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1. Introduction

During the last CN1 meeting #9, Ericsson and NTT DoCoMo presented a proposal for the transport of codec information between MS and MSC in UMTS (Tdoc N1-99E24, N1-99F40). In contrast to the solution in GSM where the information about the speech codec selected by the network is transported by an RR message, it was suggested to use a new CC message for this purpose. The main reason given for this change was a structural one: as in UMTS the transcoder is controlled by the core network, the codec negotiation is considered as a CC procedure and, therefore, no RR signalling should be involved. Separate signalling would allow an easier introduction of new radio access systems, as the downlink signalling of the selected codec would not have to be included again in every new RR protocol.

There are, however, some functional drawbacks of the proposed solution, which should be studied carefully, before we decide to discard a solution similar to the GSM codec negotiation procedure which is well proven in practise. 

Before we start with this study, it is worth while to have a look at the work item description of the work item ‘Out-of-Band Transcoder Control’.

2. Requirements for Transcoder Control

The status of the work item description is a bit fuzzy, as its last version (Tdoc NP-99385) which was approved according to the meeting report of TSG CN#5 in Kyongju, Korea, apparently never has been provided by the originators. (It is neither available from the 3GPP server nor from meeting secretary of TSG CN#5.)

The following requirements were therefore taken from the previous version (Tdoc NP-99292). These requirements seem to have been stable now for some time (see also a previous version in Tdoc NP-99275), and no comments concerning these requirements were recorded in the meeting report of TSG CN#5. 

x.x.2 

Requirements for Transcoder Control

The requirements for Transcoder Control are as follows:

· The negotiation procedure should be applied not only for speech codecs and multimedia codecs but also for data communications such as Facsimile, Modem, PPP/PIAFS and so on. The procedure should have flexibility for future enhancements of codec types.

· The negotiation and control procedures for Transcoder Control should be independent of the transcoder location in the network, i.e. Core Network (e.g. MSC) or Radio Access Network (e.g. RNC).

· The negotiation and control procedures for Transcoder Control should be independent of the transport layer (e.g. STM or ATM) of both Core Networks and Radio Access Networks.

· The negotiation and control procedures for Transcoder Control should not cause a significant delay in establishing a through connection in mobile-to-mobile calls. Nor should they cause a significant delay when modifying the communication mode between bypass mode and normal mode (e.g. in support of services such as Multiparty Call).

· Transcoder Control communication should be maintained even if the mobile terminal (MT) executes handover.

· Transcoder control communication should be realized in the case of inter-network connections that have different PCM coding standards (i.e. A/(-law) in the through connection if possible.

· The mobile terminal (MT) may support multiple codec types. Negotiation procedures between the originating MT (or TRAU) and the terminating MT (or TRAU) are required to select a common codec type for Transcoder Control communication in mobile-to-mobile calls. 

· The originating MT (or TRAU) may transmit a list of preferred codec types to the terminating MT (or TRAU) during the negotiation process.

· The terminating MT (or TRAU) should select one codec type from this preferred codec list during Transcoder Control negotiation. 

Note that, according to the second bullet point, the negotiation procedure should also be supported for a transcoder location in the radio access network(!), i.e. for a configuration as in the GSM system. Clearly this requirement is not fulfilled by the proposed CC procedure, as the CC message Selected Codec is not interpreted by the RAN.

But let us now study the proposal from a technical point of view.

3. Functional Drawbacks of the CC Procedure

3.1 Control of the Transcoder after MSC-MSC Handover

After an MSC-MSC handover, if STM is used on the trunks between the anchor MSC and the target MSC, the transcoder is located in the target MSC. Call control, however, is still located in the anchor MSC. If the transcoder is to be controlled by call control only, there are several scenarios in which a ‘remote control’ of the transcoder via the E-interface is necessary:

· in case of the MSC-MSC handover itself and of a subsequent MSC-MSC handover,

· in case of an in-call modification involving the activation, deactivation or change of the transcoder,

· in case of invocation of  a supplementary service like call hold/call waiting or a service like multicall.

