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1. Introduction

At the last CN1 meeting #10 in Abiko, CN1 agreed on a set of working assumptions for the transport of codec information during the codec negotiation between MS and MSC. As was indicated already at that meeting, the working assumptions were not complete, as they did not cover the case when RANAP instead of BSSMAP was used at the MAP E-interface for the purpose of inter 3G MSC SRNS relocation.

Meanwhile SA2 decided to select RANAP as the only protocol to be used for this purpose, and new discussions between Ericsson, NTT DoCoMo and Siemens took place which resulted in the following modified concept. The main principles followed during the development of the codec negotiation procedure were

- to achieve a clearer separation between CC and RR related signalling by reducing the amount of codec information which has to be transported by RANAP and RRC messages other than Direct Transfer messages to a minimum,
- to reduce the interruption of the speech signal during a handover or bearer re-configuration involving a codec change, as far as possible,

- to maintain the codec negotiation functionality also in the case when TDM links are used between anchor and target MSC, 

- and to avoid additional MAP dialogue steps during the time critical MSC-MSC handover when TDM links are used between anchor and target MSC.

2. Concept for the Transport of Codec Information

The concept is characterized by the following features:

i) a separate CC downlink message Selected Codec which is always sent by the anchor MSC via a RANAP Direct Transfer message

ii) an information element "Codec Activation Indicator" (CAI) which is added to the message Selected Codec, 

iii) an information element "NAS Synchronization Indicator" (NSI) which is added to the RANAP messages RAB Assignment Request, Relocation Request, and to the related RRC messages Radio Bearer Setup, Radio Bearer Reconfiguration and Physical Channel Reconfiguration, 

These information elements are used for the purpose to inform the MS about the timing of the codec activation or codec change, and to allow the MS to link the Selected Codec message to a specific RRC message. 

iv) In case of MSC-MSC handover with TDM between the anchor and the target MSC:

for the handover itself: codec selection is embedded in the MAP Prepare Handover operation (to avoid an additional MAP dialogue which might jeopardize the handover)

v) for bearer reconfiguration after the handover: a separate MAP operation for codec selection is used (one MAP dialogue with request and response; the actual selection is done by the target MSC)

The details of the concept will be described in the following sections.

2.1 Linkage between the indication of the selected codec and the radio bearer change

All parties involved in the discussion have agreed that at least in case of a handover involving a codec change, the MS should apply a new selected codec only after the related bearer change has taken place. 

This can be achieved by the following procedure (fig. 1):

1) An information element ‘Codec activation indicator’ (CAI) is included in the Selected Codec message. It is defined as a mandatory IE of type 1 with a length of 1 octet and the following two codepoints,: 

0 = immediate activation,

1 = delayed activation (MS activates the codec after receipt of an RRC message 

      containing a NAS Synchronization Indicator)

2) A new parameter ‘NAS Synchronization Indicator’ (NSI) is added to the RANAP message Relocation Command and to the related RRC messages, e.g. Physical Channel Reconfiguration.

It is defined as 1 bit with the following codepoints:

0 = NSI not present, 

1 = NSI present

The MSC shall set the NSI in the RANAP message Relocation Command, if it has commanded the MS to assign a codec or to change the codec during the handover by sending a CC message Selected Codec to the MS containing a CAI indicating ‘delayed activation’.

If the information element NSI is set in the RANAP message, it has to be included by the RNC in the corresponding RRC message, e.g. Physical Channel Reconfiguration.

If the MS receives a Selected Codec message containing a CAI indicating ‘delayed activation’, it shall activate the new codec only after receipt of the next RRC message containing the NSI.

The procedure in the MS is as follows: If the RRC layer in the MS receives such an RRC message containing a NSI, this is indicated to the CC layer. Then the CC layer has to activate the codecs for all Selected Codec messages which were received with a CAI indicating ‘delayed activation’. 

3) If an SRNS relocation is cancelled after the Selected Codec message has been sent, the

MSC has to send a second Selected Codec message to the MS to cancel the effect of the first one. The second Selected Codec message has to be sent with a CAI indicating ‘immediate activation’. (This has to be done before any new Relocation or RAB Assignment procedure may be initiated by the MSC.) 













Figure 1: RNC relocation with codec change

Note: in these message flows the names of RRC message like Handover Command should be considered as ‘functional’ names; they need not be identical with what has been specified in TS 25.331.

For the first bearer assignment of a new call both an ‘immediate activation’ and a ‘delayed activation’ are possible. However, for subsequent (re-)assignments involving a codec change, a delayed activation may have advantages (in terms of loss of less speech frames). 

(Note: The ‘immediate activation’ may be applicable in future also in case of a codec change without bearer change.)

Therefore, we propose the following procedure (fig. 2 and 3).

4) The NAS Synchronization Indicator is added also to the RANAP message RAB Assignment Request and to the RRC messages Radio Bearer Setup, Radio Bearer Reconfiguration.

The MSC shall set the NSI in the RANAP message RAB Assignment Request, if it has commanded the MS to assign a codec or to change the codec during the radio bearer setup or reconfiguration by sending a CC message Selected Codec to the MS containing a CAI indicating ‘delayed activation’.

If the NSI is set in the RANAP message, it has to be included by the RNC in the corresponding RRC message Radio Bearer Setup or Radio Bearer Reconfiguration.

