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Abstract of the contribution: 
The alternative “solution D/F” that was selected for SRVCC specification in release 8 was supposed to also handle subsequent SRVCC handbacks from UTRAN/GERAN to E-UTRAN. However, during the specification stage it was agreed to drop the reverse direction from Rel-8 altogether due to time pressure and a number of unresolved issues. This contribution provides references of what was done at that time, and identifies the issues that would need to be solved in order for that solution to meet the requirements applicable in the context of the release 10 study item on rSRVCC from UTRAN/GERAN to E-UTRAN. 
Discussion

As part of the release 8 study item on 3GPP System Architecture Evolution, the alternative solution that was eventually selected for specification (a.k.a. “Alternative D/F” in TR 23.882) was supposed to also cover subsequent handback from UTRAN/GERAN to E-UTRAN. The call flows for subsequent handback were briefly documented in Annex X of TS 23.216 version 1.1.0 (also copied in annex of this document). However, due to the impending Rel-8 freeze and some unresolved technical issues, it was agreed to drop the subsequent handback from Rel-8 and the call flows were removed from subsequent versions of TS°23.216. 

In what follows, we look at the main identified release 10 requirements and analyze whether the solution that was developed in release 8 (i.e. “Alternative D/F”) meets those requirements. Where gaps exist, we identify open issues that would need to be solved to make that solution a possible alternative. 
Note that in release 10, we are also looking at handover from UTRAN/GERAN to HSPA, which was not covered by the release 8 handback solution.

1 - Release 10 requirements

1.1 Architectural requirements
1) Handovers from UTRAN/GERAN CS access to E-UTRAN/HSPA for voice calls initiated in LTE and handed over to 2G/3G CS access as well as for the voice calls directly initiated in 2G/3G CS access shall be supported, provided that the calls have been anchored in IMS at the time of their establishment
Analysis: Not entirely fulfilled by the release 8 solution.

The release 8 solution only enabled subsequent handbacks, i.e. only calls that were originally established via the PS domain on the E-UTRAN side could be handed back to E-UTRAN, and not calls originally established via the CS domain on GERAN/UTRAN.
The main reason for that limitation was that for calls established on the GERAN/UTRAN side there is no guarantee that the call is anchored in an SCC AS. As the solution was based on the existing principles for Service Continuity, which assumes the SCC AS correlates a transfer request with a previously anchored session, without such an anchoring at the time of the call establishment, no handover to PS is possible. 
Proposal: A proposal here would be to limit the usage of rSRVCC  for voice calls initiated on the CS side only in presence of ICS (with both ICS and non-ICS UEs). Calls started on the CS side which are not anchored in the IMS using ICS mechanisms would be considered out of scope for rSRVCC. 

A related open issue is then how the RNS/BSS can identify the calls that are subject to rSRVCC. Note that this open issue was already documented for the handback solution in release 8.
2) The solution shall not require UE and/or RAT capability to simultaneously signal on two different RATs
Analysis: Fulfilled by the release 8 solution.
3) RAT/domain selection/change shall be network initiated and under network control.
Analysis: Fulfilled by the release 8 solution.

4) RAT/domain selection/change may be restricted to some access systems and some subscribers, depending on operators' policies, network and UE capabilities.
Analysis: This requirement is similar to the next one (item number 5). See analysis below.
Proposal: See 5) below.
5) It shall be possible for operators to restrict and disable the handover of voice calls to PS domain.
Analysis: Not addressed in the release 8 solution. 

Proposal: This issue seems solvable: rSRVCC related subscription information can be added to the existing subscription information provided by the HSS to the MSC. Besides, the UE can provide its rSRVCC capability to the MSC at Attach for instance. 

Based on that extra information, on configured policies, and possibly some other information, the MSC can instruct the RNC/BSS whether rSRVCC is a possible option for a given UE.
6) In roaming cases, the Visited PLMN should control the RAT/domain selection/change while taking into account any related HPLMN policies. In particular, the HPLMN shall be able to restrict handover to PS domain for a given VPLMN.
Analysis: Not addressed in the release 8 solution.

Proposal: Following the proposal in 5) above, the MSC (located in the VPLMN) would be the entity that controls whether or not to enable rSRVCC from UTRAN/GERAN to E-UTRAN. The HPLMN policies could be provided to the MSC as part of the Attach procedure/Location Area Update procedure, and taken into account when instructing the RNS/BSS to consider E-UTRAN cells for handover.
7) Inter-domain handover in the VPLMN should be performed without significant amount of signalling to the HPLMN.

