have to be selected as described in 13.3.2.2.

12.3.2.1.2
Only one sides offers AMR-WB ACS information

This ACS or a contiguous subset (if ACS is no subset of CSCS) of it shall be chosen, if a Handover can be avoided this way. Otherwise the selection is performed as described above, with all selection rights going to the side where the ACS information is present.
12.3.2.1.3
No sides offers AMR-WB ACS information

· If no information about any of the ACSs of both sides is available, then the highest ranking modes out of the CSCS are selected. [This automatically leads to the Default ACS or a subset of it].

12.3.2.2  Weight of AMR-WB modes

The weights of the modes are as follows:

12.3.2.2.1
Weight of AMR-WB modes involving OHR_AMR-WB
For AMR-WB codec combinations involving OHR_AMR-WB the following weights apply:

[Insert result of discussion in TFO&SQ joint session]
12.3.2.2.2
Weight of AMR-WB modes involving FR_AMR-WB

For AMR-WB codec combinations involving FR_AMR-WB, but not OHR_AMR-WB the following weights apply:

[Insert result of discussion in TFO&SQ joint session]
12.3.2.2.3
Weight of AMR-WB modes, other cases
For all other AMR-WB codec combinations the following weights apply:

[Insert result of discussion in TFO&SQ joint session]
12.3.2.3  Evaluation of AMR-WB OACS

If AMR-WB codec type combinations with equivalent speech quality are possible, the OACS of these combinations must be evaluated (see clause 11.6.2.). The combination with the highest evaluation is chosen for TFO.

The evaluation is done as follows:

· Step 1: The ratio      
(sum of weights of modes in the OACS ) / 
(sum of weights of modes in the Default ACS with the same number of modes as the OACS) 
[higher value => higher preference]
If Step1 leads to the same values, then by

· Step 2: The ratio 
(sum of weights of intersections of Local ACS with OCAS and Distant ACS with OACS ) / 
(sum of weights of modes in the Default ACS with the same number of modes as the OACS)
[higher value => higher preference]
If Step2 leads to the same values, then by

· Step 3: The ratio 
maximum value of a mode present in the OACS / 
maximum value of a mode in the Default ACS with the same number of modes as the OACS
[higher value => higher preference]
If Step3 leads to the same values, then by

· Step 4: The order of preference as in Codec Type Preference List (Talbe 11.6.2-1) 


12.4
Rules for Contiguous Subset Selection

The rules for contiguous subset selection are necessary if one or both radio legs don't support ACS change. If TFO should be established in these cases, the resulting OACS must fulfil the contiguity rule considering the fixed ACS.

If the CSCS doesn't fulfil the contiguity rule, a contiguous subset with a maximum number of modes shall be selected as the new CSCS. This subset must contain the lowest mode of the fixed ACS, otherwise there is no OACS.

If the common MACS is lower than the number of modes in the CSCS, the highest modes shall be removed from the CSCS until the number of modes in the CSCS is equal to the common MACS. This new codec set defines the OACS.

12.5
Acceptability Rule for the OACS

12.5.1 Acceptability Rule for AMR-NB OACS

An optimised ACS (OACS) is acceptable for AMR-NB TFO if

1. the Highest-Mode-Rule is fulfilled and

2. the Lowest-Mode-Rule is fulfilled.

High Mode Rule (don't give up tandem with high quality modes)
The highest mode in the OACS is not lower than one mode below the minimum of the highest modes of both ACS.

Low Mode Rule (tandem AMR with robust low modes performs better)
Either the lowest mode of the OACS is not higher than a specific maximum mode or both ACS don't contain lower modes than the lowest mode in the OACS. The specific maximum mode is 5,9 for TFO connections involving a half rate channel and 7,4 otherwise.

12.5.1 Acceptability Rule for AMR-WB OACS

An optimised ACS (OACS) is NOT acceptable for AMR-WB TFO if

1.
only mode 6,60 is present
2.
only modes 15,85 or higher are present, if FR_AMR-WB is involved.
3.
[How about 8PSK HR??]
12.6
FR – HR – Matching

A common ACS (CACS) is acceptable for immediate TFO establishment without consideration of the OACS if all of the following conditions are fulfilled:

· the one radio leg uses FR_AMR or UMTS_AMR_2, the other uses HR_AMR [for AMR-NB TFO];

· the CACS is contiguous;

· the CACS fulfils the acceptability rule.

