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1. Introduction

This P-CR is proposing to add the conclusion that LCLS shall be stopped when there is a handover to an incompatible codec.

2. Reason for Change

It needs to be decided how to handle LCLS calls when there is a handover to an incompatible codec. The conclusion should be added to Clause 7 in TR 23.889.

3. Conclusions

<Conclusion part (optional)>

4. Proposal

It is proposed to agree the following changes to 3GPP TR 23.889, version 1.0.0.

* * * First Change * * * *

7.2
Local Handover to Incompatible Codec

7.2.1
Local Handover to Incompatible Codec: General Considerations

Here it is assumed that the call was established with local switching. That means the Codec Types and Codec Configurations on both radio legs are either identical or compatible. 
Examples are: oEFR<=>tEFR or oFR_AMR(Set1)<=>tHR_AMR(Set1). 

Now - for whatever reasons - one radio leg (again the originating one is used as example here) would need to perform a handover to an oBTS that does not support a compatible Codec Type / Configuration. 
Example: oEFR<=>tEFR is the initial case and then one side is to be handed over to oHR creating a mismatch between oHR <=X=>tEFR which needs to be resolved.  
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Figure 7.2.1.1: Local Handover to an incompatible Codec: How?

This kind of handover is allowed in legacy AoTDM architectures without LCLS. The MSC Server is then not informed beforehand. The MSC Server is just informed after the handover was executed. But in these cases the BSS uses anyway two Transcoders, i.e. the detailed Codec constellation is oEFR<=>PCM<=>tEFR before the handover and oHR<=>PCM<=>tEFR after the handover. That is OK, but has the drawback of transcoding costs and quality loss.

This kind of handover is not allowed in AoIP, if "Full IP" is applied on the A-Interface, because the Codec Type / Configuration within the oMGW must be modified accordingly.

This kind of handover is - in principle - also not allowed, if Local Switching was applied, regardless what was used on the A-Interface (AoIP or AoTDM), because transcoding is necessary between both radio legs and we assume that the Transcoders are not located at the BTS side, but - maybe - at the BSC side or within the MGWs. 

7.2.2
Local Handover Solution 1 - Local Handover to Incompatible Codec with LCLS interrupted

7.2.2.1
Technical Description of Local Handover Solution 1

Editor's Note: this should be further clarified that it also applies to AoTDM

The first solution here is that oBSS first breaks LCLS (details are not discussed here), then sends an Internal Handover Required to the oMSC Server and the Internal Handover Execution is performed as described in TS 48.008 for AoIP. Of course that requires the Abis and A-Interfaces on both sides of the call (oAbis and tAbis, oA and tA): a substantially higher load for the potential satellite links and a substantially higher speech path delay. oMGW has to insert a pair of Transcoders (HR<=>PCM<=>EFR) and the speech quality drops accordingly. Figure 7.2.2.1.1 shows this scenario.
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Figure 7.2.2.1.1: Local Handover to an incompatible Codec: break LCLS

7.2.2.2
Pros and Cons of Local Handover Solution 1

This solution is a natural outcome of the provided tools "LCLS break" and "Internal Handover with MSC support". It does not need any additional support and is included in a potential LCLS solution.
7.2.3
Local Handover Solution 2 - Local Handover to Incompatible Codec with Transcoding in BSS

7.2.3.1
Technical Description of Local Handover Solution 2

Another alternative could be that oBSS inserts a pair of transcoders and virtually - for the Core Network - the Local switch is maintained. This is shown in figure 7.2.3.1.1.
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Figure 7.2.3.1.1: Local Handover to an incompatible Codec: Transcoding in BSS

7.2.3.2
Pros and Cons of Local Handover Solution 2

It is obvious that this is not reasonable, because it misses all goals of the original idea: there are transcoders involved in the BSS, there are two Abis-links involved, the voice quality is low, the delay is high. 
So we can just note: this is not reasonable and is not followed further.

7.2.4
Local Handover Solution 3 - Local Handover to Incompatible Codec by asynchronous Double Handover

7.2.4.1
Technical Description of Local Handover Solution 3

Still the question is: Can we improve this? Can we maintain or re-establish LCLS also for such cases where the Codec changes? Note: if AMR would be used, then at least all handovers between FR_AMR and HR_AMR would work well, see chapter 7.1.

Obviously LCLS without transcoding is only possible, if the other radio leg would also perform a handover to the same or a compatible new Codec Type/Configuration. In our example the original EFR<=>EFR must be double-handed-over to HR<=>HR and - that is very important - the Core Network needs to be involved as well to prepare the path through the Core Network for the potential LCLS break. 

