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1.
Introduction
Case under discussion: after an Inter-MSC handover a Serving MSC exists between Anchor MSC and AoIP-BSS. In general even more MSCs, “Interim MSCs” may be located in this path. In general there will also be another MSC at the distant side of the voice path, called “Peer MSC”. If now a subsequent Intra-MSC Handover changed the local AoIP Selected Codec, then there might be a desire to adapt also the BICC Selected Codec for optimal end-to-end speech quality. End-to-End then means: between the Serving BSS, the Serving MSC, the Interim MSC, the Anchor MSC, the Peer MSC and the Peer RAN.
The question is: which MSC, Serving MSC or Anchor MSC, is best suited to initiate the BICC Codec Modification?
The CR to TS 23.153, which was agreed in C4-120441, was not approved at CT Plenary (TSG#55) due to an alternative proposal in CP-120129 adding additional text to cover the case, when the Serving MSC initiates OoBTC procedures towards the Anchor MSC. This CR was also not agreed and it was suggested to bring the issue up again in CT4. This paper aims to explain the concerns with the current specification regarding codec modification after inter-MSC handover. 

Main concern: if the BICC Codec Modification is triggered by the Anchor MSC, which is located in the middle of the end-to-end voice path, then this Anchor MSC has to negotiate the BICC Codec with two sides, the distant, Peer MSC and the local, Serving MSC. The results may be contradicting and the procedures complex. In the simplest case the voice path interruption is double and interim resource usage is higher than necessary
Main proposal: The Serving MSC is best suited to trigger the BICC Codec Modification, as it is an “Endpoint MSC”. If this is not the only allowed solution (but also the Anchor MSC may trigger the BICC Codec Modification), then it shall at least be allowed as preferred option, that the Serving MSC may trigger the BICC Codec Modification. Note: there might be other reasons why a Serving MSC may see a need for BICC Codec Modification.
2.
Codec Modification in Serving BSS with existing Serving MSC (i.e. after Inter-MSC Handover)
After an Inter-MSC Handover a Serving MSC exists between Anchor MSC and Serving BSS. In general even more“Interim MSCs” may be located in this path. The Serving BSS has an AoIP-Interface with an AoIP Selected Codec. The current 23.153 specification describes the option that the Serving MSC may need to change the AoIP Selected codec due to a change at (or of) the Serving BSS (and its radio interface speech codec chosen), for example due to Intra-MSC handover or Internal Handover. The current text is quoted below:
6.14.2.3
Modification Procedure after Codec Change in the Serving MSC

According to 3GPP TS 23.009 [11], subclause 6.1 and 6.3.2, the serving MSC (MSC-S-A') may inform the anchor MSC (MSC‑S-A) when the AoIP-Selected codec Target (MAP) was changed during a subsequent intra-MSC handover by sending a MAP Process Access Signalling request with the new AoIP-Selected codec Target (MAP). If the AoIP-Available Codecs List (MAP) was changed during the handover, the serving MSC may insert the new AoIP-Available Codecs List (MAP) into MAP Process Access Signalling request.

On reception of the MAP Process Access Signalling request the anchor MSC may initiate one of the modification procedures as described in sections 5.8.1, 5.8.2, and 5.8.3 towards the serving MSC and/or towards the far end side. I.e. towards the serving MSC no MAP signalling is used. Besides, towards the serving MSC (MSC-S-A') the procedures described in sections 5.8.1, 5.8.2, and 5.8.3 are applicable with the modification that the serving MSC shall not modify the radio access bearer.
The text highlighted was proposed to be deleted by C4-120441, because the Serving MSC can not know why the Anchor MSC triggered the BICC Codec Modification: there could be several reasons, not related to the just performed Intra-MSC handover. However, the intent of this text was: if the Anchor MSC triggered this OoBTC codec modification or codec negotiation towards the Serving MSC because of the preceding MAP signalling from the Serving MSC, that this should not result in another modification of the just modified radio access bearer. . 
The referenced sections 5.8.1 and 5.8.3, handling the general case of a BICC Codec Modification reaching the Serving MSC, do generally assume a change of the radio bearer, since they assume TrFO is to be maintained. 

