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Abstract of the contribution: This paper provides a brief comparison between the SR-VCC alternatives and proposes a way forward.
1 Discussion

Alternative solution A – Combinational VCC
The continuity between IMS/LTE and 3G CS is enabled by going through 3G PS or to 2G PS as an intermediate step, respectively:
•
LTE =(PS HO)=> via 3G PS  =(DT)=> 3G CS, and

•
3G CS =(DT)=> via 3G PS =(PS HO)=> LTE.
and
•
LTE =(PS HO)=> via 2G PS  =(DT)=> 2G CS, and

•
2G CS =(DT)=> via 2G PS =(PS HO)=> LTE.

So, this solution does not solve the case where there is no 3G coverage and where 2G does not support VoIMS. 
Alternative solution B
Like Alternative solution A, this solution enables the continuity between IMS/LTE and 3G CS by going through 3G PS as an intermediate step. There is no provision for support of continuity between IMS/LTE and 2G CS directly without going through 3G as an intermediate step. This would be achieved as follows:

•
LTE =(PS HO)=> via 3G PS  =(DT)=> via 3G CS  =(CS HO)=> 2G CS, and

•
2G CS =(CS HO)=> via 3G CS  =(DT)=> via 3G PS =(PS HO)=> LTE.
Alternative solution C – CreDT
Call Re-establishment on Domain Transfer (CreDT) is a "break-before-make" solution in which the remote party is "parked" while the UE is in the source radio, and is then "un-parked" once the UE moves to the target radio. It works from LTE to 2G CS without intermediate step on 3G-PS or 2G-PS, and does not require support of PS Handover or DTM on the 2G side, but the break in transmission is quite long and comfort tone or recorded announcement is necessary.
Alternative solution D - « Inter-MSC Handover » solution
This alternative solution is based on the inter-MSC Handover procedure. The SAE/LTE Evolved Packet Core (EPC) emulates an "anchor MSC" functionality and exhibits the “E” interface towards the neighbouring MSCs. 
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Two sub-alternatives are defined:

Alternative D-1 – Inter-MSC Handover with anchoring at the VCC AS: 
This solution theoretically works from LTE to 2G CS without intermediate step on 3G-PS or 2G-PS, does not require PS handover or DTM on the 2G side and  provides an acceptable break duration. But it has a huge impact on VCC as it forces to implement MAP-E interface in the VCC AS, which is up to now only IP and SIP-based. 
Also, it propagates radio related information/procedures in the SIP signalling.

Moreover, it does not work in the roaming case as the VCC AS emulates a MSC in the HPLMN: indeed, a handover between a MSC in HPLMN and the MSC in the VPLMN would mean that inter-PLMN MAP-E interface is used, and over all that the VCC AS would be configured to know how to route the SS7 signalling to all Location Areas of all the potential Visited PLMNs. This is operationally not acceptable.

Alternative D-2 – LTE-VMSC Anchor Solution

This solution also works from LTE to 2G CS without intermediate step on 3G-PS or 2G-PS, does not require PS handover or DTM on the 2G side and  provides an acceptable break duration. It reuses VCC AS without any modification. There is no impact to the existing Core Network nodes as existing HO procedures are used. 
The user plane is not forced to go through the HPLMN, allowing an optimized routing in roaming cases. 
This solution is described with VCC, but is compatible with ICS: when ICS is supported by the UE and the network, the call to RUA is established via the Call Setup (VDN) described in the flow charts, and ICCC channel is setup after the handover to CS domain. 

A call initiated in 2G-CS is handed over to VoIMS either if it has been anchored at the VCC or if it has been established via ICS. 

Alternative E - IMS Anchored Voice Continuity
This solution consists in emulating a SGSN on the MME side (S3 interface) and a RNC/BSC on the MSC side (Iu-cs/A interface); in reusing the legacy CS handover procedures as in alternatives D; in reusing VCC without impact; and in adding a tunnelling capability to S3 to carry 24.008 messages for the call setup to VDN. 
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However, in the original solution described in TR 23.882v1b0 [1] i.e. alternative E-1 in tdoc [2], the call setup to VDN through an anchor VMSC is in the same step as Location Area Update, therefore too early, and to avoid a long flow break, it is needed to introduce a bi-casting function from the HPLMN; in addition, the chosen anchor VMSC will rarely be the target MSC, since the UE is able to move among a number of LTE cells before the handover is eventually decided; this will imply inter-MSC handovers. Moreover, bi-casting resources and transport network resources will most of the time be used for the whole duration of the call.

