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1.
Introduction

The current level of support for codec negotiation with AoIP provides signalling of Supported Codec List and Selected Codec/Available Codecs list between Anchor MSC and Target MSC supporting AoIP. However the interactions between the MAP level signalling and BICC/SIP-I codec negotiation between Anchor MSC and Serving MSC is not described. Without such clarifications the specifications could assume that codec selection is optimised at the Target MSC/BSS but TrFO is not optimised between the MSCs.
It should also be noted that the primary motivation for including codec types and their configuration on MAP level to the Targte MSC is to enable TrFO from the Distant MSC to be extended to the Targte BSS since it is AoIP and can avoid any A-interface PCM link. Prior to such MAP level signalling the Target MSC is fully in control of the codecs signalled in the Codec List (MSC Preferred) based on the codecs received in the Channel Type IE.
In TS 23.153 descriptions exist for inter-MSC signalling for UTRAN and GERAN Iu Mode. It is submitted that the current specification even for these access types is not optimal due to the fact that it gives preference to a new preferred codec from the Anchor MSC over the currently selected codec used by the far end. This means that interruptions to end to end call during and after handover and additional transcoding will occur when:

a) interim nodes to the Non-Anchor do not support Anchor MSC proposed codec or the OoBTC procedures.
b) Far end node or interim nodes to the far end do not support the mid-call modification or no longer have the proposed codec available for that call.

Also it is submitted that the UTRAN and GERAN Iu Mode access control differs fundamentally to the GSM/AoIP access due to the fact that the Anchor MSC controls the codec selection and configures the RAB assignment for UTRAN/GERAN-Iu mode in accordance with the selected codec already before sending this to the Non-Anchor in the MAP Prepare Handover. It is assumed that there will not normally be transcoding required in the Non-Anchor MSC for UTRAN. Whereas for the AoIP case the BSS selects the Speech Codec from the list provided by the Non-Anchor and configures the radio channel accordingly, only then informing the CN of the chosen codec. Due to this difference it is recommended that the MAP signalling procedures take this into account rather than simply trying to make the procedures match those defined for UTRAN/GERAN-Iu mode.
It is proposed that the Inter-MSC handover and the associated OoBTC procedures need to be studied in two distinct stages:

i) Initial Target BSS codec selection and establishment of a user plane connection to the MS after the handover to the new BSS/MSC.

ii) Codec modification/Re-negotiation to enable end to end TrFO if the Target BSS chosen speech codec does not match the codec selected to the far end.

It should be noted that since mid call codec modification and negotiation may not be supported and can cause significant interruptions to the end to end speech connection then the initial inter-MSC handover should prioritise maintaining TrFO at the handover and then if a better codec can be supported end to end then step ii) is considered.

Since the codec modification/Re-negotiation should be end-end from the point of view of OoBTC end points and thus it should be the Target MSC that triggers modifications or re-negotiations. 

2.
Specific Issues to be agreed
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Figure 1: Reference Architecture and Codec Negotiation Signalling
NOTE: the Target MSC is named as such for simplicity but it is also known as the Non-Anchor MSC, typically after the handover has been performed. Since the term Serving MSC applies equally to the Anchor MSC prior to the handover as to the Target MSC after the handover this term should be avoided.

2.1
Content of the Codec Lists sent to Non-Anchor in MAP Prepare Handover
The list of codecs sent to the Non-Anchor MSC in the MAP AoIP Supported Codecs List (Anchor) IE shall be derived directly from the Available Codecs List agreed at step 1 in figure 1 during the initial codec negotiation between the Anchor MSC and the Distant (far end) MSC. The reason for this is:

i) it provides the Target MSC with exactly the same list of codecs that has been agreed between the Anchor MSC and the Distant MSC. Theses are the codecs and configurations that are allowed to be modified between the two ends of the call.

ii) The Available Codecs List (BICC) may contain additionally indirect codecs that are not supported for example by the currently serving radio access but which were offered in the initial Supported Codecs List (BICC) offered by the Distant MSC at call establishment. In which case these codecs will also be included in the AoIP Supported Codecs List (Anchor).
iii) Any codecs supported by the MS which were not included in the Available Codecs List (BICC) will be included as codec type information only in the Channel Type IE and therefore the Target MSC receives all possible codecs that can be selected by the Target BSS but receives the codec type and configuration to enable TrFO only for codecs that are already agreed between the Anchor MSC and the Distant MSC.

The reason why the Anchor MSC should not include additional codecs and configuration beyond that which has been included in the Available Codecs List (BICC) between the Anchor MSC and the Distant MSC is that:
a) it means that the Target MSC no longer knows which codecs will enable TrFO to the Distant end, possibly allowing for a codec modification.

b) it means that the Anchor MSC is proposing to allow the Non-Anchor MSC to select a codec that cannot allow TrFO to the Distant end during the Inter-MSC handover. This should be avoided as codec modification to another codec type should be performed after the Inter-MSC handover and only if all nodes end to end can support the modification or re-negotiation.