Analysis: Fulfilled by the release 8 solution.

The only signalling going up to the HPLMN is the IMS signalling used for access transfer.

8) Impacts to Rel-8 SRVCC mechanisms shall be minimized.
Analysis: Fulfilled by the release 8 solution.
Proposal: The release 8 solution seems to offer a maximum reuse of the mechanisms defined for service continuity and SRVCC.

9) In case of active PS bearer(s) on UTRAN/GERAN, PS handover to E-UTRAN/HSPA as specified in TS 23.401 shall take place in conjunction with SRVCC to E-UTRAN/HSPA, and SRVCC shall not impact the PS handover.
Analysis: This was addressed in the release 8 solution, for handover to E-UTRAN.
1.2 Release 10 performance requirements

1) The user experience shall be as far as possible unaffected by the change of domain and  RAT. The RAT change procedure executed to enable service continuity for an  established voice call shall target an interruption time not higher than 300  ms.

Analysis: Not fulfilled by the release 8 solution. 
The Release 8 solution is a “break-before-make” solution: the IMS-level session transfer initiation is performed only after the UE has tuned to E-UTRAN. As such, it is very unlikely that it can meet the 300ms target for the interruption time, especially for the GERAN=>E-UTRAN scenario, where LTE physical layer information for the target LTE cell may not be available on the source side. 
Proposal: It seems it will be difficult to reach the 300 ms requirement while keeping the architecture that was under consideration in release 8. 
2 -Conclusion and proposal

The analysis shows that the solution proposed in release 8 for handback from UTRAN/GERAN to E-UTRAN does not fulfil all the requirements that exist in the rSRVCC study for release 10. Most of them can be fixed, but it is unlikely that the performance requirement will be met.

On the other hand, it presents the advantage that it builds on the existing architecture, and that the changes incurred to existing nodes are relatively minor. 

We would therefore propose that this solution is added as an alternative solution to TR 23.8xx, which can be used as a benchmark which the other solutions can be compared to. 
Annex: Call flows for rSRVCC from TS°23.216 v1.1.0

Annex X (Informative): Call Flows for Subsequent SRVCC Handback to E-UTRAN
 Editor's note: this annex is a temporary storage for call flows for subsequent SRVCC handbacks to E-UTRAN. If there is neither agreed solution for co-existence with calls initiated in the CS domain nor agreed solution for SRVCC to E-UTRAN for calls initiated in the CS domain, this annex should be deleted.

The call flows in this annex assume that the voice calls were initiated in E-UTRAN.

If the MSC Server enhanced for SRVCC controls the source BSS/RNS, the steps depicted with dot-dashed arrows are not executed and the functions of the MSC Server enhanced for SRVCC are merged with those of the source MSC.

X.1
Subsequent SRVCC handback from GERAN without DTM/PSHO support to E-UTRAN
Depicted in Figure X.1-1 is a call flow for subsequent SRVCC handback from GERAN without DTM/PSHO support to E-UTRAN.
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Figure X.1-1: Subsequent SRVCC handback from GERAN without DTM/PSHO support to E-UTRAN
At the beginning of the call flow the UE is IMS registered over a suspended PS bearer (the latter was suspended during the E-UTRAN to GERAN SRVCC procedure).
Editor's note: co-existence of this call flow with calls initiated in the CS domain is FFS.
1. Based on UE measurement reports the source BSS decides to trigger a handover to E-UTRAN.

2. Source BSS sends a Handover Required (Source to Target Transparent Container) message to the source MSC.

3. Source MSC executes the inter-MSC handover procedure by exchanging Prepare Subsequent HO Request/ Response messages with the MSC Server. The MSC Server signals successful subsequent CS handover without allocating any E-UTRAN resources.

4. Source MSC sends a Handover Required Acknowledge message to the source BSS.
5. Source BSS sends a Handover Command to the UE.