If the MS receives a Selected Codec message containing a CAI indicating ‘delayed activation’, it shall activate the new codec only after receipt of the next RRC message containing the NSI and affecting the corresponding bearer. 

The procedure in the MS is as follows: If the RRC layer in the MS receives such an RRC message containing a NSI, this is indicated to the CC layer together with the Stream Identifier(s) of the bearer(s) affected by the RRC procedure. Then the CC layer has to activate the codecs for all affected bearers for which Selected Codec messages were received with a CAI indicating ‘delayed activation’. 

5) If a radio bearer reconfiguration fails in such a way that the RNS and MS revert to the old bearer configuration and the call can be continued afterwards, the MSC has to send a second Selected Codec message to the MS to cancel the effect of the first one. The second Selected Codec message has to be sent with a CAI indicating ‘immediate activation’. 

Question to RAN3: Is such a scenario, which in GSM is indicated to the MSC by an GSM 08.08-Cause “Radio interface failure, reversion to old channel”, also possible in UMTS? 












Figure 2: Radio bearer setup with immediate codec activation













Figure 3: Radio bearer setup with delayed codec activation

2.2 Control of the transcoder after MSC-MSC Handover

The second major issue under discussion was the control of the transcoder after an MSC-MSC handover, if TDM is used on the trunks between the anchor MSC and the target MSC. In such a case, the transcoder will be located in the target MSC. Call control, however, is still located in the anchor MSC.

We think that also for TDM trunks a procedure to control the transcoder via the E interface should be provided, because even if there is only one UMTS speech codec standardized in R99, this may change quite soon. E.g. with the introduction of tandem free operation (TFO) in R00, it may become interesting to be able to support also codecs like GSM full rate or GSM enhanced full rate for 2G-3G mobile-to-mobile calls.

Secondly, the final selection of the codec type has to be performed by the target MSC which is provided by the anchor MSC with a list of the supported codecs. The availability of a certain transcoder type in the target MSC is a dynamical function of time, as the target MSC has to co-ordinate concurrent requests for codecs originating not only from one, but from several anchor MSCs and from the target MSC itself. Under these conditions, a simple and reliable procedure with no more than two MAP dialogue steps (request and response) is only possible, if the target MSC is given the freedom to select a codec from the list of supported codecs.

(Note: In most cases it should be possible to avoid a codec change during handover by adopting the following procedure: during the MAP procedure, the target MSC will be provided with the Selected Codec (Serving), i.e. the codec currently in use, and a RANAP message formatted accordingly. Only if the target MSC cannot support the Selected Codec (Serving), but can support another codec from the Supported Codec List, it selects a new one. It then opens RANAP and re-configures SDU formats accordingly. Otherwise the Selected Codec (serving) is used and RANAP is not changed.)

Thirdly, we have tried to avoid to introduce another MAP dialogue in the time-critical MSC-MSC handover procedure. As a consequence of this, if the codec type has to be changed during the handover, some of the parameters of the RANAP message Relocation Command (QoS, SDU format) will have to be provided by the target MSC (see fig. 4). We think that this is an acceptable price, because the same functionality, to derive the RANAP parameters from the selected codec type, will be needed anyway for the cases of 2G MSC ->3G MSC handover (fig. 5) and radio bearer reconfiguration after such a handover (fig. 7). (In these cases BSSMAP will be used via the E interface, and the Channel Type will provide only the information that this is a speech call.) 

For the radio bearer reconfiguration after MSC-MSC we propose a different solution, involving a separate MAP operation for codec selection. With this solution we will need 4 MAP dialogue steps, but otherwise the anchor MSC will not able to inform the MS about the new selected codec in time, before the radio bearer is changed (fig. 6). Besides, the reconfiguration procedure is less time-critical than an MSC-MSC handover (in contrast to handover there is no immediate danger of loss of the radio connection), and with the proposed enhancement it will take about the same time as such a handover. 

3. Proposal for decision

We suggest that N1 adopts the procedures outlined above for the finalization of the work on codec negotiation between the MS and the MSC. 

Furthermore, N1 should send a liaison statement to RAN2 and RAN3, who are meeting in parallel to N1, and to N2B, to inform them about the new situation and to enable them to implement the necessary changes to their specifications.




















Figure 4: inter 3G MSC handover / SRNC relocation with codec change

(with TDM link between anchor and target MSC)

Note: in case of a multicall handover, the set of parameters (Stream Identifier, Supported Codec List, Selected Codec (Serving)) may have to be included more than once in the MAP Prepare Handover request. In this case each set of parameters can be assigned to a certain radio bearer by means of the Stream Identifier. The CAI and NSI are included only once per message.





















Figure 5: 2G -> 3G MSC handover with codec change

(with TDM link between anchor and target MSC; usage of BSSMAP via the E interface)

 

















Figure 6: Radio bearer reconfiguration with codec change after 3G MSC handover / SRNC relocation (with TDM link between anchor and target MSC)

Note: in case of reconfiguration of a multicall, the set of parameters (Stream Identifier, Supported Codec List, Selected Codec (Serving)) may have to be included more than once in the MAP Select Codec request. In this case each set of parameters can be assigned to a certain radio bearer by means of the Stream Identifier. The CAI and NSI are included only once per message.


















Figure 7: Radio bearer reconfiguration with codec change after 2G->3G MSC handover 

(with TDM link between anchor and target MSC; usage of BSSMAP via the E interface)
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