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1. Introduction

The purpose of the present document is to provide some background information and discussion of certain aspects of the solution proposed in C4-110660 (CR 23.153 – 0118). 

During offline discussions of earlier versions of the procedures described in C4-110660 (e.g. C4-101249), one company was specifically asking to align the handling of codec modification and mid-call codec negotiation after  inter MSC handover to AoIP with the handling after handover to a legacy A interface. So we will first have a look at the procedures for the legacy A interface and then discuss the AoIP case.
2. Codec modification and mid-call codec negotiation after inter-MSC handover
2.1 With legacy A interface
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                 (TFO entity)               (TFO entity)     Nc/Nb
Figure 1: Configuration after inter-MSC handover to a legacy A interface, with TFO-TrFO interworking in the serving MSC
If the serving BSC is connected to the serving MSC via a legacy A interface, then according to TS 23.153, subclause 6.11.2, the anchor MSC will not initiate any MAP signalling towards the serving MSC when it receives a request for a codec modification or mid-call codec negotiation from the far end, but only forward the BICC signalling procedure towards the serving MSC. 
It is then assumed that the TFO entity in the serving MSC is informed about any changes in the Selected Codec (BICC) and the Available Codecs List (BICC). Subsequent TFO in-band negotiation between the TFO entities in the BSC/TRAU and in the serving MSC will show whether TrFO/TFO can be established end-to-end via a codec mismatch resolution by means of a handover with codec change at the radio interface, or a BICC codec modification from the serving MSC to the far end, or a combination of both.
While this will work for a codec modification where the new Available Codecs List (BICC) will be identical to the previous Available Codecs List (BICC) or to a subset of it, the case of a mid-call codec negotiation – where the new Available Codecs List (BICC) can contain additional codecs – deserves a closer look.

Two cases are to be considered:

i) During the preparation of the inter-MSC handover the anchor MSC provided to the serving MSC and target BSC the full list of GSM codecs (speech versions) supported by the UE and the anchor MSC. 

(Note: This list of codecs is provided in the Channel type IE in the BSSMAP HANDOVER REQUEST message which is included in the MAP Prepare Handover Request.) 

In this case the BSC and the TFO entity in the TRAU have already received the largest possible set of codecs supported by the UE. This set is not affected by the subsequent mid-call codec negotiation from the far end. If the TFO in-band codec negotiation should now come to a different result, this can be only because the anchor MSC provided a new Available Codecs List to its own TFO entity. 
ii) During handover preparation the anchor MSC applied some filtering and included only codecs which are supported by the UE and have been negotiated with the far end via BICC, i.e. which were included in the Available Codecs list (BICC) negotiated during call setup.

In this case, as there is no MAP signalling from the anchor to the serving MSC, and consequently no assignment procedure via the A interface, the BSC and the TFO entity in the TRAU are not informed about any codecs that have been added to the Available Codecs List (BICC) during the mid-call codec negotiation. Consequently, although the serving MSC may provide these new codecs to its own TFO entity, they are not known as supported in the peer entity in the TRAU and cannot be considered for codec mismatch resolution. I.e. in this situation, due to the information missing on the BSC/TAU side, the outcome of the TFO negotiation can be less the optimum.
Currently, the text in TS 23.153, subclause 6.11.1, does not explicitly describe how the anchor MSC generates the Channel type, i.e. whether it is allowed to apply filtering or not. But recently, as part of the description for the AoIP inter-MSC handover in CR 23.153 – 0116 (CP-100682), CT4 agreed a note saying: 

NOTE 1:
The codec types listed in the Channel Type Information Element are the full list of codec types supported by the UE (as recognised by the Anchor MSC); this list is not affected by the Available Codecs List (BICC) or any resultant AoIP-Supported Codecs List (Anchor) (MAP) IE.

So we think it is acceptable to apply the same "requirement" also to the inter-MSC handover to legacy A interface. For that reason we are proposing in C1-110660 to add a similar note also to subclause 6.11.1.

The alternative would be to allow the anchor MSC explicitly to apply filtering of the list. In this case, however, it would be necessary that upon receipt of a request for a mid-call codec negotiation from the far end the anchor MSC sends an updated Channel type IE with MAP Forward Access Signalling [BSSMAP Assignment Request] to the serving MSC to trigger a (re-)assignment procedure via the A interface.
2.2 With AoIP interface
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Figure 2: Configuration after inter-MSC handover to an A interface using AoIP
If we look at the situation where an AoIP interface is used, the exchange of supported codec lists between BSC/TRAU and serving MSC via TFO in-band signalling is replaced by out-of-band signalling in the BSSMAP protocol:
The serving MSC can provide a Codec List (MSC preferred) with the BSSMAP messages: ASSIGNMENT REQUEST, HANDOVER REQUEST and INTERNAL HANDOVER REQUIRED REJECT. 

