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1
Introduction

This paper discusses the optimal Inter-MSC Handover handling, considering the improved Codec Negotiation of AoIP together with the Out-of-Band Codec Negotiation (OoBTC) with BICC or SIP-I for the Nb- and E-Interfaces. 
The first part discusses the 2G=>2G Inter-MSC Handover, the second part extends this discussion to 2G=>3G and 
3G=>2G handovers, always with the goal to achieve end-to-end transcoding free operations as far as resources allow.
1.1
Some Recapitulations and Terms 
Let's consider a 2G <=> 2G mobile-mobile call with two BSS, two MSCs and two MGWs as the most general case for this discussion. All other cases can be derived from that scenario. At call setup the combined AoIP-OoBTC-AoIP Codec Negotiation determined the best possible Speech Codec (oBSS Chosen) for the originating BSS, the best possible Selected Codec (OoBTC) for the Nb-Interface between the MGWs and the best possible Speech Codec (tBSS Chosen) for the terminating BSS. 
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Figure 1.1.1: Network Architecture for MS-to-MS call with two MSCs.

In the optimal case these three Codecs are identical or at least compatible and end-to-end transcoding free operation is achieved. In less optimal scenarios one or both BSS Codecs may be not-compatible to the Selected Codec (OoBTC) and then transcoding is required within one or both MGWs. 

It is currently common preferred practise to keep the once determined Selected Codec (OoBTC) during the call, although Mid-Call Codec Re-Negotiation is standardised and available as option. OoBTC may also be used for the E-Interface and potentially -theoretically - another Codec is selected there. 
Intra-BSS Handovers or Inter-BSS Handovers on one or both radio accesses may have forced the BSSes to choose Codecs not compatible to the Selected Codec (OoBTC on Nb), in which cases transcoding may be required in the MGWs.

In the following discussions it is assumed that one radio access has to perform an Inter-MSC Handover, while the other radio access remains stable during that time. The access performing the Handover is called the "local", the other access is called "far end".

In Release 8 the "A-interface over IP" feature (AoIP) was introduced, which allows the removal of transcoders from the BSS GERAN A/Gb mode and compressed-speech transmission on the A-Interface. This AoIP feature includes the negotiation of the BSS-Capabilities with Codec List (BSS Supported) and the MSC-Preferences with Codec List (MSC Preferred) to determine the optimal Speech Codec (BSS Chosen) for the radio interface and the AoIP-Interface. 
The Codec List (MSC Preferred) is based on the Supported Codec List (MS), which has been received by the Serving MSC via DTAP (and potentially filtered by this Serving MSC); 
This enhanced Codec Negotiation permits substantially higher success rates for end to end TrFO connections between 2G radio accesses and 2G - 3G accesses.
At Inter-BSS Handover the Serving-MSC provides to the Target-BSS the Codec List (MSC Preferred), where the first codec has the highest preference. It is reasonable that the Selected Codec (OoBTC on Nb) - or a compatible Codec - is on top of this list, because this optimises the likelihood for transcoding free operation after handover.

2
Inter-MSC Handover 2G-to-2G with AoIP and OoBTC
The AoIP feature has so far not considered the optimisation of codec selection for Inter-MSC Handover cases. In the event of an Inter-MSC handover in Rel-8 it is assumed that the target MSC generates the Codec List (MSC Preferred) itself, based only upon the Supported Codec List (MS) and its own Codec capabilities, but without knowledge of the Codec Type and Codec Configuration already selected and fixed on the Nb-interface towards the far end subscriber: Selected Codec (OoBTC on Nb). 
The (potentially filtered) Supported Codec List (MS) is received at the Target MSC within the Channel Type IE, either directly in BSSAP or within the Radio Resource Information IE when RANAP is signalled as the AN-APDU. But this list is only a Codec Type list, without information on potential restrictions on the Codec Configurations within the Anchor.