12.7
Contiguity Rule

The Contiguity Rule states that the codec modes of the CACS must be contiguous modes in the local ACS (LACS) and the distant ACS (DACS). Additionally, the CACS must contain the lowest mode of both ACS. The Contiguity Rule is used to enable TFO establishment on a CACS different from the ACS. In a GSM system this is necessary because link adaptation is only possible using maximum rate control with adjacent modes of the ACS.

Example A:
LACS:
12,2
10,2
7,95
5,9

DACS:

10,2
7,95
5,9

CACS

10,2
7,95
5,9
Contiguity Rule is fulfilled

Example B:
LACS:
12,2
10,2

4,75

DACS

10,2
7,4
4,75

CACS

10,2

4,75
Contiguity Rule is not fulfilled for the DACS

12.8
Examples of OACS Computation

12.8.1
TFO between a full rate channel and a half rate channel

	
	SCS
	ACS
	CACS
	OACS
	CSCS
	ACS
	SCS

	12,2
	x
	
	
	
	
	
	

	10,2
	x
	x
	
	
	
	
	

	7,95
	x
	
	
	
	
	
	

	7,4
	x
	
	
	x
	x
	x
	x

	6,7
	x
	x
	x
	x
	x
	x
	x

	5,9
	x
	x
	x
	x
	x
	x
	x

	5,15
	x
	
	
	
	x
	
	x

	4,75
	x
	x
	x
	x
	x
	x
	x


This is an example for FR – HR – Matching.
Immediate TFO is possible using the CACS.
Afterwards, a codec mode optimisation is performed without interrupting the ongoing TFO connection.

12.8.2
TFO between two full rate channels with different ACS

	
	SCS
	ACS
	CACS
	OACS
	CSCS
	ACS
	SCS

	12,2
	x
	
	
	
	x
	x
	x

	10,2
	x
	x
	
	x
	x
	
	x

	7,95
	x
	
	
	
	x
	
	x

	7,4
	x
	
	
	
	x
	
	x

	6,7
	x
	x
	x
	x
	x
	x
	x

	5,9
	x
	x
	x
	x
	x
	x
	x

	5,15
	x
	
	
	
	x
	
	x

	4,75
	x
	x
	x
	x
	x
	x
	x


The CACS is a contiguous subset if the OACS.
Immediate TFO and subsequent codec mode optimisation without interrupting TFO is performed.

12.8.3
Full Rate Channel with restricted capabilities

	
	SCS
	ACS
	CACS
	OACS
	CSCS
	ACS
	SCS

	12,2
	x
	
	
	
	
	
	

	10,2
	x
	x
	
	
	
	
	

	7,95
	x
	
	
	
	
	
	

	7,4
	x
	
	
	x
	x
	x
	x

	6,7
	x
	x
	x
	x
	x
	x
	x

	5,9
	x
	x
	
	
	
	
	

	5,15
	x
	
	
	
	
	
	

	4,75
	x
	x
	x
	x
	x
	x
	x


Immediate TFO is not possible because the CACS is not contiguous.
TFO on the OACS is acceptable since a tandem connection would not provide a better speech quality.
The OACS is acceptable since both the High Mode Rule and the Low Mode Rule are fulfilled.

12.8.4
Scenario: Full Rate Channel with MACS == 2

	
	SCS
	ACS
	CACS
	OACS
	CSCS
	ACS
	SCS

	12,2
	
	
	
	
	
	
	

	10,2
	
	
	
	
	
	
	

	7,95
	
	
	
	
	
	
	

	7,4
	x
	x
	
	x
	x
	
	x

	6,7
	
	
	
	
	
	x
	x

	5,9
	x
	
	
	x
	x
	
	x

	5,15
	x
	x
	
	
	
	
	

	4,75
	
	
	
	
	
	x
	x


The OACS is acceptable for a TFO connection. A tandem connection would not provide better speech quality. Both High Mode Rule and Low Mode Rule are fulfilled. For good radio channels a tandem between 7,4 and 6,7 is worse than a 7,4 TFO connection. For poor radio channels a 5,9 TFO connection is considered to be robust enough.