6. UE re-tunes to E-UTRAN radio and performs a TAU procedure if required (e.g. due to UE mobility under CS coverage). UE uses the Active flag in the TAU Request to resume the suspended SIP signalling bearer and any other suspended non-voice bearers.
7. If the TAU procedure was not performed in the previous step, UE performs a Service Request procedure in order to resume the suspended SIP signalling bearer and any other suspended non-voice bearers.
8. Subsequently UE initiates the Session Transfer procedure e.g. by sending a SIP INVITE (VDI) message to the VCC application. Standard IMS Service Continuity procedures are applied for execution of the Session Transfer, see TS 23.292 [13] and TS 23.237 [14]. As part of this procedure the remote end is updated with the SDP of the IMS access leg. The downlink flow of VoIP packets is switched towards the PDN GW at this point.
9. The IMS triggers a network-initiated dedicated bearer activation for the voice component.
10. The IMS releases the CS access leg which result in release of resources in the MSC Server.
X.2
Subsequent SRVCC handback from UTRAN or GERAN with DTM/PSHO support to E-UTRAN

Depicted in Figure X.2-1 is a call flow for subsequent SRVCC handback from UTRAN or GERAN with DTM/PSHO support to E-UTRAN, including the handling of the non-voice component. E-UTRAN neighbouring cells have to be configured in UTRAN/GERAN for the purpose of measurements.
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Figure X.2-1: Subsequent SRVCC handback from UTRAN or GERAN with DTM/PSHO support to E-UTRAN
Editor's note: co-existence of this call flow with calls initiated in the CS domain is FFS.
1.
Based on UE measurement reports the RNS decides to trigger a handover to E-UTRAN.

2.
Source RNS initiates PS relocation. The following steps are performed:

a) Source RNS sends a Relocation Required (Source to Target Transparent Container) message to source SGSN.
b) Source SGSN sends a Forward Relocation Request message to the target MME including information about the non-voice component only.
3.
In parallel to the previous step, the source RNS initiates CS relocation. The following steps are performed:

a) Source RNS sends a Relocation Required (Source to Target Transparent Container) message to the source MSC.

b) Source MSC sends a Prepare Subsequent HO Request to the MSC Server.
c) MSC Server sends a Forward Relocation Request (Source to Target Transparent Container) message to the target MME.

4.
Target MME synchronises the two Forward Relocation Request messages and requests resource allocation for the non-voice component only by exchanging Handover Request/Acknowledge messages with the target E-UTRAN.
5.
Target MME acknowledges the prepared CS relocation towards the source access. The following steps are performed:

a) Target MME sends a Forward Relocation Response (Target to Source Transparent Container) message to the MSC Server.

b) MSC Server sends a Prepare Subsequent HO Response to the source MSC.
c) Source MSC sends a Relocation Required Acknowledge (Target to Source Transparent Container) message to source RNS.

6.
In parallel to the previous step, the target MME acknowledges the prepared PS relocation towards the source access. The following steps are performed:

a) Target MME sends a Forward Relocation Response (Target to Source Transparent Container) message to the source SGSN.

b) Source SGSN sends a Relocation Required Acknowledge (Target to Source Transparent Container) message to the source RNS.

7. Source RNS synchronises the two Relocation Required Acknowledge messages and sends a Handover from UTRAN Command message to the UE.

8. UE re-tunes to E-UTRAN radio and sends a Handover to E-UTRAN Complete message to the E-UTRAN.

9. Target E-UTRAN informs the target MME by sending a Handover Notify message.

10. Target MME completes the CS relocation. The following steps are performed:

a) Target MME sends a Forward Relocation Complete message to the MSC Server. MSC Server acknowledges the information by sending a Forward Relocation Complete Acknowledge message to the source MME.
b) MSC Server sends a Handover Complete message to the source MSC.

11. In parallel to the previous step the target MME completes the PS relocation. The following steps are performed:
a) Target MME exchanges Forward Relocation Complete / Acknowledge messages with the source SGSN.

b) Target MME performs the Update bearer procedure with the Serving GW and the PDN GW. At this point the relocation of all non-voice PS bearers is completed and the user data are flowing across E-UTRAN access in both directions.

12. UE performs a TAU procedure if required (e.g. due to UE mobility under CS coverage).
13. Subsequently UE initiates the Session Transfer procedure e.g. by sending a SIP INVITE (VDI) message to the VCC application. Standard IMS Service Continuity procedures are applied for execution of the Session Transfer, see TS 23.292 [13] and TS 23.237 [14]. As part of this procedure the remote end is updated with the SDP of the IMS access leg. The downlink flow of VoIP packets is switched towards the PDN GW at this point.
14. The IMS triggers a network-initiated dedicated bearer for the voice component.
15. The IMS releases the CS access leg which result in release of resources in the MSC Server.
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