So, in summary, in Rel-8 the Selected Codec (OoBTC on Nb) and the Available Codec List (OoBTC on Nb) are not provided to the Target MSC at the point in time, when it needs to generate its Codec List (Target MSC Preferred) for the Handover Request towards the Target BSS. 
If we postulate the requirement that the Inter-MSC handover shall in principle operate like an Inter-BSS Handover, then the missing information must be provided within the MAP Prepare Handover Request from the Serving MSC to the Target MSC.
Although BSSAP messages are transferred on the MAP interface the new IEs for AoIP: Codec List (Anchor MSC Preferred), Codec List (Target BSS Supported) and Speech Codec (Target BSS Chosen) are currently excluded by TS 49.008.  Although this specification could be updated to permit these IEs being sent on the E-Interface there are cases where the BSSAP AN-PDU is not available at the Non-Anchor MSC when subsequent Intra-MSC handover occurs.
The first step to improve the Codec Negotiation between Serving-BSS, Anchor-MSC, Target-MSC and Target-BSS is therefore to provide the Target-MSC with the Codec Types and all Codec Configurations supported by Anchor MSC and all nodes to the far end, as negotiated at call set-up – i.e. based on the Available Codec List (OoBTC on Nb) from the prior OoBTC Codec Negotiation for the Nb-Interface.  This is the Supported Codec List (Anchor-MSC on E)). Again it is reasonable that the Selected Codec (OoBTC for Nb) - or a compatible Codec - is on top of this list, because this optimises the likelihood for transcoding free operation after handover. However this list shall not be combined (reduced) by the codecs supported by the MS. 
The Target MSC may filter this Supported Codec List (Anchor-MSC on E) by removing not supported Codec Types or Codec Configurations and take into account the MS supported codecs from the Channel Type IE also and create by that its Codec List (Target MSC Preferred) and send it to the Target BSS in A-Handover-Request. We can assume that the Target BSS chooses the best possible Codec Type and Codec Configuration for the given scenario - as in Inter-BSS Handover. In the optimal case the Selected Codec (OoBTC for Nb) is also chosen by the Target-BSS as Speech Codec (Target-BSS Chosen). 
NOTE: the advantage of providing the MS list independently from the Anchor MSC Available Codecs is that the Target MSC may include codecs supported by the MS that are not supported by the Anchor MSC/far end but which may be better for the local radio access.

This Speech Codec (Target-BSS Chosen) should then be returned to the Anchor-MSC in MAP-Prepare-Handover-Response on MAP level. It needs to be sent to the old, serving BSS as well in BSSAP, this is already provided in Rel-8. The Anchor MSC needs this Speech Codec (Target-BSS Chosen) for at least two purposes: a) for the following OoBTC for the E-Interface and b) for the charging records. Additionally the Target BSS must ensure that the Codecs in the legacy Channel Type IE towards the Target BSS in A-Handover-Request are aligned with the Codecs in the Codec List (Target-MSC Preferred) thus, if any Codec Type or Codec Configuration offered by the Anchor MSC are not supported by the Target MSC, then the associated Codec Type shall also be removed from the Channel Type IE (as already in TS 48.008-Rel-8).

The second step is to perform the Codec Negotiation/Selection for the E-Interface user plane. If BICC or SIP-I with Out-of-Band codec negotiation is supported between the Anchor-MSC and Target-MSC (E-Interface), then potentially TrFO can still be maintained. 
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Figure 2.1: During Inter-MSC Handover in MS-to-MS call

If the Selected Codec (OoBTC on Nb), included in the Supported Codec List (Anchor-MSC on E), was chosen by the Target-BSS (or a compatible one) as Speech Codec (Target BSS Chosen), then we want the Selected Codec (OoBTC on Nb) to also be used on the E-Interface.

If the Selected Codec (OoBTC for Nb) and the Speech Codec (Target-BSS Chosen) are not compatible, then transcoding is required. This transcoding can be inserted either:


a)  
in the Target-MGW (pair of Transcoders), 
    
then the Selected Codec (OoBTC on E) is identical/compatible to the Selected Codec (OoBTC on Nb); or:


b) 
in the Anchor-MGW (pair of Transcoders), 
    
then the Selected Codec (OoBTC on E) is identical/compatible to the Speech Codec (Target BSS Chosen); or:


c) 
with one Transcoder in each MGW (with PCM on the E-Interface), 
   
then all three Codecs are different.
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Figure 2.2: After the Inter-MSC Handover in MS-to-MS call