12.8.5
Scenario: AMR codec type with only one supported mode

	
	SCS
	ACS
	CACS
	OACS
	CSCS
	ACS
	SCS

	12,2
	x
	
	
	x
	x
	x
	x

	10,2
	x
	x
	
	
	
	
	

	7,95
	x
	
	
	
	
	
	

	7,4
	x
	
	
	
	
	
	

	6,7
	x
	x
	
	
	
	
	

	5,9
	x
	x
	
	
	
	
	

	5,15
	x
	
	
	
	
	
	

	4,75
	x
	x
	
	
	
	
	


One side offers an FR_AMR codec type with only the 12,2 mode in the supported codec set.

The OACS is not acceptable, TFO should not be established. A tandem connection would provide better overall speech quality. If the only supported mode is lower or equal to the 7,4 mode, TFO shall be established on this single mode. The 7,4 mode is considered to be robust enough in the case of poor radio channels. On the other hand, a tandem connection between 7,4 and 12,2 would be worse than a 7,4 TFO connection for good radio channels.

Annex E (normative):
TFO Decision Algorithm C-Code 

E.1
Brief Description of the Program 'tfo_decision'

The program 'tfo_decision' implements the TFO decision algorithm described in clauses 11 and 12. With the help of this program, the TFO decision algorithm can be run for different codec configurations in order to check and illustrate the TFO decision algorithm.

The necessary files for compiling the program 'tfo_decision' are: tfo.cpp, tfo_decision.cpp, extensionsForAMRWB.cpp, tfo_decision.h, oacs.cpp, oacs.h, extensionsForAMRWB.h.

The files oacs.h, oacs.cpp, tfo_decision.h, tfo_decision.cpp, extensionsForAMRWB.cpp and extensionsForAMRWB.h serve as reference implementation of the TFO decision algorithm.

The C-Code is available in a separate file AMR_TFO_C-Code(version_number of 28.062).zip.

In case of inconsistencies between the TFO decision C-Code and clauses 11 and 12 the C-Code shall take precedence.

E.1.1
Input

The program tfo_decision reads from stdin. Each line is separated by spaces into 10 fields that contain the input data for a TFO decision. For example:


XXXXXXXX X-XX—-X- 4 FR_AMR y XXXXXX—- X-X-X--- 3 HR_AMR y

1. field:
LSCS
XXXXXXXX
all modes supported

2. field:
LACS
X-XX—-X
modes 4,75, 5,9, 6,7, 10,2
3. field:
LMACS
4
local MACS 4

4. field:
LUC
FR_AMR
local used codec type FR_AMR

5. field:
LOM
y
('y' or 'n') local optimization mode yes 

6. field:
DSCS
XXXXXX--
modes 4,75, 5,15, 5,9, 6,7, 7,4, 7,95
7. field:
DACS
X-X-X---
modes 4,75, 5,9, 6,7, 7,4,
8. field:
DMACS
3
distant MACS 3

9. field:
DUC
HR_AMR
distant used codec type HR_AMR

10. field:
DOM
y
('y' or 'n') distant optimization mode yes 

The fields LSCS, LACS, DSCS, DACS must consist of 8 characters ‘x’ or 'X' or '-' in case of AMR-NB codec types or of 9 characters for AMR-WB types. They are indicating the 8 AMR or the 9 AMR-WB modes. 
The LMACS and DMACS field must be numbers. 
LUC and DUC may be FR_AMR, HR_AMR, UMTS_AMR, UMTS_AMR_2, GSM_EFR, GSM_FR, GSM_HR, FR_AMR-WB, UMTS_AMR-WB, OHR_AMR-WB, OFR_AMR-WB. 
The LOM and DOM fields must be 'y' or 'n'.

E.1.2
Output

The program tfo_decision prints directly to stdout. The output is self-explaining, e.g.:


FR_AMR



HR_AMR


MACS = 4



MACS = 3


OM = yes



OM = yes


SCS
ACS
IACS
OACS
CSCS
ACS
 SCS

12,2
X
-
-
-
-
-
-

10,2
X
X
-
-
-
-
-

7,95
X
-
-
X
X
-
X

7,40
X
-
-
-
X
X
X

6,70
X
X
-
X
X
-
X

5,90
X
X
X
-
X
X
X

5,15
X
-
-
-
X
-
X

4,75
X
X
X
X
X
X
X

Change ACS to OACS and establish TFO.

OACS: In this example the IACS consists of the modes 5,9 and 4,75. The OACS consists of three modes (7,95, 6,7, 4,75). The TFO Decision Algorithm states that the ACSs on both sides have to be changed to the OACS in order to establish TFO. Immediate TFO is not possible in this example.
_________________________________
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