The first codec signalled in the MAP level AoIP Supported Codecs List (Anchor) IE shall be the Selected Codec (BICC) negotiated to the distant end. The reason for this is simply to maintain TrFO to the distant end until after the handover has occurred. If another codec than the current Selected Codec (BICC) is signalled as the preferred codec to the Target MSC then it cannot prioritise the BSS AoIP codec selection for TrFO.  Any change to the Selected Codec (BICC) to a more preferred codec shall occur after the Inter-MSC handover has been performed to minimise the interruption and also shall only occur if all ends can support the modification; i.e. it shall be an end to end OoBCT procedure.

2.2 Creation of the Codec List (MSC Preferred) by the Target MSC in Handover Request
The Target MSC receives the MAP level AoIP Supported Codecs List (Anchor) in addition to the legacy based Channel Type IE. The MAP level IE contains both the codec types and also codec configuration to allow the selection of codecs by an AoIP BSS to permit TrFO to the Distant end (end to end TrFO). The Target MSC shall take the MAP level AoIP Supported Codecs List and remove any codecs not supported by its own MGW or local policy. Any codecs included in the MAP Level AoIP Supported Codecs List (Anchor) that are not included as codec type in the Channel Type IE shall not be included in the Codecs List (MSC Preferred) IE sent to the BSS. It is then down to local policy and MSC implementation whether codec types included in the Channel Type IE may be added (with local Target MSC configuration preferences) to the Codecs List (MSC Preferred) IE sent to the BSS. Otherwise the codec types shall be removed from the Channel Type IE as the two IEs shall be consistent (3G TS 48.008 subclause 3.2.1.8).
If any codecs supported by the MS are not included in the MAP level Supported Codecs List then depending on local policy configured in the Target MSC (note all MSCs can behave as target MSCs so the policy will be common on MSC level) then such codecs can be considered for a codec re-negotiation after the Inter-MSC handover.
On receipt of the Handover Request Acknowledge from the BSS, the Target MSC will receive the Speech Codec (Chosen)  selected by the BSS and the Codec List (BSS Supported).  This codec list could be returned to the Anchor MSC in the MAP level AoIP Available Codecs List (MAP) to inform the Anchor MSC which codecs have been negotiated between the Target MSC and the Target BSS. However the benefit of this needs to be further established.
2.3 OoBTC signalling in the network side bearer establishment (BICC/SIP-I on Nc signalling to Target MSC)

The current TS 23.153 specification for UTRAN/GERAN-Iu mode suggests that the indication of the currently Selected Codec to the far end as the preferred codec is only optional and includes a note to suggest why this might be sent, including a statement that it may infact be omitted from the list altogether:

a)
optionally, the Selected codec (BICC), previously selected for the leg towards the far end party, as the preferred codec; 

NOTE: 
this codec is included to cover the case where the codec negotiation is terminated prior to reaching the target MSC. Then the best codec to be selected is the one also used towards the far end party – in order to avoid the need for a codec modification or additional transcoding in MSC-A 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, this codec may be omitted from the list.
b)
the Iu-Selected codec (MAP) (negotiated with MSC-A' during the MAP E-interface signalling), if it is not already included according to list item a; 
c) 
the default PCM codec; and

d)

optionally, further codecs from the Iu-Supported Codecs List (MAP) that are applicable to the target radio access.

If the Target MSC-A selects a codec other than the Anchor MSC preferred codec or the Selected Codec (BICC)) then the following implications arise:

i) The OoBTC procedures may be terminated prior to reaching the Target MSC and the "preferred" codec selected and indicated back to the Anchor MSC but the Anchor MSC does not know if this is a TrFO connection or not. 
ii)
The "preferred" codec may not be supported by interim network nodes and if as suggested above that the current Selected Codec to the far end is omitted from the list then yet another codec could be selected and signaled back to the Anchor: Selected Codec (BICC) from Distant MSC (far end) to Anchor, Codec X from Anchor to Target MSC (or some point in-between) and "preferred" codec = Target BSS chosen codec.

These issues are highlighted in Figure 2.
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Figure 2: codec negotiation on E-interface if codec other than Selected Codec (BICC) is signalled as the preferred codec

Then the Anchor MSC may perform a codec modification or re-negotiation to the Distant MSC (far end) and thereby remove TC1 but without achieving end to end TrFO.
Even if the "preferred" codec is selected to the Target MSC the Anchor MSC must still insert a transcoder to the far end and then after the handover it may not be successful to modify the codec to the far end (nodes do not support the new codec or mid call modification/negotiation is not supported).

