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Abstract of the contribution: This paper provides a high level analysis of the various architecture solutions documented for Single Radio VCC in TR 23.882 that are based on the Inter-MSC handover principle, and recommends a possible way forward. The solutions under consideration include D-1, D-2, and F-1. 
Discussion
TR 23.822 currently documents quite a few architecture solutions for Single Radio VCC; some of them are related to each other because of a common underlying principle. One of these common underlying principles is the Inter-MSC handover principle supporting bi-directional handovers which is used in alternative solutions D-1, D-2, F-1. A high level analysis of this subset of Single Radio VCC solutions is provided below.
1 Alternative D-1
Alternative D-1 includes both non-optimized and optimized call flows for bi-directional voice call continuity. The non-optimized D-1 solution has several undesirable features that were noted previously:
· Introduces important modification in SIP signalling (e.g. transport of radio access network information such as cell id, MSC id and embedded handover commands).
· Introduces a new message for handover signalling, namely the Handover Required message from the MME to the UE.

· Adds handover MAP interface to the VCC Application Server.

· In roaming scenarios incurs more HO-related signalling across the roaming boundary than other inter-MSC handover alternatives.
· Before bearer optimisation is invoked in the roaming case, the bearer plane after CS=>IMS HO goes back-and-forth across the roaming boundary.
The optimized D-1 solution removes most of the undesirable features from the non-optimized D-1 solution. It has the following features:
· Adds handover MAP interface to the VCC Application Server.

· In roaming scenarios incurs more HO-related signalling across the roaming boundary than other inter-MSC HO alternatives.
The optimized D-1 solution for LTE to CS handover requires the CS proxy to obtain the UE’s MSISDN and the VCC Application PSI through means such as subscriber data received from the HSS during Network Attachment. A CS Security context must also be generated at both the CS Proxy and the UE while the UE is camped in the LTE domain prior to handover.
2 Alternative D-2
Alternative D-2 introduces an additional MGW/MGCF and SIP UA function associated with the CS Proxy to assist in both signalling and bearer path routing for a LTE to CS handover. The advantage of adding this feature to the CS Proxy is that it eliminates the two most objectionable features of Alternative D-1, namely the need for a MAP interface to the VCC Application Server and excessive HO-related signalling across the roaming boundary in a roaming scenario.
Alternative D-2 has an approach that requires an additional message exchange between the LTE access network and the UE to obtain a VDN from the UE for use by the CS Proxy in obtaining the VCC Application PSI. This additional messaging exchange can be viewed as undesirable and, as a result, an alternative solution named “VDN-plus” was also proposed for Alternative D-2.
As was the case for the optimized D-1 solution, the alternative “VDN-plus” solution for LTE to CS handover requires the CS proxy to obtain the UE’s MSISDN and the VCC Application PSI through means such as subscriber data received from the HSS during Network Attachment. A CS Security context must also be generated at both the CS Proxy and the UE while the UE is camped in the LTE domain prior to handover.

The Alternative D-2 handover flow from LTE to CS shows the initiation of domain transfer by the VCC Application prior to instructing the UE to handover to the target CS network. If for some reason the UE is unsuccessful in accessing the CS network, it will be more difficult to revert back to the LTE network and resume its voice session. All but one of the other Inter-MSC handover alternatives initiate domain transfer after the HO Detect message is received by the CS Proxy from the CS network. The one exception is the scenario for Alternative F-1 that adds a bi-casting feature for the PS bearer.
The Alternative D-2 handover flow from CS to LTE is incomplete in that it doesn’t show the signalling that is required to create the access leg to the UE in the LTE network, to update the VCC Application and to update the correspondent node. Until these steps are added, the flow is not resumed on the LTE network. Presumably this signalling would be initiated by having the UE send an INVITE message using a VDI (identical to the CS to IMS domain transfer procedure in TR 23.206) after it has sent the HO Complete message to the MME.          
3  Alternative F-1
Alternative F-1 is similar to Alternative D-2 in that it also introduces an additional MGW/MGCF and SIP UA function associated with the PCHCF to assist in both signalling and bearer path routing for a LTE to CS handover. The non-optimized bearer preparation approach to F-1 has a handover flow that can be considered comparable to the “VDN-plus” solution for D-2, especially if the “VDN-plus” solution is modified to initiate domain transfer after the HO detect message is received.

As was the case for the optimized D-1 solution and the “VDN-plus” D-2 solution, the F-1 solution for LTE to CS handover requires the PCHCF to obtain the UE’s MSISDN and the VCC Application PSI through means such as subscriber data received from the HSS during Network Attachment. A CS Security context must also be generated at both the PCHCF and the UE while the UE is camped in the LTE domain prior to handover.

Alternative F-1 introduces the use of IMS Centralized Services to provide post-handover service continuity. However, although the IMS Centralized Services (ICS) is acknowledged to be a beneficial feature for service continuity, it does not directly impact SR-VCC handover signalling and it could be used by the other alternative Inter-MSC handover solutions as well. In other words, the IMS Centralized Services could be easily supported by D-1 and D-2.
Alternative F-1 also introduces an optimized bearer preparation approach that requires enhancing Rel-7 VCC to utilize a MRF for enablement of downlink bi-casting of bearer packets upon initiation of handover from LTE to CS. This added bi-casting capability does not appear to provide a lot of benefit given that it does not apply to uplink packets, nor can it be used in SR-VCC handovers from CS to LTE. In addition, since bi-casting takes place in the HPLMN, it forces the bearer path to have some anchoring in the HPLMN even if there is no handover from the LTE network, which may be associated with a VPLMN. Finally, the signal flows for the F-1 optimized bearer preparation do not show how bi-casting is disabled once a LTE to CS handover is complete.
No CS to LTE handover flows were illustrated for Alternative F-1 in TR 23.882 V1.12.0. It is assumed that this handover flow in F-1 will resemble that of D-2 with the addition of a UE initiated INVITE message using a VDI, as suggested above, to create the access leg to the UE in the LTE network, to update the VCC Application and to update the correspondent node.  

Recommendations

A recommended way forward is to merge the “VDN-plus” approach in Alternative D-2 with the non-optimized bearer preparation approach in Alternative F-1. The method for obtaining the UE’s MSISDN and VCC Application PSI at the CS Proxy (PCHCF) as well as the CS Security Context at the CS Proxy (PCHCF) and UE that are suggested in the optimized Alternative D-1 approach should also be taken into consideration.
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