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Introduction

At the beginning of the AMR-WB aera the likelihood for a WB mobile-mobile call is small, but growing over time. 

It seems therefore a reasonable strategy for the next future to setup a call in 2G networks by using a narrowband Codec Type, preferably the FR_AMR or HR_AMR, and then modify the call to FR_AMR-WB, after the TFO Protocol has identified the possibility for that. This guarantees fastest call and TFO setup in narrowband quality for the most likely scenario.

The other solution is to start the call from the beginning in FR_AMR-WB, but decode and downsample the wideband speech signal within the TRAU to G.711 PCM format. This is a reasonable approach, when the likelihood to get an AMR-WB partner has increased. This second approach guarantees the fastest TFO Setup in wideband quality, but has the disadvantage of not optimal speech quality and channel robustness when the TFO connection can not be established and the call must stay in narrowband quality.

This paper focuses on approach 1 and discusses different version of the TFO setup.

The Problem

The version REL4 of the TFO protocol specifies that for TFO_Setup the TFO_REQ / TFO_ACK Messages transport only the Active Codec Type and Active Codec Set, but not the alternative Codec Types, nor their potential configurations. 

If the call is setup in FR_AMR or HR_AMR, then the TFO Protocol will identify the AMR as best possible TFO solution and transit into OPERATION in narrowband quality. This may take (dependent on scenario and number of IPEs) 1..2 seconds after call setup.

Then the TFO_REQ_L (or better the Config_Req) exchanges the alternative Codec Types and Configurations and it is only then that both TRAUs understand that FR_AMR_WB is in fact a better alternative. Hence they inform their BSCs. This may take another 0,5..1 seconds.

The BSCs perform both uncoordinated “In Call Modifications” of their radio channels to FR_AMR-WB. TFO is interrupted by that and transits into MISMATCH, until both radio legs established FR_AMR-WB. This time depends much on BSC load and Layer 3 signalling and radio channel performance and may take another 100..1000ms. 

Then, finally the TFO_Protocol starts from scratch and this time establishes TFO successfully in wideband quality, again 1..2 seconds later.

During all that time the call remains in narrowband quality. The TFO Messages are practically inaudible, but the (unnecessary) first TFO establishment and fall back into Mismatch causes slight transient effects (delay variations, missed frames). The worst effect is the relative long time until finally wideband quality is established.

Potential Solutions

Alternative 1: Introduce a “Combi-Codec_Type” AMR-NB+WB

This is the original idea discussed within the speech codec standardisation group during the prestudy phase of AMR and one of the reasons why RATSCCH was introduced for AMR. It would require a new Code_Point in the Codec_List (TS 26.103). The TFO_REQ Message would need an additional Extension Block to carry the AMR-WB SCS. TFO would be established immediately in narrowband quality and then switched in an instant to wideband quality by inband signalling (RATSCCH on the radio interfaces, Config_Req on the Abis and A interfaces. Fall back to narrowband quality (e.g. for tones and announcements) would also require only inband signalling and would be optimally fast.

The disadvantages are: RATSCCH is not preferred by some, the BTS needs to support the fast switching between both channel coding sets, the TRAU needs to support both Source Codecs simultaneously, the Config_Protocol needs a small extension. Handover, however, would be as simple (complex) as for the AMR itself. The error handling (RATSCCH is lost on the radio interface) would require some considerations, but taking into account that RATSCCH is the best protected signalling channel in GSM that seems to be a minor issue.

Alternative 2: Allow TFO_REQ_L / TFO_ACK_L for TFO Negotiation

TFO_REQ_L /TFO_ACK_L contain the identical information as TFO_REQ / TFO_ACK, but in addition carries the Codec List and so the wideband alternative is included from the beginning. 

This change would need modifications of the TFO Protocol . It would further delay the TFO Setup for narrowband calls substantially.

For both reasons this alternative 2 is not further considered.

Alternative 3: Introduce a “WB-Hint” bit within the AMR_ACS

The AMR_ACS Extension block contains still a “spare” bit (bit number 12). This could be used to signal: “AMR-WB is supported, WB_SCS Extension Block is following”. The TFO_REQ message would look very similar to the one in alternative 1. The main difference is therefore not in the TFO Messages, but in the modification from narrowband to wideband: this would have to be done by Layer 3 signalling. The TFO Protocol would identify immediately that the current Codec Type is AMR, but that AMR-WB is possible and better. So it should not establish TFO with the AMR, but inform the BSC and wait (e.g. in MISMATCH) until both sides have performed the In_Call_Modification and AMR-WB is up and running on both sides.

Alternative 3 behaves similar to alternative 2, but it is substantially faster in wideband quality and, as important, does avoid the TFO setup and fall back in narrowband AMR.

This alternative 3 needs some small modifications in the TFO protocol. To be on the save side this spare bit should perhaps be redefined already in REL4 to avoid incompatibilities: a REL4 TRAU would not necessarily understand that a setting of this spare bit causes another Extension block to follow. TFO Setup in AMR-NB would then be endangered.
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