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1 Introduction 

3GPP TS 23.153 specifies the handling of codec type and codec modes for out-of-band transcoder control signalling.
During speech codec negotiation a list of common codec types and codec modes is negotiated, which is supported by all involved nodes (UEs, RNCs and MSCs (MSC-Server and MGWs respectively)). Out of this list one codec type and set of codec modes is selected by the terminating CN node.

Experience shows that real-world RNC implementations support only a limited number of codec mode configurations. (One possible reason for this is that the specification for UE conformance testing, 3GPP TS 34.108, subclause 6.10.2.1, specifies only a limited selection of 'reference radio bearer configurations used in radio bearer interoperability testing'.) 
Until now this fact is not considered in the standards for the speech codec negotiation, and different implementations may therefore handle codec configurations differently. This may result in the failure of call setups and may reduce the probability of TrFO connections.

2 Discussion

2.1 Current Situation

The RNC supports only a limited number of codec mode configurations. 
This means: 
- only certain codec mode configurations are supported;




- subsets of these codec mode configurations might not be supported, depending on the RNC 



   

        implementation;




- codec modes supported within a codec mode configuration are not necessarily supported as single




   modes, again depending on the RNC implementation.

If the RNCs of a mobile network support only certain codec mode configurations, the setup of a TrFO connection may fail, as shown in the following examples.
 
Note: In the following it is assumed that UEs and CN nodes support all 8 AMR codec modes.
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(1) In this example the originating RNC (RNC-O) supports two different codec mode configurations of the AMR codec type (a, b) and (c, d), i.e. either the codec modes (a) and (b) or (c) and (d) can be used.
In a first step MSC-O generates a list of common codec types and codec modes supported by the involved originating nodes (UE-O, RNC-O and MSC-O). Since UE-O and MSC-O support all different AMR codec modes the list of supported codec modes at originating side is reduced to the codec modes supported by RNC-O. This list is transferred to the terminating side via the “Single Codec” element defined in 3GPP TS 26.103. Within the “Single Codec” element the set of supported codec modes is indicated via a bitmap. It is not possible to characterise individual codec mode configurations. 
In the current standard it is not clear whether it is allowed to include more than one "Single Codec" element indicating the same codec type. If not, then the MSC can 
- either include only one configuration in the "Single Codec" element, i.e. (a, b) or (c, d), but not both of them, at the cost of reducing the probability of TrFO connections; or
- try and include the combination of the supported codec mode sets in the "Single Codec" element, i.e. (a, b, c, d).

In the latter case the establishment of the TrFO connection can fail in the following way:
(2) The terminating RNC (RNC-T) supports the codec mode configurations (b) and (c, d), i.e. either the codec mode (b) or codec modes (c) and (d) can be used.
In a second step out of the codec list offered by MSC-O, MSC-T removes the codec types and codec modes which are not supported by the involved terminating nodes (UE-T, RNC-T and MSC-T). In this example the codec list is reduced by codec mode (a). Finally the selected Codec (AMR, modes b, c and d) is sent back to the originating side.

(3) In a third step both at originating and terminating side a RAB Assignment is generated including the selected codec. The Assignment is rejected by both RNCs, since the selected codec modes do not match with the codec mode configurations supported on the radio sides.

The further proceeding is not standardized and therefore depends on the realization within the MSC. 
Conceivable realizations are:

- retry of codec negotiation, but the chance to get a better result is very low;

- insertion of a transcoder and generation of a reassignment on Iu Interface, i.e. TrFO is not achieved;

- abort of call setup.
 
[image: image2](1) In this example RNC-O supports the codec mode configuration (a, b).
The list of supported codec modes is reduced to the codec modes supported by RNC-O, which is transferred to the terminating side.

(2) The terminating RNC (RNC-T) supports the codec mode (b).
Out of the codec list received from originating side MSC-T removes codec mode (a).  AMR (b) is the selected codec, which is sent back to the originating side. 

(3) RAB Assignment Request messages including AMR (b) are generated towards originating and terminating RNC. At originating side the Assignment is rejected since only the complete codec mode configuration (a, b) is supported. A subset of this configuration is impossible.

2.2 Enhanced Codec Negotiation

Following enhancements are proposed to improve the codec handling:

1. Characterizing of Codec Mode Configurations: 

To avoid the selection of codec mode configurations, which are not supported by one or both involved RNCs (see example 1), not the superset of all supported codec modes, but the supported codec mode configurations must be exchanged during the codec negotiation. Precondition is that the MSC (MSC-Server respectively) knows the codec mode configurations supported by the RNC, rather than only a list of modes supported by the RNC. To differentiate between the codec mode configurations supported by the RNC, each configuration shall be indicated in a separate “Single Codec” element. 
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(1) RNC-O supports two different codec mode configurations (a, b) and (c, d). Both configurations are sent to the terminating side using two “Single Codec” elements.

(2) On terminating side RNC-T supports codec mode configuration (b) and (c, d). MSC-T compares the codec mode configurations supported at originating and terminating side. Only configuration (c, d) is support on both partner sides. Therefore MSC-T selects AMR(c, d) and informs MSC-O.

(3) Both at originating and terminating side RAB Assignment messages including the selected codec are generated. On both side the assignment is successfully, since the selected configuration is supported by both involved RNCs.

2. Subsets of Code Mode Configurations: 

To enhance the probability of TrFO connections the RNCs shall support also all subsets of a supported codec mode configuration (see example 2). For example if the codec mode configuration (a, b, c) is supported, then also the subsets (a, b), (a, c), (a), (b, c), (b), (c) shall be supported by the RNC.
The MSC (MSC-Server respectively) has to know the codec mode configurations supported by the RNC. For each codec mode configuration that is not a subset of another configuration supported by the RNC one “Single Codec” element is used as described above, but for the selection of suitable codec modes also the subsets must be considered.
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(1) RNC-O supports one codec mode configuration (a, b) and all subsets of this configuration (a) and (b). The configuration (a, b) is sent to the terminating side.

(2) RNC-T supports codec mode (b). MSC-T selects codec mode (b), since it is the only codec mode supported by both RNCs, since codec mode (b) is a subset of codec mode configuration (a, b)

(3) Both at originating and terminating side a RAB Assignment is generated including codec mode (b). On both side the assignment is successfully.

2.3 Summary

Until now the standard (TS 23.153, TS 26.103) provides a protocol for the negotiation of the supported codec modes during speech codec negotiation, but clear guidance how to use this protocol if the RNC supports only certain codec mode configurations, is missing. 
Experience shows, however, that real-world RNC implementations support only a limited number of codec mode configurations and that the support of subsets of these configurations cannot be guaranteed. This may cause the failure of connection setups and may reduce the probability of TrFO connections.
To improve the description of the codec handling it is proposed 
1) to explicitly allow to differentiate between different codec mode configurations of the same codec type, by using separate “Single Codec” elements for each configuration; 
2) to explicitly require from an RNC the support of all possible subsets for every supported codec mode configuration.

3 Proposed Changes for 3GPP TS 23.153

Insert the clarifications for the speech codec negotiation in subsection 5.6 CN Node handling of Codec Types & Codec Modes as proposed in the CR (N4-040xxx).
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