Thus it is submitted that the Anchor MSC shall still propose the Selected Codec (BICC) in the BICC/SIP-I signalling to establish the network bearer and if a more preferred codec is available due to the new handover this could be negotiated end to end from the Target MSC (based on policy).
2.4 Location of Transcoder when TrFO not possible
There will be cases where the Target BSS does not select the same codec as the current Selected Codec to the far end. The network side bearer signalling should propose the Supported Codec (as recommended in 2.3) in which case the existing "Supported Codec" will be extended as close to the Target MSC as possible. The transcoder should ideally be located in the Target BSS since this is where the mismatch of codec to the far end has arisen. If a subsequent handover occurs at the Target MSC and the codec selected at the far end can be supported then potentially no BICC/SIP-I on Nc signalling is required. 
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Figure 3: codec negotiation on E-interface if codec other than Selected Codec (BICC) is selected by Target BSC

2.5 Subsequent Intra-MSC handover in the Target (Non-Anchor) MSC
A BSS codec change at the Target due to inter-BSS handover or intra-BSS Handover may simply result in the TC towards the Anchor MSC being removed. The new AoIP Selected Codec should be informed to the Anchor MSC but this should not trigger a codec modification...otherwise there is potential for many network codec modifications due to local changes at the serving BSS.
2.6
Mid Call Procedures to change the Selected Codec (BICC) after the Inter-MSC Handover from the far end

Mid call modification and negotiation procedures need to be negotiated end to end including the Target (Non-Anchor) BSS. Thus the mid-call modification/negotiation procedures are propagated to the target MSC via BICC/SIP-I signaling and if successfully reach the Target MSC then it invokes the Handover Enquiry procedure to change the local codec and if that is successful then it replies to the mid call procedure. It could also indicate the locally changed codec on MAP level so that the Anchor MSC knows that the codec was changed end to end and not mid-way somewhere between the Anchor and the target MSC.
It should be noted that this is the current behaviour toward a Target MSC with GERAN access (as described in 23.153 subclause 6.11.2.1). We see no reason to change this behaviour for AoIP. The only requirement for any MAP signaling for a codec modification is for SCUDIF service " the MAP signalling between the anchor MSC (MSC-S-A) and the serving MSC (MSC-S-A') shall be performed only, if the old or the new Selected Codec (BICC) is the multimedia dummy codec.

 ".
2.7
Mid Call Procedures to change the Selected Codec (BICC) after the Inter-MSC Handover from the Target MSC
Any changes to the core network codec, i.e. the Selected Codec (BICC) to the Distant MSC shall be performed after the Inter-MSC handover. This should be triggered by the Target MSC as an end to end OoBTC procedure.

The reasons for modifying the selected codec may be that an indirect codec listed in the Available Codecs List (BICC) has now become direct due to the Inter-MSC handover and is a preferred TrFO codec. For example AMR-WB was supported by all nodes in the call except the serving RAN prior to the handover. 

The Target MSC shall initiate the mid call OoBTC procedures towards the Distant MSC via the Anchor MSC. If successful then the Target MSC shall perform a Handover Enquiry to change the codec selected in the Target BSS.
Another reason could be due to Intra-BSS handover.
It should be noted that this is the current behaviour for a Target MSC with GERAN Access (as described in 23.153 subclause 6.11.2.2) when TrFO is extended to the Target MSC and it detects a TFO mismatch on its PCM link. We so no reason to move away from this logic also for a codec change due to local policy or intra-BSS handovers.
Summary and Conclusions

The following are the key issues we believe need to be agreed in order to approve a CR to TS 23.153 to introduce TrFO signalling procedures for AoIP access during and after Inter-MSC Handover:

1.
The initial handover signalling should be targeted at maintaining TrFO or establishing TrFO and minimising the interruption to the speech connection to the far end. Therefore the Selected Codec (BICC), used in the Core Network towards the Distant MSC (far end), must be made available to the Target MSC in MAP signalling. 
2.
To achieve (1) the currently Selected Codec (BICC) shall, and the negotiated Available Codecs List (BICC) may, be signalled to the Target MSC in MAP. It should not include additional codecs that are not "available" towards the far end because this could hinder end-to-end TrFO for a local benefit in the target RAN.
3.
To achieve (1) the Anchor MSC shall always include the current Selected Codec (BICC) to the far end as the first codec in the lists both on MAP and in BICC/SIP-I for the network side bearer establishment.

4.
The mid call modification/negotiation procedures may not be supported end to end so it needs to be negotiated from one end to the other, the Anchor MSC should not trigger this to the Target MSC via MAP since it would cause multiple transcoding steps during this process.

5.
Codec changes at the Target BSS/MSC should be informed to the Anchor via MAP but any codec changes on the network bearer shall only be triggered by the Target MSC, not by the Anchor.
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