Figure 1 shows a general constellation between the distant (far end) Peer MSC, the Anchor MSC, a potential Interim MSC and the Serving MSC, which controls the Serving BSS. In the shown example a pair of Transcoders had been placed in the voice path at the Serving MSC (MGW) just after the Intra-MSC handover.
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Figure 1: After Intra-Serving-MSC Handover, Transcoder-pair in Serving MGW.

The discussion starts with the assumption that end-to-end TrFO was existing (blue link). The Available Codec List (BICC) was known at Serving MSC and the Serving MSC selected the new AoIP Selected Codec taking this into account. Then the Intra-MSC HO changed the Radio Codec and the AoIP Codec, because the target BSS has other features/needs. Now we have a Transcoder Pair (Blue-to-Black and Black-to-Red) at the Serving MSC (MGW). The Serving MSC informed by MAP signalling the Anchor MSC about the Handover and about the AoIP Selected Codec and the AoIP Codec List.
Now the question is: How can end-to-end TrFO be established again?

Alternative 1: The Anchor MSC initiates a Mid Call Codec Modification or - better - Codec Re-Negotiation.

First the Anchor MSC sends an OoBTC Codec Modification Request towards the Peer MSC. The first Codec in the List is the AoIP Selected Codec or a compatible one (example: AMR-HR(Set1) => AMR_FR(Set1) or UMTS_AMR2(Set1) ).
Typically the Peer MSC accepts this Codec proposal and returns it as Selected Codec (BICC) (or Selected Codec (SIP-I)). All Codec Types along the voice path between Peer MSC and Anchor MSC are changed to this new one; as a consequence of this the voice path is interrupted for a short while (round trip). Typically the Peer MSC is also able to change the Codec at Peer RAN. This takes typically longer than changing the Codecs within the MGWs and is less successful, but here it happened. Figure 2 shows the result after this first OoBTC procedure.
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Figure 2: After OoBTC between Peer MSC and Anchor MSC, two Transcoder-pairs in the voice path

Then the Anchor MSC starts a second OoBTC Codec Modification Request towards the Serving MSC. This request passes also the Interim MSC(s). Typically all MSCs agree to this new Codec and the Serving MSC returns it as Selected Codec (BICC). Now we have end-to-end TrFO again, best quality, lowest MGW resource usage, see Figure 3.
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Figure 3: After OoBTC between Anchor MSC and Serving MSC

Alternative 2: The Serving MSC initiates a Mid Call Codec Modification or - better - Codec Re-Negotiation.

The OoBTC Codec Modification Request is sent from the Serving MSC towards the Peer MSC, passing the Interim MSC and the Anchor MSC. The Peer sees no difference compared to the first OoBTC Request described above and answers identically. The answer reaches the Serving MSC and all MGWs in the path are modified in one rush, changing from Figure 1 immediately to Figure 3. No waste of Transcoder resources, no more interruptions than necessary. 
Better than Alternative 1.


3.
Conclusions

The current specification does not preclude the Serving MSC from initiating OoBTC procedures, since the OoBTC codec modification procedures are part of the BICC codec negotiation, which permits participating nodes to support and initiate codec modification or codec negotiation procedures. 

Up to now this section describes only the Alternative 1 option that the Anchor MSC can initiate this process. It is proposed in addition that the text should also  include  the Alternative 2 option that  the Serving MSC may initiate this process. The benefit of the Serving MSC initiating this process is that it can be an end to end negotiation with the far end in one procedure, as described above. 

The proposed correction in C4-121173 includes a note explaining the reasoning behind the  Anchor MSC initiated codec modification:

NOTE 2:
The anchor MSC can initiate the codec modification procedure as a result of the change of the codec type or codec configuration used at the AoIP interface, if MSC-A knows by means of configuration information that all nodes of the network support TrFO/TFO interworking and TFO, including codec mismatch resolution. The intention of that codec modification procedure is to remove the transcoder inserted by the serving MSC according to NOTE 1 and not to trigger a new change of the radio access bearer.

The removal of the last sentence as highlighted in the previous chapter and the inclusion of the above NOTE is acceptable to Ericsson but the text in TS 23.153 clause 6.14.2.3 should include the Alternative 2 option that the Serving MSC may initiate codec modification or codec renegotiation as a result of Internal Handover or Intra-MSC-B handover.

In addition it is proposed to add a second note indicating that the OoBTC Procedure has advantages, if started from an end-point MSC.

