And finally, the user plane is forced to go through HPLMN, simultaneous voice plus PS sessions are not described, and S10 interface (MME-MME) is more appropriate than S3 interface (MME-SGSN).
This is why Alcatel-Lucent has proposed a E-2 sub-alternative solving these issues. E-2 solution is quite similar to D-2 solution in the mechanisms, with the exception that IWF emulates a RNC/BSC instead of a MSC towards the target MSC. 
Alternative F – Inter-MSC Handover with IMS Centralised Services
This solution is based on the introduction of a stand-alone interworking function referred to as PCHCF which presents PS HO and CS HO behaviour towards the SAE/LTE Evolved Packet Core and the CS core, respectively. The SIP UA is relocated from the UE to PCHCF. VCC AS is not impacted. 
Two sub-alternatives are defined:
Alternative F-1: It looks like Alternative D-2 in the fact that both PCHCF and Proxy-CS contains a MME function and an anchor MSC server function. 
The major differences are: 

1) In F-1, the VCC DT is initiated from the network and SIP UA is relocated from UE to PCHCF, whereas in D-2, the VCC DT is initiated by the UE and there is no SIP UA relocation. There is no need of 24.008 tunnelling over S10, but the retrieval of the VDN by the PCHCF is questionable.
2) It assumes the use of ICS, which is not the case of D-2. A small consequence of ICS is that all services are assumed to be supported via ICS, and the early LA Update is not needed; but this is only a small detail. 
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This solution also works from LTE to 2G CS without intermediate step on 3G-PS or 2G-PS, does not require PS handover or DTM on the 2G side and  provides an acceptable break duration.
A call initiated in 2G-CS is handed over to VoIMS if it has been established with ICS. 

Finally, following restriction must be considered: It only works with early-IMS: indeed, it is not possible to use an IPsec tunnel between P-CSCF and UE because it uses a SIP UA relocation where the credentials are not known by the SIP UA in the PCHCF. 

Alternative F-2: Instead of MME function, PCHCF emulates eNodeB/RNC/BSC function as shown in the next figure. In addition, instead of reusing VCC DT procedures, it uses S-GW as an anchor point. Unlike all the other solutions, the remote UE-B is not involved when the UE-A is handed over from LTE-VoIMS to 2G/3G-CS. 
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There are several issues:
· Not considering ICS, as ICS is not prepared prior to the handover to CS domain. Indeed, the call to RUA is not established. 

· The IWF (PCHCF) configuration is complicated as it must be configured on the MME(s) as an eNB, and it must be configured as both a RNC/BSC and a MSC for the inter-MSC handover.
· Like F-1 only works with early-IMS: indeed, it is not possible to use an IPsec tunnel between P-CSCF and UE because it uses a SIP UA relocation where the credentials are not known by the SIP UA in the PCHCF. 

2 Conclusion and proposals
Proposal 1: It is proposed to include the text above (discussion section) in a new sub-clause 7.19.1.x “Comparison between the various alternatives”
Proposal 2: It is proposed to agree on the following assumptions:

The SR-VCC solution 

· must support direct LTE-VoIMS to 2G-VoCS handovers

· must be capable to support ICS

· must use VCC Domain Transfer mechanisms

· must not require radio level specific in SIP signalling (be it radio access parameters such as Cell ID, or new embedded messages, such as HO Command).
· must not require specific knowledge in HPLMN of the structure of VPLMN (e.g. LAs/MSC address mapping for SS7 routing)

Taking these assumptions into account, we can draw the conclusions that follow: -

Alternatives A & B work only in areas where networks with 3G or 2G/DTM are available and with the VoIP features and so Alternatives A and B can be eliminated from consideration.
Let us consider now the solutions that cover all the cases i.e. solutions supporting direct LTE-VoIMS to 2G-VoCS handovers: 
· Alternatives C, D-1 and E-1 have either too many drawbacks or are unacceptable from an operational viewpoint and so can be eliminated from consideration. 
· Alternative F-2 does not consider ICS, and if we consider ICS with this solution, it looks like alternative F-1 and so can be considered as a single solution
Considering the capability to support ICS as mandatory, there are three remaining alternatives: D-2, E-2, F-1.
These solutions have: 

1) Following common principles
- IWF (also named CS-Proxy or PCHCF) emulates a MME (S10 interface) on the EPC side
- They use VCC Domain Transfer
- They use PS handover and CS handover preparation mechanisms
- They are ICS compatible
- They don’t require to propagate radio level specific in SIP signalling
- They don’t require specific knowledge in HPLMN of the structure of VPLMN
2) Following differences
- The IWF emulates a MSC (MAP-E interface) in alternatives E-2 and F-1, whereas it emulates a RNC/BSC (A-Gb/Iu) in alternative D-2
- The call setup to RUA/VCC is initiated by the UE in D-2 and E-2, and by the IWF (PCHCF) in alternative F-1. In the latter case, only early IMS can be considered. 

Proposal 3: Therefore, it is proposed to agree on the above mentioned “common principles”, and to discuss:
a) whether MAP-E or Iu/A-Gb interface should be selected
b) whether call setup (VDN) should be initiated by the UE or by the IWF, together with whether early IMS is acceptable or not. 
If these two decisions can be made then selection of a single solution can be achieved.
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