It is assumed that in most cases the aim would be to signal the Selected Codec (OoBTC for Nb) as the preferred codec in for the negotiation on OoBTC with the BICC/SIP-I protocol and thus localise the transcoding at the Target-MGW, thus allowing a potential subsequent Intra-Serving-MSC handover to align the radio Codec with this codec without any further NNI signalling. Therefore option a) above is the most likely/preferred. However there may be cases for example when the optimal codec has not been selected due to the old serving BSS not supporting it (e.g. AMR-WB) but the Anchor MSC knows that the far end supports a better codec and also the local MS, then potentially the preferred codec in the Supported Codec List (Anchor-MSC on E) may differ from the Selected Codec (OoBTC for Nb) and if this is then selected by the Target BSS then this is also signalled as the preferred codec in the negotiation on OoBTC on E-Interface. 
3
Subsequent (optional) Mid-Call Codec Procedures

Once the Inter-MSC handover is complete, the MAP procedures between Anchor MSC and Serving MSC are normally only used for BSSAP (DTAP) procedures and for the case that an Intra-Serving-MSC Handover changed the radio Codec. 

Mid Call Codec Modification or Mid Call Codec Re-Negotiation should always be performed end to end, i.e. it should not be triggered by the Anchor-MSC, but either by the far-end Serving-MSC or by the Serving-MSC, after the performed Handover.
Therefore changes to the Selected Codec (OoBTC on E) and the Selected Codec (OoBTC on Nb) and to the far end codec would be the result of OoBTC procedures, triggered by the new Serving-MSC, forwarded through the Anchor MSC to the distant Serving-MSC and decided there, maybe even leading to an Intra-BSS Handover on the far-end radio interface, using the Internal Handover Enquiry procedure, as introduced in Rel-8. 
Changes due to subsequent Intra-Serving-MSC handovers in the new Serving-MSC are performed "locally" by the Serving-MSC, typically without the complex OoBTC Re-Negotiation, but if OoTC Re-Negotiation would seem appropriate, then the Serving MSC should trigger it - after handover.

Therefore there seems to be no reason to return the Codec List (Target-BSS Supported) via the Target-MSC to the Anchor-MSC in MAP-Prepare-Handover-Response. 
Use of MAP Forward Access Signalling/Process Access Signalling to change the Target BSS/MS codec is not necessary and in fact can introduce further problems as the codec will be changed prior to the change on the Anchor MSC-Target MSC user plane connection (Nb on E-Interface) and then subsequent OoBTC procedures may not result in selecting this new codec. This would either require additional transcoding which could be worse than the situation before the procedure or it could require that the Handover Enquiry change is reverted.

4
Subsequent Intra- -MSC 3G to 2G Handover

If a subsequent 3G-to-2G handover occurs in the Serving MSC, after the initial Inter-MSC handover was 3G-to-3G (and thus RANAP encapsulated on the E-Interface), then the Anchor MSC and the (now) Serving MSC have already performed OoBTC Codec Negotiation and determined the Selected Codec (OoBTC for E). Also the Available Codec List (OoBTC on E) is available at the now Serving MSC. The list of MS codecs has been received in the Radio Resource Info IE and can then be used along with the Available Codec List (OoBTC on E) to create the new Codec List (Target MSC Preferred). 
This E-Interface may either be a transcoding free connection (all three Codecs compatible) or it may have resulted in PCM on the E-Interface with a pair of transcoders in both MGWs, or Transcoding was inserted at the (now) Serving MGW. Although the Serving MSC has the "Available Codecs List (OoBTC for E)" received from the Anchor MSC at Inter-MSC Handover and can use this for all subsequent Intra-Serving MSC Handovers this list may be not be the accurate OoBTC on Nb list due to the OoBTC negotiations on E interface so it could be preferable to also send the Codec List (Anchor on E) for all handovers not just to 2G.
5
Summary of Inter-MSC Codec Negotiation Requirements

The E-Interface Control Plane consists of three major Signalling Protocol levels: OoBTC, MAP and BSSMAP.
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Figure 3.1: E-Interface Control Plane

In the BSSMAP signalling the Supported Codec List (MS) contains only Codec Types supported by the MS. Target BSS has to know this list. The Anchor MSC has potentially filtered this Supported Codec List (MS), i.e. it may have punctured out some Codec Types on command of the Operator (no Codec Types can be added). This does not include any other preferences or capabilities of the Anchor MSC. It does especially not consider any AMR Configurations and not the Selected Codec (OoBTC for Nb).
A Supported Codec List (Anchor on E) IE on MAP is proposed which is the Available Codecs List derived during the initial OoBTC negotiation at call set-up. It is not dependent on the serving or target radio accesses.