The remote transcoder control can be designed in different ways with different degrees of separation between RR and transcode control in the target MSC.

3.1.1 Signalling via RR Messages

In this case the codec information is included in the RR messages (BSSMAP or RANAP) that are sent via the MAP E-interface. As we have in seen at CN1#9, one of the problems with this approach is that in case of re-assignment (e.g. after call wait) the anchor MSC cannot send the Selected Codec message to the MS before it has been informed with the Assignment Complete message which transcoder has been selected by the target MSC. As a consequence, the radio bearer will be assigned and speech frames may already be received by the MS before it knows which codec is to be applied.

To overcome this problem, Ericsson proposed to give the anchor MSC in principle ‘direct’ control over the transcoders in the target MSC (Tdoc N1-99F40, section 3.3.1 and 3.3.2). The information which transcoders are available in the target MSC should be provided to the anchor MSC either statically, i.e. by administration in the anchor MSC, or dynamically, during an MSC-MSC handover. Both solutions have the drawback that when the anchor MSC starts the re-assignment and selects the codec, it needs the information which transcoders are currently available in the target MSC at that very moment; but this information is not provided by any of the two proposals. Besides that the administrative solution is not practical and would probably not be accepted by operators.

It has also been objected that the transport of the codec information with an RR message violates the basic idea to separate the transcoder control from the RR layer.

3.1.2 Separate Transcoder Control Protocol

If the remote control of the transcoder is not performed via RR messages, we have to introduce a new protocol allowing the selection and release of a transcoder in the target MSC, with corresponding acknowledgement messages from the target MSC. E.g. before a new radio access bearer can be allocated via the E-interface, an additional dialogue step has to be performed between anchor and target MSC, consisting of the exchange of the messages Select Transcoder Request [Supported Codec List] and Select Transcoder Response [Selected Codec] via MAP.

The same principle would also apply to the handover procedure. However, handover is a very time critical procedure, which should not be prolonged by additional MAP signalling procedures. A more suitable, time-optimized solution would be to include the message Select Transcoder Request [Supported Codec List] together with the Handover Request in the MAP Prepare Handover Request. This would also solve the problem how to establish in the target MSC a correlation between the transcoder control and the handover operation. Another consequence of this would be that the final formatting of the Relocation Request message definitely has to be done by the target MSC, because the format of the SDU streams will depend on the selected transcoder. This would also require some communication between RR and transcoder control in the target MSC. If we look at the unsuccesful cases, e.g. if the requested radio access bearer is not available or the requested transcoder is not available, it would also be beneficial in these cases to have an internal communication between RR and transcoder control in the target MSC. Otherwise the anchor MSC might receive e.g. a (positive) Select Transcoder Response [Selected Codec], but a negative Handover Failure, and it would have to start another MAP operation only to release the transcoder in the target MSC.

So we come to the result that to get an acceptably fast and simple interworking between anchor and target MSC, a tight interworking between RR and transcoder control in the target MSC is required.

3.2 Trigger Event for the Codec Change

As we have seen in the previous section, a handover may require a change of the transcoder. In some cases this may involve also a change of the transcoder type, if the same type is not available in the target MSC. Such a change may also be necessary in case of an intra-MSC handover, if the subscriber moves from a cell with low to a cell with high traffic load and, therefore, a codec consuming less bandwidth has to be assigned.

Fig.1 shows the message flow of such a hard handover with codec change. The Selected Codec message is sent via the serving RNC before the Relocation Command [Handover Command] message, so that the MS has the information about the new codec available in time. But the actual trigger event for applying the new codec is the receipt of the Handover Command and the change of the radio bearer, because the speech frames of the new codec require a different format of the SDU streams. 


