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1. Introduction

Information about codecs needs to be exchanged at the access side between UE and MSC. In GSM the Bearer Capability Information Element is used to indicate supported speech codecs from the MS to the MSC. From MSC to BSC to MS  the Channel Mode IE in Assignment Command is used to indicate the chosen speech version.

There are three problems discussed in this paper, firstly the issue of distinguishing between UMTS speech versions and GSM speech versions and secondly the issue of informing the UE of the chosen speech version. The latter discussion is a continuation of the discussion introduced to N1 in N1-99632. Thirdly, the handling of speech coding negotiation and control during and after Inter-MSC hnadover is discussed.
2. Principles
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It is defined in the 3G TS 23.110 UMTS Access Stratum; Services & Functions, that speech coding is a Non Access Stratum function. This means that negotiation of speech codecs must be performed by Non Access Stratum. Non Access Stratum messages are carried in RANAP in a container – Direct Transfer Message. 
3. Current Situation

In the UMTS TS 24.008 the speech versions supported do not differentiate between coding schemes that are to used in UMTS and those that are only to be used in GSM. In UMTS the default codec is AMR (as defined in 26.090). The coding algorithms for the UMTS AMR rates are bit exact to those in the GSM AMR (GSM 06.71) however there are some differences in the behaviour of these codecs (e.g. Rate Control frequency and the DTX framing). 

If a UMTS MSC receives a SETUP message containing a list of supported speech versions as it is today in the BC IE then it must make some assumptions on what can be supported over an Iu interface and what can be supported over an A-interface. An obvious statement would be that if Speech Version 3 was included then this would be valid for both GSM (assuming Classmark indicates support of GSM) aswell as UMTS. Then all other speech versions are for GSM only - needed for intersystem handover. This assumption means that all dual system handsets must support AMR for GSM system also and that no handset can introduce GSM speech version encoding for UMTS. 

The codec selection should not be based on any assumptions.

Further, in AMR there is the Supported Codec Set which contains the AMR modes which can be handled by a specific Coder/Decoder equipment and the Active Codec Set which contains the negotiated AMR rates that can be used between codecs to perform rate adjustment. In GSM the negotiation of the Active Set is performed between the BSC and the MS, and between TFO codecs using the TFO protocol. In GSM the Active Codec Set is conveyed to the MS via RR message. 

For UMTS if a TRAU is required it is located in the CN and so controlled by the MSC and if OoBTC is supported to achieve the goal of transcoder free operation then OoB Supported Codec Set negotiation is also required. Both of these reasons mean that we cannot rely on control from the radio access or from the TFO protocol (no TFO if no Transcoders) to negotiate these sets. The use of OutOfBand signalling should be deployed as described in N1-99720.

As described in N1-99632 there is no signalling to the UE to indicate the chosen codec. There is no speech version included in the RAB assignment from MSC to RNC and so no speech version can be included in any RRC message from RNC to UE as compared with the handling in GSM. 

The MSC requests a Radio Access Bearer providing the required SDU frame sizes for the chosen speech coding rates. The RNC establishes a RAB for these frames and informs the UE of the specific framing required (i.e. the SDU sizes for each Active Codec rate) in the Radio Bearer Setup but not the coding scheme itself, nor the DTX, nor the Rate Adaptation rules (frequency, stepping order).  Again in the current situation the assumption that UMTS AMR is the speech version must be made and that all modes are rate adaptable according to UMTS AMR Rate Control Procedures. This prevents the call scenario of UMTS AMR to GSM AMR with TFO being possible for example. 
At Inter-System Handover the Anchor MSC sends the preferred speech versions in BSSMAP message carried in MAP Prepare Handover to the Target MSC, which passes this to the BSC where the Transcoder will be located after Handover. This mechanism cannot be used for UMTS Handover as the transcoder will be located in the Target MSC (STM between Target and Anchor).  The Target does not have any Call Control entity and so the codec negotiation must be performed between the Anchor MSC and the UE.
4. Proposed Changes

4.1 UE to MSC Speech version handling

4.1.1 Alternative 1 

In UMTS TS 24.008 a new Information Element is introduced to indicate the supported speech versions for UMTS, sent from the UE to the MSC in the SETUP and CALL CONFIRMED messages. The BC IE will be used as for GSM, to indicate the supported speech versions for the GSM system i.e. in UMTS the MSC will use this list for intersystem handover.

It is further proposed that the format of the data in the new IE is taken from the UMTS TS 26.103 currently being proposed for inclusion in the ITU Q.BICC standard for Codec Negotiation. The use of Q.BICC in UMTS has been recommended to N1 by N2 in N1-99720. The introduction of this "list" in the 24.008 would further enhance the handling of the Out-Of-Band Transcoder negotiation, avoiding the need for the MSC to perform any mapping of speech versions and associated parameters from one "list" to another.

This also enables the codec type to be independent of the 24.008 protocol. This is very advantageous as it should be possible to introduce new coding schemes to the UE and CN independently of the protocol that carries the information. 

