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1. Introduction

During the standardisation phase for R99 much was discussed regarding codec negotiation during handover but as the WI was not completed for R99 no final proposals were made with regards the impacts to the affected standards.

In R99 only UMTS AMR codec type is used and thus at Inter-MSC handover the Non-Anchor MSC assumes this codec type. In 23.009 the determination of whether a transcoder is inserted or not is based on the handover type and the connection to the other party. In some cases it is stated that it is dependent on the transport technology - TDM or ATM. It is not described however how this is determined (either by OoBTC - BICC, or by administration).

In fact the handling is not really clear in 23.009, due to the fact that it did not fit to describe the handling of how the nodes determined whether or not a transcoder was required in this specification.

This contribution discusses the different handover/relocation scenarios and proposes what is required to be modified or enhanced from the R99 standards to support OoBTC in association to relocation.

2. Transport Layer Technology

In R00 the core network bearer may be IP based, ATM based or TDM based. In order for compressed speech (Transcoder free) to be carried between MSC's the E-interface is assumed to be either ATM or IP. In R99 it was assumed that the handling of codec negotiation and the procedures across the E-interface should be described differently in this case. In the TDM case it is assumed that G711/PCM will be the default across the E-interface. TFO may enable the compressed coding to be maintained after the connection. It is questioned whether it is efficient for an IP or ATM core network to implement Inter-MSC handover to UMTS - it is possible to avoid such relocation by signalling directly to the drift RNC and performing the RAB assignment directly to the serving MG. This can be achieved either by establishing the RANAP/SCCP connection directly - drift RNC's GT is known by MSC-A, or the MSC-B could act as a relay point only for the RANAP message (contains Transport Address of Anchor MG) - this is being discussed in contributions to SA2.

If inter-MSC Relocation is performed with an IP or ATM connections between the MSC’s and TrFO is to be maintained then a number of complex problems have to be solved:

1) MAP procedures must be updated to include codec negotiation (target PLMN’s UTRAN may have different SDU format support than what is being used). 

2) BICC may be used to negotiate the bearer connection – this may result in the discovery that the bearer connection is via a transit TDM network and then BICC would result in Transcoders being placed at the edges of this network, instead of at the MSC’s – this could mean that the codec type negotiated by the MAP procedure between the MSC’s is not supported by the TSC. 
3) TFO procedures may result in another codec type & then BICC codec modification procedures are required – currently no description of the handling of BICC for codec  negotiation at handover has been described. 
With this in mind it is proposed that the handling of transcoders for Inter-MSC handover is the same for all transport layer technologies - i.e. applicable for TDM.

By making this assumption it can simplify the implementation for the MSC's and reduce the signalling at handover.

3. Tandem Free Operation (TFO)

TFO is currently being standardised in SA4 for UMTS AMR in R00. It is a traffic associated signalling protocol which allows Transcoders working in Tandem to negotiate codec types and where a common type and modes are agreed allows the Transcoders to switch to Tandem Free Operation – where the coded speech is maintained on top of the PCM/64k connection.

The TFO procedures also allow the negotiation of codec types in the same way as OoBTC procedures – if a list is passed to the TRAU it is sent to the far end TRAU which compares with its own list and selects a common codec type and mode. If this is not the type that has been selected in the UE’s the TFO protocol cannot change the codec type – it must inform the call control layer of the proposed compatible codec type, the proposal is shown in figure 1.

This is being discussed in other standards groups (SA4 & CN4). What can be seen is that it is required that the MG’s receive the codec list in order that codec negotiation can be continued inband.  
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Figure 1: TFO – Trfo Harmonisation

4. Handover Scenarios

It can be seen from the following scenarios that the rule for the MSC-B node is that it should insert a transcoder, either in the MG if the call is to an RNC or in the BSC for GSM (normal behaviour).
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Figure 2: UMTS to UMTS Relocation, TrFO connection to other party

In this scenario MSC-A inserts a transcoder. The codec negotiation is required so that the codec types can be matched and TFO operation is successful. MSC-A must send the codec list to MSC-B, MSC-B returns selected codec and if a change to the codec at the far end is required then BICC OoBTC Codec Modification procedures are invoked.


[image: image2.wmf]MSC-A

RNC

PCM

RNC

MSC-B

Remove Transcoder

Insert Transcoder

PCM

Relocation


Figure 2: UMTS to UMTS Relocation, PCM to other party.