Figure 1: RNC relocation with codec change

Now we consider the following scenario (fig.2): The serving RNS has initiated a relocation procedure. The Selected Codec message has already been delivered to the MS, but the Handover Command which was contained in the Relocation Command is not relayed by the RNC. This can happen in certain glare cases, e.g. if the supervison timer TRELOCprep in the RNC expires between receipt of Direct Transfer [Selected Codec] and Relocation Command [Handover Command], or if the RNC has initiated an RNC-internal handover while the relocation preparation was ongoing and has relayed the Selected Codec message before it has cancelled the relocation procedure.

In this case we have to ensure that the MS does not misinterprete a Handover Command generated by the serving RNC as a trigger to activate the new codec. One possibility would be to send a second Selected Codec message which cancels the effect of the first one, however, the RNC might have already executed an internal handover before the second Selected Coded is relayed to the MS.

The obvious way out is that the MS has to analyse the contents of the Handover Command in detail, and to check whether the change of the radio bearer requires also a change of the 



Figure 2: cancelled RNC relocation with codec change and subsequent internal handover

codec. This may be a non-trivial task, as the RNC may use a different channel coding for the same codec in different cells (resulting e.g. in different maximum bit rates in the QoS), and the SDU format can be used for this purpose only if the codec type can be derived from it unambiguously. But if we design the system in such a way, then we are actually relying on an inband signalling mechanism, and the Selected Codec message is redundant.

4. Summary and Conclusion

In section 2 we have seen that the proposed CC procedure is not compliant with the requirements of the work item description. Furthermore, because of the required independency from the transport layer (STM or ATM), a consequent separation of RR signallling and transcoder control makes the introduction of a new protocol between anchor and target MSC necessary (section 3.1). However, for MSC-MSC handover the timing requirements of the procedure probably do not allow such a strict separation. Finally, to be able to support a codec change during handover, the MS has in principle to be able to derive the codec type from the radio bearer description (section 3.2).

In summary, it is our opinion that the proposed CC procedure results in more complex signalling procedures than a combined CC/RR procedure as specified for GSM, without really achieving the postulated separation between transcoder control and RR signalling. Therefore, we propose to send a LS to RAN2, RAN3 and SMG2 WPA, asking them to include the necessary codec information for transport in downlink direction to the MS in the respective RANAP, RRC and BSSMAP messages as described in Annex A.

Annex A: Proposal for the Transport of Codec Information by CC and RR messages

1) The information about the supported codecs (Supported Codec List) is sent by the MS in the CC messages Setup (mobile originating) or Call Confirm (mobile terminating).

2) The information about the Selected Codec is sent by the MSC via the Iu interface in the RANAP messages RAB Assignment Request and Relocation Request. The Selected Codec is added to these messages as an optional information element. The MSC shall include this information element, if the MS has to assign a codec or has to change the codec together with the radio bearer assignment, re-configuration or handover.

3) If the information element is contained in the RANAP message, it has to be included by the RNC in the corresponding RRC message: Radio Bearer Setup, Radio Bearer Reconfiguration, or Handover. (Note: this list may be incomplete.)

4) In case of an MSC-MSC handover (2G->3G), or a radio bearer reconfiguration after such a handover, the Supported Codec List is transported with the BSSMAP messages Handover Request and Assignment Request via the E interface. The target MSC selects a transcoder according to the contents of list and includes the Selected Codec in the Relocation Request or RAB Assignment Request sent to the target RNC. The Selected Codec will also be reported back to the anchor MSC in Handover Request Acknowledge or Assignment Complete, respectively. 

In case of a 3G->3G handover, the anchor MSC should include also the “Selected Codec (serving)”, i.e. the currently active codec, in the Handover Request and Assignment Request message. This information may be used by the target MSC to optimize the RANAP message sent to the target RNC, i.e. to not include the Selected Codec IE in the message unless the codec has to be changed during the radio bearer reconfiguration or handover.

In case of 3G->3G handover, if it should be decided to use RANAP at the E interface, the Supported Codec List and the information elements Selected Codec and Selected Codec (serving) have to be added also to the respective RANAP messages. 
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