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1. Scope and Summary

The current draft of the CR for GSM 08.62, reprinted in S4-99-499, was not approved by SA. 
An extensive review of that draft lead to the conclusion that the basic assumptions need to be revised in order to simplify the approach substantially. Otherwise neither the standard can be finished in short term, nor can the verification be guaranteed: the sheer number of possible combinations would be enormous. Several still open questions, like the determination of the Optimal Common Active Codec Set, can not be resolved under these assumptions. Further all GSM specific problems would be exported to other systems and that is rather unacceptable either.

Therefor the basic assumptions on configuration and signalling concepts for AMR-TFO have been revised and simplified, with the objective to allow a version “00” standard for AMR TFO in short term, without loosing speech quality, cost saving or robustness. In fact the revised assumptions allow the optimal usage of AMR and TFO without any compromise. Open points, like how to determine the optimal common Active Codec Set and whether this TFO is preferable to the tandem solution are easily solved now.

Based on that revised assumptions a substantially simplified solution for the TFO protocol and TFO procedures for AMR can be developed.

These revised assumptions do not affect the implementation of AMR in existing network equipment without the TFO feature. But they restrict the usage of TFO for networks, which implement only a subset of the AMR Codec algorithm.

2. Revised Assumptions

Assumptions not mentioned here are be as before. Only a few vital ones may be mentioned:

1. It is mandatory for all GSM MS to support all eight AMR Codec Modes, including DTX, in Codec Type GSM_AMR_FR, if they offer this Codec Type

2. It is mandatory for all GSM MS to support all six lower AMR Codec Modes, including DTX, in Codec Type GSM_AMR_HR, if they offer this Codec Type.

3. MS may exist that support both or only one of these two Codec_Types.

4. It is mandatory for all MS to support RATSCCH signalling.

5. At call setup and after handover the MS shall start always in the Initial Codec Mode in uplink

6. The MS shall always follow the Codec Mode Commands received from the BTS for the uplink

With short words: the MS shall support all AMR features and procedures for each Codec_Type they offer. This is untouched.

For the infrastructure very little was so far mandatory, leading to the many options. It shall be still optional:

1. for the BSC to support Codec_Type Mismatch Handling and Optimisation

2. for the BSC to support AMR Configuration Mismatch Handling and Optimisation

3. for the BTS to support RATSCCH

But it is now proposed to be mandatory for a BSS (BSC, BTSs, TRAUs) that wants to offer TFO for AMR in version “00”:

4. Codec_Type GSM_AMR_FR always shall support all eight Codec Modes

5. Codec Type GSM_AMR_HR always shall support all lower six Codec Modes

6. DTX shall always be supported in downlink (but not necessarily activiated)

7. The BSS shall always be able to support up to four Codec Modes in the Active Codec Set.

8. If RATSCCH is supported, then it shall be provided BSS wide

9. At call setup the Initial Codec Mode shall always be used in downlink. After handover, it might be sometimes allowed to deviate from that rule and use any other Codec Type of the ACS in downlink, especially the one before handover

10. The Adaptation shall change the Codec Mode (the rate) typically only in steps of plus/minus one mode, but at TFO Setup exceptions shall be allowed. The MS can expect that the Codec Mode in downlink changes typically only plus/minus one step within the Active Codec Set, exceptions exist at call setup, and handover and – new – at TFO setup.


3. Positive Consequences

1. The Configuration Parameters “Supported_Codec_Set” (SCS) and “Max_Number_Of_Codecs” (MACS) are now a priori known and need not be communicated in the TFO Protocol. This shortens the protocol and TFO_Setup procedures substantially.

2. SCS and MACS need not be considered in the ACS Optimisation any longer. No different SCS and MACS for FR and HR are needed. 

3. Substantially less configuration payload in TRAU and TFO frames.

4. TFO Setup is always possible, if the AMR Codec_Types are used on both sides. Very important. This was not the case before.

5. TFO Acceptability is always guaranteed: TFO is now always as good as or better than Tandeming. The Acceptability rule was not trivial before and not determinable.

6. TFO Optimisation is substantially simplified and a good result is guaranteed. Before it was not possible to find a Common Active Codec Set in all cases and often it was not possible to determine the optimal one for the – unknown – radio conditions.

7. Handover in TFO is now always possible, before it was in many cases impossible without terminating TFO and renegotiating it after TFO. The Pre-Handover Notification is now not as vital as before (but still very helpful).

8. It is not longer necessary to freeze the Adaptation before and during handover. This substantially shortens and simplifies the handover procedures.

