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1
Introduction

Contribution S2-080442 summarises the main differences between alternative E and the combined alternative D/F according to the evaluation criteria agreed in the last meeting. This paper elaborates on some additional aspects that need to be taken into account, and primarily on the following:
· Operational efficiency;

· Potential for race conditions;
· Possible impact on deployed MSCs;

· Other...

Also discussed is the commonality between Alt E and the 1xRTT solution, the conclusion being that Alt E is sufficiently different from the 1xRTT solution in order to be able to make any practical benefit.
The discussion here is mainly focused on the IMS=>CS direction, because the opposite direction does not seem to be relevant for comparison due to the similarities between the two solutions.

2
Operational efficiency - General
One major difference between Alt E and Alt D/F is that with Alt E there is a need for explicit signalling between the UE and the network ahead of any handover. This signalling (further referred to as “SR VCC Preparation” phase) is required because with Alt E the UE needs to perform CS attach (i.e. LA Update transaction) at least, and possibly also Service Request, Security Mode Command and some Call Control signalling, while connected to EUTRAN. Note that this is different not only from Alt D/F (where no such beforehand signalling is needed), but also different from the proposed solution for 1xRTT (where the Call Control signalling with the CS domain is initiated only upon handover).

According to the latest consolidated Alt E architecture that the authors are aware of, the UE starts the SR VCC Preparation when two criteria are met: 1) UE is engaged in IMS VoIP session, and 2) UE is within “SR VCC area”. The indication about the latter is provided to UE by the EUTRAN and refers to an area where SR VCC may occur.

It is clear that due to mobility the UE may dynamically enter and exit the “SR VCC area”, regardless of how this area is exactly defined. When the UE exits the “SR VCC area”, the UE is supposed to execute a “SR VCC Preparation Release” procedure. The same procedure is performed when the IMS VoIP session is terminated even if the remains within the “SR VCC area”. This behaviour affects the MSC’s CS call statistics by increasing the rate of unsuccessful calls.
It can be concluded that Alt E may cause significant signalling burden on the network (e.g. every time the UE enters/exits an “SR VCC area” with an active IMS VoIP session, or every time it starts/finishes an IMS VoIP session while inside an “SR VCC area”). In case the SR VCC domain transfer does not occur, this signalling will be totally useless. The exact amount of such useless signalling requires more detailed study because it depends on several factors (e.g. exact definition of “SR VCC area”, deployment scenarios, etc), however it is worth noting that no such issue exists with either Alt D/F or the 1xRTT solution.
Also worth noting is that the “SR VCC Preparation” signalling involves not only the EUTRAN and the MME, but also the HSS (notably for user authentication along with the LA Update). We believe that it is highly undesirable to “bother” the HSS with signalling related to “potential handovers” (that may or may not occur in the near future) and is not needed otherwise. Note that with Alt D/F, the MAP Update Location (if any) is performed only upon the actual SR VCC domain transfer.
During the VoIP call a signalling relation needs to be maintained between MME and IWF per UE. Otherwise the pending CS call cannot be released in error cases. Using just containers on S3’ seems not sufficient.

For S3’ mobility needs to be implemented unless SR VCC service areas are always completely within an MME service area. In other words, if MME Relocation occurs while the SR VCC UE is still within a "SR VCC Area" and engaged in IMS VoIP session, the UE needs to re-execute this SR VCC Preparation phase. Apart from the additional signalling load, this also brings issues like clearing up of the previous SR VCC Preparation context, and notably, which entity cancels the old context: UE or the old MME? If it is the UE’s responsibility, then how is it possible to ensure that the SR VCC Preparation Cancellation procedure is completed in the middle of the MME relocation (potential for race conditions)? If it is the old MME’s responsibility, then how does this impact UE’s 24.008 protocol stack, given that the UE needs to send a new SETUP message, without sending a DISCONNECT message first? Similarly, it is unclear whether the UE also needs to re-execute the LA Update procedure, especially so if the target MME has re-selected a different IWF.
In some specific scenarios the “SR VCC Preparation” phase may incur particularly adverse signalling load conditions that need to be carefully considered. This is the case where a massive number of active users enter or exit the “SR VCC area” simultaneously (e.g. a train arriving or leaving a station).
3
Operational efficiency – IMS Centralised Services

Both Alt E and Alt D/F are compatible with ICS. Differences exist with regards to how I1-cs is used (Note: I1-cs is the IMS CS Control Channel between the UE and the ICCF used for service control etc when accessing IMS services via the CS domain).