Requirement: for AoIP it is not allowed to use a certain Radio Codec in LCLS that is not also supported by the Core Network Access MGW. 
Reason: Otherwise a break of LCLS is not guaranteed and the call might fail later. 

The simplest, well known and safe solution is to perform this double-handover in several steps: 
first perform a break of LCLS, then an Internal Handover Execution for the one MS, then an Internal Handover Execution for the second MS, then the re-establishment of the Local Switch. The common BSS could initiate and trigger all these actions, it seems not necessary to involve new Inter-MSC Server signalling.

7.2.4.2
Pros and Cons of Local Handover Solution 3

What are the drawbacks here: 
The break of LCLS is assumed to cause an sharp increase in round trip delay of about 600ms: that is clearly audible. It further causes a sudden load increase on any satellite links and through the Core Network. The first and second Internal Handover Executions cause load for both MSC Servers and MGWs. Two pairs of Transcoders are necessary, one pair in each MGW. Because the BSS-MSC Servers need to execute the Control Plane signalling through the Satellite link these handover signalling takes quite a while, which in some sense degrades the radio performance. The Core Network was typically at call setup prepared for the common Codec (in our example the EFR) and it is currently common practise to keep this Codec constant within the internal Core Network links during the call. The Codec Constellation after the second handover is therefore (most likely): HR<=>PCM<=>EFR<=>PCM<=>HR and this does not provide the best quality we can think of (the eModel, see ITU-T Recommendation G.108 [7], estimates this to about MOS=2.2, excluding radio errors). Finally, after the re-establishment of the LCLS in HR the round trip delay sharply decreases again and the speech quality improves substantially (eModel: MOS=3.6, see ITU-T Recommendation G.108 [7],  excluding radio errors), while the original quality was EFR<=>EFR (eModel: MOS=4.3, see ITU-T Recommendation G.108 [7], excluding radio errors).
7.2.5
Local Handover Solution 4 - Local Handover to Incompatible Codec by synchronous Double Handover

7.2.5.1
Technical Description of Local Handover Solution 4

Another alternative: synchronized double-handover of both terminals, with prior or parallel or later negotiation with the Core Network for the target Codec Type/Configuration.

Assuming the MSC Server has indicated support for the new, target Codec Type/Configuration within the most recent Assignment Requests or Handover Requests and the necessary resources are still granted within the MGWs. Then the BSS can start immediately to execute the double handovers. When these are both successfully performed, then the MSC Server is informed by "Handover Complete" and the MSC Server prepares the MGW accordingly for the potential LCLS break. It is not required (but possible) that the MSC Server invokes a "Mid-call Codec Renegotiation" to align the path through the Core Network with the same Codec Type for a potential later LCLS break. This would remove the transcoder-pairs and optimize the voice quality for a potential LCLS break.

It is left for BSS-implementer skills how a double, synchronized handover may be implemented. But whenever the two radio-leg-pairs execute their handovers within less than 600ms time difference, then the resulting speech path interruption is already better than in the procedure described above in chapter 7.2.4. 

7.2.5.2
Pros and Cons of Local Handover Solution 4

The load on the Abis and A-Interface would not occur; the double delay jumps would not occur; the handover signalling on A-Interfaces and transcoding effort would not occur; all in all a quite substantial improvement. This is in many respects the best of all discussed alternatives. It fulfils GERAN-Assumption #18 (see chapter 5.1).

But there are several weak points that need further studies:

1.
the MSC Servers could reject (in parallel or later) the new target Codec for whatever (unlikely) reasons on one or both A-Interfaces, then an LCLS break would not be possible;

2.
one of the synchronized Handovers could fail: then the call is interrupted; either the failed handover is retried and successfully executed (long speech interruption) or the other handover is taken back - but is that possible? Wasn't there an urgent need for this troublesome handover?

What happens if the Handovers coincide with supplementary services?
7.2.7 Conclusion regarding handover to incompatible codecs
As shown above there are pros and cons of 3 of the solutions described how to handle handovers when the codec on the new target call leg is incompatible with the established codec. However, there are no pros of Solution 2, where oBSS inserts a pair of transcoders and therefore Solution 2 is not seen reasonable. Solutions 3 and 4 to do synchronous or a synchronous handovers to establish new compatible transcoder pairs are more or less complex and may cause big and short time fluctuations in speech quality such as delay variations, echos and risk of loosing speech data, eg when the A-interface is over satellite links. The simplest solution is the first one described to stop or not allow LCLS if the codecs after handover are not compatible.
The conclusion is that only Solution 1 to stop or not allow LCLS after handover to an incompatible codec should be the standardized solution. Solutions 3 and 4 are not standardized but can be implemented as propriatary solutions.
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