In this scenario MSC-A removes the transcoder that it had to insert at call set-up. As the initial connection was not established TrFO MSC-A would not have a common codec list from OoBTC procedures but it may have received them via TFO&H.248. Either this list or the whole list from the Ue is then sent to the MSC-B. MSC-B selects codec and if TFO is supported informs TRAU of codec list in order that inband negotiation can be attempted.
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Figure 3: UMTS to GSM Handover, TrFO connection to MSC-A

In this scenario MSC-A passes the GSM speech versions received in the BC in BSSAP procedures to MSC-B. MSC-B handles the handover in normal 'GSM' manner. A TRAU is inserted in the BSC and the BSC selects the speech version. MSC-A inserts a transcoder, codec type matches that which was negotiated by OoBTC procedures. If both TRAUs support TFO and a common codec is determined this could be informed by H.248 to the MSC-A. Subsequent BICC codec modification is then required to change the codec type for the other party.
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Figure 4: UMTS to GSM handover, PCM connection to other party.

In this scenario MSC-A removes transcoder , it is assumed that MSC-A has not negotiated codec type OoBTC. If TFO procedures enabled a compatible codec type to be selected then this may be possible with the TRAU in the BSC also. The GSM speech versions are passed to the MSC-B in BSSAP as for normal GSM handling.
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Figure 5: GSM to UMTS handover, TrFO connection to MSC-A

This scenario is somewhat rare, it assumes a GSM connection to MSC-A where the other party supports OoBTC procedures and a TrFO connection has been established but only STM exists between MSCs. At handover MSC-A retains the TRAU in its MG. Codec types are negotiated over MAP as MSC-A would have the common codec list after the OoBTC procedures at call set-up. The selected codec type is indicated by MSC-B, if this is different to that selected then MSC-A may change the TRAU in order to ensure TFO. It must then also perform OoBTC codec modification procedures back to the other party. 
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Figure 6: GSM to UMTS Handover, PCM connection to other party

It is assumed that no OoBTC procedures were involved to establish the first call. If TFO was supported and MSC-A had selected a compatible codec type due to this then if this is also allowed for the UMTS RAN, MSC-A sends this codec as preferred with the codec list (received from the Ue for UMTS) in MAP to MSC-B. If this codec type is not supported by MSC-B then it selects another type and inserts the transcoder. If both TRAUs support TFO then it may be possible that TFO can propose a new common codec type and MSC-B is informed but MSC-A has no TRAU and so will not be informed of the result of the TFO negotiation. Thus a new MAP message would be needed to indicate to the MSC-A of the change of codecs, RANAP would also be required so that MSC-A can change the RAB and indicate new selected codec.

5. Summary 

If the assumption that for Inter-MSC handover cases PCM can be assumed between MSC's, (based on the fact that where a CN is ATM or IP and 3GPP nodes supporting OoBTC procedures are in use then Inter-MSC handover can be avoided by direct RAB assignment

Procedures) then the following TRAU handling rules can be applied:

MSC-A

---------

Inserts TRAU at Handover/Relocation if TrFO connection exists to other party, otherwise TRAU is removed if in place for first call.

MSC-B

---------

Inserts TRAU at handover in CN MG for handover to UMTS, otherwise TRAU is in BSC for GSM. 

This means that for R99 where no TrFO connections exist MSC-A would not insert a TRAU at handover.

In R00 codec negotiation procedures are required on MAP (for TFO) – if no procedures are received then UMTS AMR is always selected (R99 behaviour). If no selected codec is returned (R99 MSC-B) to MSC-A then again UMTS AMR is chosen (R99 behaviour).
RANAP on MAP is required for GSM to UMTS handover if TFO is to be supported. This is logical in anycase and should be allowed as an option in R99 – if an MSC is updated to support handover to UMTS then it is impacted and then it should be optional if it wishes to generate the RANAP messages or let the MSC-B generate the RANAP. The MSC-B doesn’t see the difference then from handover from GSM or from UMTS. 

5.1 Inter-PLMN handover

Inter PLMN handover is a work item for R00 and this will probably not fit with the GT solution for Relocation. It is assumed that the target PLMN must have a server involved in the call for the purpose of charging, thus in the case of inter-PLMN relocation with ATM or IP common core network two options are seen:

1) Propose that  transcoders are used in the same way as described above. TFO will be able to provide compressed speech connection – note it is assumed that inter-PLMN handover will only be between 3G nodes so RANAP will be supported.

2) Leave the implementation separate until the Inter-PLMN handover signalling has been further considered, as the signalling required for this is still not complete, this does not preclude 1.

6. Conclusions

Handover and Relocation can be simplified by a common solution independent of E-interface bearer technology. Simple rules for handling of transcoders by MSC-A and MSC-B for R99.

Codec negotiation is proposed for R00 for TFO with backward compatibility to R99.  

A CR should be raised to clarify the TRAU handling in 23.009 for R99, simplifying the handling to the summary above. 

The above procedures should be added to 29.010 (possibly separate chapter).

CR required for MAP TS 29.002 to introduce codec negotiation procedures.

LS to N4 is required to include R00 procedures in TS 23.153.
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