9. Substantially less network_specific problems are “exported” to other TFO partners, especially not to other systems, like UMTS, DAMPS, PDC, VoIP…

10. Only Maximum Rate Control is necessary, the Exact Rate Control may be introduced, but it is not longer essential.


4. Negative Consequences

The new assumptions have also a price, respectively some negative consequences:

1. The delay optimisation by inversion of the CMI/CMR phase on the downlink radio interface needs some new considerations. In case of phase mismatch (50% case) after handover, the new BTS has to buffer the TRAU frames directly after handover, until the phase is optimised on the radio interface (by RATSCCH). Before, the Codec Mode was assumed to be frozen after handover to CMI==CMR==ICM and the CMI/CMR phase did not matter for a short while. It is still possible to avoid that problem by consequently using the Pre-Handover Notification and inform the distant TFO partner long enough before handover to freeze the adaptation. But is should be reconsidered, if the short distortion after handover justify the complex procedure.

2. Networks that do not support all AMR Codec Modes for one or both AMR Codec Types are not allowed to offer TFO for these not fully supported Codec Types.
If we find a “reasonable” solution for these cases, then this may be resolved in version “01”.

5. Outline of the Proposed Solution

1.  Two new Codec_Types are defined: GSM_AMR_FR and GSM_AMR_HR. Two new code points in TFO Messages are needed.

2. Two new bit positions for AMR are allocated in the Codec_List.

3. The TFO_REQ and TFO_ACK Messages are extended by one ACS_Extension_Block (20 bit) that contains the Active_Codec_Set (ACS, 8 bits), the Version_Number (VER, 2 bits) and the Optimisation Category (CAT, 2 bits). One bit is reserved for future use.

4. The TFO_REQ_L and the TFO_ACK_L Messages are extended by the same ACS_Extention_Block (not two or three as before).

5. The TFO_Protocol works exactly as for all other Codec_Types
Only difference: each TFO_REQ and TFO_ACK message is 40ms longer and therefore typically TFO_Setup takes about 80ms to 160ms longer than for other Codec_Types. 

6. TFO is established immediately, if the AMR_Codec_Types are identical on both radio legs 
(FR-FR or HR-HR) and the ACSs are identical. This is exactly as for other Codec_Types, if they match and is a very likely case in MS-MS calls within one network.

7. TFO is established immediately, if the AMR_Codec_Types are not identical (FR-HR or HR-FR), but the ACSs are identical on both radio legs. This is specific for AMR. 
This is a very important case in MS-MS calls within one network.

8. TFO is established immediately, if the AMR_Codec_Types are not identical (FR-HR or HR-FR), but the ACSs are identical on both radio legs in at least the [2] lowest Codec Modes. This is specific for AMR and allows smooth interaction between AMR_FR and AMR_HR partners.
This is a very important case and allows fast TFO setup and reconfiguration after TFO setup.

9. In all other cases the configuration mismatch is handled like a Codec_Type mismatch: the BTS and BSC are informed to resolve the mismatch before TFO can be set up.

10. In case AMR is used on both radio legs, but  the configurations are not identical, then the BTSs may optimise the ACS by using RATSCCH (fast, if authorised), otherwise the BSCs need to do it (slower, but not essential).

11. During ongoing TFO the Configuration may be changed in the fastest possible way by RATSCCH – if authorised on both sides.

12. The Codec_Mode in downlink may exceptionally change at TFO_Setup by 0, 1, 2 or 3 three steps directly. The MS shall be able to handle this (not a problem).

13. Default AMR configurations are given to improve the likelyhood for immediate TFO setup between different networks. These default configurations may be regional different (e.g. Europe, US and Japan).
Example: 
Radio Leg 1:

ACS1 = (0,1,0,1,0,1,0,1), on a FR channel
Radio Leg 2:

ACS2 = (0,0,0,1,0,1,0,1); on a HR channel
Common ACS:

ACSc = (0,0,0,1,0,1,0,1); => immediate TFO setup possible


6. TFO Definitions (for 08.62) for AMR

6.1 Definition of the TFO_REQ and TFO_ACK Messages for AMR

The TFO_REQ and TFO_ACK Messages for AMR contains one more Extension_Block called "AMR_ACS". It follows immediately after the SIG_LUC_Extension_Block.
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6.2 Definition of the TFO_REQ_L_Message for AMR

The TFO_REQ_L and TFO_ACK_L Messages for AMR contain the same ACS_Extension_Block, possibly two, if both AMR Codec_Types are in the Codec_List.
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These AMR TFO Messages follow the new rules for TFO messages and extendibility.

- end -
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