A Speech Codec (tBSS Chosen) IE on MAP is proposed which contains the codec selected by the Target BSS.
While the Handover is prepared, the E-Interface User Plane codec can be negotiated. The OoBTC protocol starts therefore after the Target MSC has responded with this Speech Codec (tBSS Chosen) in MAP-Prepare-Handover-Response.
The following requirements/assumptions are considered in order to enhance the protocols to support codec negotiation during Inter-MSC handover:

1. The old Speech Codec (Serving BSS Used) is of no importance to the target BSS. The target BSS may select any codec, if it fits best overall and signals this to the MS via Target-MSC => Anchor-MSC and Serving-BSS. 
2. The Supported Codec List (Anchor MSC on E) with, in most cases, the Selected Codec (OoBTC on Nb) on top, because the Speech Codec (Target BSS Chosen) should be compatible to it to optimize end-to-end transcoding free operation. This Supported Codec List (Anchor MSC on E) is the only missing information in Rel-8 in the direction Anchor to Target. It should be provided access-independent and therefore on MAP level in Rel-9.
3. The Target MSC removes all Codecs from the Supported Codec List (Anchor MSC on E), which the Target MSC does not support, and also considering the (filtered) Supported Codec List (MS),  thereby creating the Codec List (Target-MSC Preferred) to be sent to the Target BSS in A-Handover-Request.

4. The Target MSC ensures that the Codecs in the legacy Channel Type IE towards the Target BSS in A-Handover-Request are aligned with the Codecs in the Codec List (Target-MSC Preferred) … thus, if any Codec Type or Codec Configuration offered by the Anchor MSC are not supported by the Target MSC, then the associated Codec Type shall also be removed from the Channel Type IE (as already in TS 48.008-Rel-8).

5. This Speech Codec (Target BSS Chosen) must be returned to the Anchor MSC for e.g. Charging Purposes, it should be on Map level. This is the only missing information in Rel-8 in the direction Target to Anchor on MAP. It is, however, already in Rel-8 in BSSMAP present.
6. The Target MSC and the Anchor MSC must then, after the Speech Codec (Target BSS Chosen) is determined, decide on the Selected Codec (OoBTC on E). The Anchor MSC prepares (again) the Supported Codec List (Anchor on E) for the OoBTC Negotiation on the E-Interface. Either the Selected Codec (OoBTC for Nb) or the Speech Codec (Target BSS Chosen) should be on first priority. 
6
Proposed Signalling Solutions
The following figure show the main message flow. .
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Figure 7.1: Inter-MSC Handover 2G-to-2G, with AoIP and OoBTC
7
Conclusions

Only a rather simple MAP protocol extension is required to support the codec negotiation for AoIP between the Target MSC and the Target BSS for Inter-MSC Handover. 
It is sufficient to slightly modify the MAP content the on E-Interface to allow the inclusion of the Supported Codecs List (Anchor on E) in MAP-Prepare-Handover-Request (and then used in ALL Inter-MSC Handover MAP messages, e.g. 2G/3G to 2G/3G) and-the Speech Codec (Target BSS Chosen) in MAP-Prepare-Handover-Response within the AN-APDU. 
An update to TS 49.008 for Rel-9 seems not necessary.
No changes to MAP Forward Access Signalling or Process Access Signalling is needed.

TS 23.153 and TS 23.009 should be updated to describe the handling as listed above. TS 23.009 may further detail the procedures depicted in Figure 7.1 above and maybe some more handover scenarios. 
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tMSC punctures list from aMSC to derive the final Codec List (tMSC Preferred) to send to tBSS.  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