Both Alt E and Alt D/F can support “transparent” I1-cs signalling i.e. USSD transport with USSD messages exchanged between UE and ICCF via the HSS. Signalling optimisations for transparent I1-cs to bypass the HSS hop could be allowed as a built-in feature with Alt D/F (e.g. by having the IWF exchange USSD messages with the ICCF directly); whereas Alt E will require deployment of ICS enhanced MSCs to achieve this type of optimisation.
Alt D/F additionally allows for “non-transparent” I1-cs signalling i.e. USSD transport with USSD messages terminated at the IWF and then converted into SIP signalling towards the ICCF (refer to the ICS enhanced MSC (IMSC) approach described in Section 6.8a of TR 23.892). In this approach too there is no ICS-related signalling going through the HSS. Alt E can also support “non-transparent” I1-cs signalling, however, this again is possible only if the VPLMN operator deploys ICS enhanced MSCs in his network.

In conclusion, while both alternatives are compatible with the “transparent” I1-cs and the “non-transparent” I1-cs approach, only the Alt D/F allows for optimised I1-cs signalling (i.e. signalling that does not involve the HSS) as a built-in feature, whereas Alt E requires deployment of ICS enhanced MSCs in addition to the IWF in order to achieve the same type of optimisation.
4
Potential for race conditions

By definition, the radio-level handover (e.g. EUTRAN-GERAN) and the domain transfer (CS-IMS) are two distinct procedures, the former being network-controlled and the latter being UE-controlled. This requires some sort of coordination between the two in order to avoid race conditions.
With Alt D/F the problem is solved by having the domain transfer executed by the network on behalf of the UE in the middle of the handover procedure. Namely, the IWF establishes the target VCC access leg on behalf of the UE, either via ISUP signalling (distributed services variant) or via SIP REGISTER/INVITE (ICS variant).
With Alt E the target (CS) access leg is still established by the UE. In order to solve the coordination problem, the latest Alt E proposal stipulates that the UE should always start the CS access leg setup (CC SETUP message) at the end of the “SR VCC Preparation” phase. This SETUP message is then buffered at the IWF and is “unbuffered” only when the radio-level handover preparation occurs.
However, with Alt E it is unclear what happens if the radio-level handover occurs before the completion of the “SR VCC Preparation” procedure. In our understanding any such HO attempt will yield dropped calls.
One possibility to address the problem is to have the IWF delay the handover preparation signalling until the SR VCC Preparation is completed; however, there is no guarantee that the timer supervising the handover preparation will not expire before the SR VCC Preparation is complete.
Another possibility to address the problem is to make the eNodeB aware of the “ongoings” inside the UE-IWF tunnel, so that the eNodeB refrains from triggering a handover preparation until the SR VCC Preparation phase is complete. However, this puts an additional functionality on the eNodeBs to support the SR VCC feature.
5
Commonality with the 1xRTT solution

The comparison table in TR 23.882 contains a row titled “Commonalities with the 1xRTT solution”. The motivation for such an analysis criterion was that the commonalities between the GSM/UMTS and the 1xRTT solution might be considered as an advantage for Alt E because it shares a common high-level principle with the 1xRTT solution.
However, a careful analysis (already hinted in the previous sections of this paper) shows that Alt E shares only one high-level principle with 1xRTT, namely: the UE triggers CS Call Control signalling within a tunnel while attached to EUTRAN. The differences are in the details:
· With 1xRTT the CS Call Control signalling (i.e. the ORIGINATION message, analogous to the CC SETUP message) is sent by the UE upon handover;
· With 1xRTT there is no need for explicit over the air, CS Attach procedure (cf. LA Update) and the associated Authentication and Security Mode Command procedures, because the 1xRTT MSC can implicitly register the UE;
· As a consequence, with 1xRTT there is no notion of “SR VCC area”, “SR VCC Preparation” phase and “SR VCC Preparation Cancellation” phase; this means that there is no issue with additional (possibly wasteful) signalling for the “SR VCC Preparation” etc and no issue with race conditions;
· Finally, with 1xRTT the eNodeB is likely to be a standard eNodeB, unaware of the semantics of the tunnelled signalling, which may not be the case with Alt E (refer to discussion on race conditions and how to prevent them in the previous section).
6
Number of affected Network entities
For Alt E the UE, the eNB, the MME and the IWF need to provide specific functionality and new protocols need to be defined. For Alt D/F specific SR VCC functionality needs to be defined for UE and IWF. Thereby specification and deployment is better manageable. 