4.1.2 Alternative 2

The Current speech version codepoints are extended to indicate UMTS speech versions and are included in Octet(s) 3a of the Bearer Capability IE. These codepoints would simply indicate the codec type. Then further parameters required to fully describe the codec (Active

Codec Set, Supported Codec Set) would be included in a new optional IE sent in SETUP or CALL CONFIRMED. 

The coding of the new IE indicates the ACS, MACS, SCS as in 26.103 (but only this data, i.e. 3 Octets per codec type). 

The advantage of this alternative is less octets are passed and the second octet is optional. However this means that if the new IE is not included then the MSC is back to the current situation of making assumptions. Secondly if more than one type of codec in the BC for UMTS needs additional parameters then the new IE must indicate the codec type that they are aplicable to - this is then duplicated information. Note this then results in 5 octets per codec type.  Further, the list in the BC does not allow for GSM coding schemes to be indicated for UMTS (without creating yet more codepoints e.g. GSM FR used in UMTS). Therefore this solution is really only practical when there is only one UMTS codec, which really defeats the purpose of this WI.

4.1.3 Recommendation

Alternative 1 is recommended because it is future proof and flexible. It is also seen as a clean solution without impacting the Bearer Capability IE. Its disadvantage is the number of octets added to the SETUP or CALL CONFIRMED messages (6 octets per codec type). 

Alternative 2 is only an advantage with 1 UMTS coding scheme. One of the motivations of this WI should be to prepare the CC messages to support OoBTC with the goal of achieving optimised transcoding/transcoderless connections. This can only be achieved in the majority of connections if the terminals support a variety of coding schemes (to ensure a compatible match) thus we need a solution that can allow coding schemes to be introduced without impact to the protocol.

4.2  MSC to UE Speech Version Handling 

A new  CC message should be introduced to indicate the chosen speech version from the MSC to the UE. In a previous paper (N1-99632) the NOTIFY message was proposed, following that it was proposed that this was unsuitable as it should not be sent during call establishment and that PROGRESS massage was more suitable. It is recommended by this paper to use a new message as any existing handling of PROGRESS message could be affected by its use for conveying Speech Codec information and more specifically instructing the UE to select a Codec Type. The sending of this new message could be inhibited for GSM systems  by checking the Classmark information although the sending of a new message to a GSM only MS would simply be discarded in unrecognised and so not cause any protocol errors.
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Figure 1. UMTS Originating Call Establishment

Note: It is proposed that this information is added to UMTS TS 23.108
The CR to UMTS TS 24.008 (contained in a companion contribution to this one) provides the specific changes proposed (Alternative 1).

4.3 Handover  & Subsequent Supplementary Service Invocation
The principle with the handover is that the Anchor MSC is in control of the call. As speech codec handling is defined as part of call control then the Anchor MSC must be in control of the speech codecs. In handover situations where the bearer between Anchor and Target MSC is STM then the Anchor must have knowledge of the supported codecs for the target MSC.

Where ATM exists between MSC’s then no transcoding in the target is required. Then the Anchor is in control of the codecs in the UE directly, and the transcoders in the Core Network, either directly (in its own node) or via BICC ( in an edge/gateway node).
Note the handover from UMTS to GSM does not cause a problem as existing handling must be performed as the BSC is controlling the transcoder after handover. 

4.3.1 Proposal 1
The first proposal is that the Anchor has pre-provisioned transcoder information for adjacent MSC’s when connected with STM. The Anchor then indicates the selected codec in the Prepare Handover Request to the target MSC. It also sends the Selected Codec CC message to the UE indicating that this is the codec to be used for handover.
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Subsequent supplementary services will be coordinated by the Anchor, if a new Setup message is received due to enquiry call, call waiting etc then the Anchor will select the codec and indicate this back to the UE in the Selected Codec message. This will also be indicated in the BSSMAP assignment to the target MSC so that the target MSC can perform the RAB assignment and also assign the Transcoder in its MSC node.
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4.3.2 Proposal 2
The second proposal is that the Anchor requests this information from the target. This is proposed to be performed by a new MAP procedure. The MAP procedure will be terminated in the Target MSC and thus can be used to both request the Target MSC’s codec capabilities but also to indicate the selected codec to the Target in order that the target can seize the corresponding Transcoder.
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Subsequent supplementary service invocation that required any codec negotiation would also use the same mechanism, although it may be unnecessary to request the Targets capabilities if they were negotiated during handover, however if this was not performed due to the handover call be data for example then the full negotiation would be required.
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4.3.3 Recommendation

Proposal 2 is recommended as it is most flexible, fits with the architectural principles, and allows for future development in the standards. With the introduction of Q.BICC and Out Of Band Transcoder Negotiation, the Target MSC should be able to negotiate codecs at any time during the call, to the UE and to the CN equipment. At handover this could reside in the Target MSC and then a MAP procedure would be the most logical means to implement this negotiation.

The CR to 3G TS 29.002 (contained in a companion contribution to this one) provides the specific changes for Proposal 2.
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