The serving BSC can provide a Codec List (BSS supported) with the BSSMAP messages: COMPLETE LAYER 3 INFORMATION, ASSIGNMENT COMPLETE, ASSIGNMENT FAILURE, HANDOVER REQUEST ACK, HANDOVER COMPLETE, HANDOVER FAILURE, HANDOVER PERFORMED, and a Codec List (BSS supported) applicable for the target cell with the BSSMAP message: INTERNAL HANDOVER REQUIRED.

What is different compared to the case with the legacy A interface and the Channel type IE is that, again on request of one company, CT4 has agreed in CP-100682 that 
The anchor MSC-A may decide to include in the AoIP-Supported Codecs List (Anchor) (MAP) only codecs that are also included in the Available Codecs List (BICC) or that are TrFO compatible to codecs in this list.

And the serving MSC is using this AoIP-Supported Codecs List (Anchor) (MAP) – together with the Channel type – during the preparation of the inter-MSC handover to create the Codec List (MSC preferred) which is sent to the target BSC with BSSMAP HANDOVER REQUEST. 

(Note: Although the serving MSC is provided also with the Channel type IE containing the full list of codecs supported by the UE and the anchor MSC, and the serving MSC is allowed to add codecs to the Codec List (MSC preferred) if they are included in the Channel type, in our understanding the purpose of the filtering performed by the anchor MSC is to reduce the list of codecs and codec configurations compared to the full list of supported codecs. I.e. as a rule the target BSC will not be provided with a maximum set of supported codecs, or in other words: the contents of the Codec List (MSC preferred) will vary dependent on the contents of the AoIP-Supported Codecs List (Anchor) (MAP).)
As in the case of a legacy A interface, if codecs are added to the Available Codecs List (BICC) due to a mid-call codec negotiation initiated by the far end, they should be considered also in the Codec List (MSC preferred). Otherwise the serving BSC will not be able to take this information into account when deciding later to initiate a BSS internal handover and selecting a possible target cell. E.g. if the BSC does not know that a new codec is available, perhaps it will never propose an internal handover to a cell supporting that codec type.

Note that the BSSMAP messages INTERNAL HANDOVER COMMAND and INTERNAL HANDOVER ENQUIRY, which can be sent by the MSC, can include a Speech Codec (MSC chosen), but not a Codec List (MSC preferred). It is not explicitly stated in TS 48.008, whether there are any restrictions for the Speech Codec (MSC chosen) in the INTERNAL HANDOVER ENQUIRY message, e.g. whether it needs to be a codec signalled earlier with the Codec List (MSC preferred), but even if we assume that no such restriction exists, indication of a single new, "most preferred" codec would not allow the MSC to convey the information represented by a new Codec List (MSC preferred), possibly containing two or more new codecs.
So the only message suitable for the purpose of updating the Codec List (MSC preferred) seems to be BSSMAP ASSIGNMENT REQUEST. But according to TS 23.009, subclause 4.1.1, Role of MSC-A:

… In the Inter-MSC handover case, MSC‑A is the MSC which controls the call and the mobility management of the Mobile during the call, before, during and after a basic or subsequent handover. When BSSAP procedures related to dedicated resources have to be performed towards the MS, they are initiated and driven by MSC‑A. The MSC‑A - MSC‑B interface works as a MSC - BSS interface for a subset of BSSMAP procedures. These BSSMAP procedures, described in 3GPP TS 49.008 [7] are only those related to dedicated resources. The DTAP signalling is relayed transparently by MSC‑B between MSC‑A and the MS.

I.e. for the assignment procedure we need a trigger from MSC-A in the form of a MAP Forward Access Signalling [BSSMAP Assignment Request]. For this reason we are proposing such a procedure in document C4‑110660 (CR 23.153 – 0118). 
Optionally, e.g. 
If during the preparation of the inter-MSC handover, the MSC-A server included all GSM codecs supported both by the UE and by the anchor MSC in the AoIP-Supported Codecs List (Anchor) (MAP) in the MAP Prepare Handover request (see subclause 6.14.1), …

or if an anchor MSC does not want to implement this kind of MAP signalling for this situation, the anchor MSC can also use BICC signalling only for the mid-call codec negotiation. 

In our view, however, the sending of a MAP Forward Access Signalling [BSSMAP Assignment Request] will be needed also in other situations, e.g. supplementary services like Call Wait and Call Hold/Retrieve after inter-MSC handover, so we think it is needed anyway and should be described in TS 23.153 also as one option for mid-call codec negotiation after inter-MSC handover.