7
Possible impact on deployed MSCs
According to the latest Alt E proposal, during the “SR VCC Preparation phase” the UE completes the LA Update, Service Request and Security Mode Command procedures, and then sends the CC SETUP message that gets buffered at the IWF (and is “unbuffered” only when the radio-level handover preparation occurs). The SETUP message may remain buffered for significant amount of time (e.g. minutes and even hours) in case the UE remains engaged in a VoIP call and the radio level handover never occurs.

From the MSC perspective this means that between the successful completion of the Service Request procedure (indicating Mobile Originated call as a service request type) and the actual arrival of the CC SETUP message there can be a significant time gap (cf. minutes, hours). It is our understanding that typical MSC implementations in the field use timers to supervise the time gap between the Service Request and the related SETUP.

This means that existing deployed MSCs would need to be modified in order to make Alt E work at all.
8
Interworking with the GERAN solution

As captured in the partial conclusions in TR 23.882, SA2 is working on solutions that do not rely on any of the following GERAN features: DTM, PS handover or VoIP related enhancements (a.k.a. Scenario 1). At the same time, Combinational VCC type of solutions can be used if the target network supports DTM, PS HO or VoIP related enhancements.

As captured in the SA2 LS to GERAN (S2-075842), once the solution for Scenario 1 is agreed, SA2 will study how the two solutions can co-exist, in particular if they can coexist in the same network.

In this section we focus on the co-existence aspect and in particular for the IMS=>CS direction. The co-existence problem between the “SA2 solution” and the “GERAN solution” can be summarised as follows: if the target cell support DTM operation, PS handover and/or VoIP related enhancements then the “GERAN solution” may be used (possibly also depending on operator’s preferences or network configuration), otherwise the “SA2 solution” shall be used. (Note: target 3G cells support “DTM operation” and PS handover by default; support for VoIP RABs may not be universally available though – if it is, then 3G cells may always be considered as candidates for the “GERAN solution”).

What does this exactly mean in the context of E vs D/F debate? In either case the “SA2 solution” requires that the VoIP session receive a special treatment in that it goes through a PS-to-CS transformation, whereas all other non-voice sessions remain in the PS domain. In contrast, the “GERAN solution” hands all sessions over to the target network, and the latter decides whether to keep all sessions in the PS domain or trigger the PS-to-CS transformation for the VoIP session via a VCC domain transfer.

With Alt D/F the co-existence problem can be approached easily by having the IWF decide on call-by-call basis whether to single out the VoIP session from the rest and apply a special PS-to-CS treatment to it, or whether to proxy all handover preparation signalling towards the target SGSN. The decision would be made based on the target cell capability that may be either configured at the IWF or made known otherwise (e.g. signalled along with the radio handover preparation).

With Alt E the situation is trickier because of the “SR VCC Preparation” phase, which is required only for the “SA2 solution” and is incompatible with the “GERAN solution”. In principle, the indication of “SR VCC area” could be sent to the UE only when the candidate target cells are not capable of the DTM, PS HO and/or VoIP optimisations. However, there seems to be no solution for the case of heterogeneous target network in which only part of the candidate target cells support the enhanced features (e.g. mixed 2G/3G environment).

9
Conclusion and proposal

Given the analysis in this paper, it is proposed that the combined Alt D/F be used as a basis for SR VCC with GSM/UMTS.
*** Start of 1st change ***
7.19.1.10
Conclusions on Voice call continuity between IMS over SAE/LTE access and CS domain
It is concluded to base the further SR VCC work between LTE and legacy CS systems on the combined alternative D/F.

*** End of 1st change ***
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