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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 and recommends a necessary subset for further consideration. 
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. A high level analysis is provided below by partitioning the alternatives based on their underlying principle.

1 Combinational VCC solutions (Alternative A & B)
This solution set is based on use of Application Layer VCC in conjunction with the radio layer handovers to complete the transition between two end systems.

This solution set has the following characteristics:

· Although c-VCC enables service continuity between two single radio systems, it requires an intermediary step through a dual radio system – it therefore cannot be categorized as a true Single Radio solution.

· It relies on 3G and/or 2G DTM – neither of which is as prevalent as non-DTM 2G systems.

· It relies on PS HO, which is not universally deployed for 2G

· It relies on deployment of VoIP-related Latency Enhancement features (esp. 10ms TTI); in general, the voice quality will be poorer during the handover

· It is limited in terms of total capacity for handovers, due to limited capacity of VoIP on GERAN

· It entails a two step (Alt A) or three step (Alt B) procedure which results in two (or three) service interruptions: 

1. service interruption at radio switch upon radio layer handover (two such interruptions for Alt B);
2. service interruption at bearer switch upon VCC Domain Transfer

· It has similar limitations with Service Continuity as Rel-07 VCC [service continuity needs to be disabled on mid call services such as Call Hold, Conf]. Such limitations, however, can be eliminated by adoption of IMS Centralized Services. Further studies are required to determine the feasibility of such.

2 CReDT (Alternative C)
This solution is based on use of Call Park at the VCC Application while the UE switches the radio. It incurs a substantial service break and is therefore ruled out as a viable candidate for SR-VCC.

3 A/Iu tunnelling over LTE (Alternative E)
In the IMS=>CS direction, this solution is based on tunnelling of CS access signalling over LTE for execution of handover from LTE to 2G/3G CS radio and for call control after handover. The following characteristics apply to the LTE to 2G/3G CS direction of handover:

· It is primarily a unidirectional HO solution, whereas the requirements are for bi-directional handover; it relies on a C-VCC solution (Alternative A & B) for the reverse direction, resulting in on a multiplicity of solutions.
· It has similar limitations with Service Continuity as Rel-07 VCC [service continuity needs to be disabled on mid call services such as Call Hold, Conf].

· It incurs substantial signaling exchange, potentially impacting the handover setup time because of serial execution of the following steps:
1. CS location update with full AKA.
2. CS-Originated call to the VCC Application Server with RAB Assignment.
3. Inter Access handover, which may also be an Inter MSC handover if the MSC used for CS attach/CS-O is not the same MSC serving the target BSC for the handover.
4 Inter MSC Handover based solutions (Alternatives D & F)
This solution set is based on Inter MSC handover principle. A new logical entity in the core network emulates PS handover functions toward the PS system and Inter MSC CS handover functions toward the CS system to complete a handover between a PS and a CS system. Handovers in both directions are executed using the same principle.

This solution set is further categorised as below:

4.1 Inter MSC Handover based solutions (Alternatives D1 & D2)
Alternative D1 has several undesirable features as follows and is therefore ruled out as a viable candidate for SR-VCC:

· 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 new messages for Handover signalling, for example, Handover Required from the MME to the UE (step 4).

· Add Handover MAP interface to the VCC Application Server.

· In roaming scenarios incurs more HO-related signalling across the roaming boundary than any other alternative;

· Requires changes to MAP signalling (referring to the fact hat MAP Prepare Handover carries both CS proxy DN and target MSC address). 

· Before bearer optimisation is invoked in the roaming case, the bearer plane after CS=>IMS HO goes back-and-forth across the roaming boundary

Alternative D2 does not seem to be complete in that it is not clear how session control is performed after handovers. An analysis of this alternative is not possible until after the call control aspects are documented. Furthermore, it unnecessarily adds DTAP tunnelling over LTE for exchange of VDN when other, simpler options for retrieval of VDN/VDI are possible such as retrieval from the HSS. 

4.2  Inter MSC Handover based solutions (Alternative F)
The solutions in this set provide mechanisms aligned with IMS Centralized Services enabling full service consistency and service continuity upon handovers between PS and CS systems.

The solution set has the following characteristics:

· It utilizes the Access Network capabilities to assist in transport layer handovers.

· It reuses standard 2G/3G Handover procedures with no new requirements on current 2G/3G systems.

· Use of IMS Centralized Services provides service continuity and service consistency upon handovers.

· It provides a comprehensive, access agnostic solution applicable to 3GPP and non 3GPP CS systems. 

· It can also be used for enabling handovers being studies in the CS domain over LTE study item.

· Requires definition of a new logical function - PCHCF.
Conclusions
The following conclusions can be drawn from this analysis:

1. Alternative C does not satisfy the service requirements for minimal service interruption and is therefore not a viable alternative
2. Alternative E provides inconsistent techniques for handovers in either directions which may result in inconsistencies in subsequent handover/handback and service behaviors; it implies the additional implementation of another solution (Alternative A or B); it retains the same limitations as VCC R7 as it relates to mid call services; it relies on 2G/DTM support in the CS=>IMS direction; as such, it does not represent a desirable way forward
3. Alternatives A & B are access network dependent and seem viable only in networks with 3G or 2G/DTM availability or with the necessary VoIP enhancement features
4. Alternative D1 significantly impacts SIP signaling and heavily relies on MAP signaling with impact to MAP signaling
5. Alternative D2 does not address call control post handovers

6. The alternative documented under Alternative set F provide an access agnostic approach enabling service consistency and service continuity across disparate access network
7. The alternatives documented under Alternative set F can be reused for the handovers capability being studied in CS domain over LTE work item.
Recommendations

It is recommended that Alternative C, E, and D1 not be considered for further studies.

The Inter MSC handover principle in conjunction with IMS Centralized Services is recommended as the working assumption. The same principle is also recommended for handover solutions being studied for CS domain over LTE work item.
Further studies are recommended for merging of the alternatives in Alternative F (and possibly some concepts of the Alternative D2, e.g. retrieval of VDN from HSS) to suggest a possible way forward.
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