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1. Introduction
This paper discusses the commonalities and differences between VCC solution as covered in [1] and Single Radio VCC scenario, and tries to identify the areas on which to focus for a solution for Single Radio VCC.

2. Single Radio VCC for SAE/LTE and HSPA+
As discussed per contribution [3] in 3GPP SA2 #53 meeting in Shanghai, China, there is a need to study the CS-IMS service continuity for both SAE/LTE and pre-SAE/LTE systems. In particular, this involves:

1. Voice call continuity between (GSM/UMTS) CS and (HSPA+) PS VoIP

2. Voice call continuity between (GSM/UMTS) CS and (SAE/LTE) PS VoIP

The CS-IMS voice continuity when the IMS is accessed over HSPA+/SAE/LTE would fall in the “single radio VCC” category, because of no simultaneous transmission/reception on the 2G/3G radio and the LTE radio. 

This is different from the VCC solution in [1] (referred to as “current VCC” henceforth in this paper), which requires the UE to be simultaneously registered (and simultaneously transmit/receive) in CS and PS domains as a prior to executing domain transfer procedure.

3. Differences between “current” VCC and “Single Radio VCC”
In this section, we try to identify and analyze the areas where the current VCC solution needs to be different for the single radio case.
3.1 VCC Architecture

The high level diagram for the VCC architecture for call continuity between 2G/3G CS and 3G PS domain (for HSPA+) is shown below:
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Figure 1 “Single Radio” VCC Architecture for Domain Transfer between 2G/3G CS and 3G PS

Calls originated by and terminated towards VCC UEs are “anchored” at VCC AS in the user’s home IMS network, like the current VCC architecture.

3.2 Registration

In the current VCC architecture:

a. VCC UE may register (attach) in the CS domain whenever there is CS coverage. 

b. VCC UE may register in the IMS whenever it acquires IP-CAN coverage. Based on filter criteria, 3rd-party registration is performed at the VCC AS. 

c. The Registration information may contain UE’s CS status (detach/attached-idle/attached-active)

Since the current architecture is based on a dual radio device that is able to transmit/receive simultaneous in CS and PS domain, the above procedure allows for parallel registrations while (possibly) giving the network information about the UE’s CS status.

For single radio VCC in the SAE/LTE case, it may or may not be feasible to maintain parallel registrations in CS and PS domains. This issue needs to be studied further.

3.3 Call Origination

In the current VCC architecture:

a. The CS originating voice calls of a VCC UE are anchored at VCC AS, by the VMSC invoking CAMEL triggers.

b. The IMS originating VoIP calls for a VCC UE are anchored at the VCC AS, by the S-CSCF invoking originating iFC for the VCC.

For single radio VCC, anchoring calls originated by VCC users can essentially follow the same procedures as the current VCC architecture.
3.4 Call Termination

In the current VCC architecture, the domain to deliver incoming calls is selected based on:
· State of the UE in CS domain. This state information shall include: Detached, Attached.

· UE capability to support IMS Voice Services as described in TS 22.228.

· State of the UE in the IMS domain. The state information shall include: Registered, Deregistered.

· Capability of the IP-CAN to support VoIP.
· User preferences and/or operator policy.
· The domain used by an existing call anchored at the VCC application.
However, there are a few more criteria that need to be considered for single radio VCC case. For example:
a. A UE could move from GSM to UMTS to LTE system. This scenario is related to the “Signalling free mobility” discussion in SAE [2] – makes Inter-RAT Intra-3GPP mobility transparent to the core network.
b. A UE may move between HSPA VoIP capable cell and HSPA non-VoIP capable cell.
c. A UE could more from HSPA to WCDMA R99 system (reselection within the same system from VoIP capable to non-VoIP-capable cell). 
Essentially, the NeDS function of the VCC AS is required to deal with radio-related mobility that may not trigger signalling from the UE in usual circumstances.
For call termination to work efficiently, UE needs to indicate the true attachment point to VCC AS when UE is moving between VoIP capable HSPA/LTE and UMTS/GSM systems.
3.5 Domain Transfer

Domain Transfer procedures enable voice call continuity for active calls when a UE moves between CS and PS domains.
a. In the current VCC architecture, simultaneous registration in both CS and PS domains is required for the initiation of the Domain Transfer procedure.
However, for single radio VCC, this requirement cannot be supported.
b. In the current VCC architecture, the following scenarios for domain transfer are supported

· WLAN VoIP to GSM/UMTS CS

· GSM/UMTS CS to WLAN VoIP

There needs to be discussion on what scenarios need to be studied further and supported for single radio VCC. The following is an exhaustive list of scenarios:
· 3G (HSPA+) VoIP to GSM/UMTS CS
· GSM/UMTS CS to 3G (HSPA+) VoIP
· 3G+ (LTE/SAE) VoIP to GSM/UMTS CS

· GSM/UMTS CS to 3G+ (LTE/SAE) VoIP

Firstly, before further work, feasibility of trying to solve the problem of 2G/3G CS to 3G/3G+ PS handovers should be discussed. Considering the ubiquitous CS coverage, and already decreasing load on CS infrastructure due to offloading to new PS networks, it may not be a feasible problem to solve.

Secondly, as discussed in [3], it is not possible for the UE to have parallel transmission and reception on both the 2G and the 3G side, in order to execute the VCC procedure. This leads us to two possible solutions:

· 3G PS to 2G CS transition with 3G CS as an intermediary step.

· Other possible solutions for direct transition from 3G PS to 2G CS.

Further work would depend upon whether only PS to CS domain transfer, or CS to PS domain transfer as well, needs to be supported for single radio VCC.

4. Conclusion

Based on the above discussion, it is recommended to initiate the study of single radio VCC in the VCC working group for the areas of registration, call termination issues for addressing UE mobility between different systems, and updating its location with the network. The areas in [1] are:

4.3 Domain Selection

6.1 Registration

6.3 Termination

6.4 Domain Transfer
The Domain Transfer call flows need to be discussed in the SAE WG, per the recommendation and proposed structure in [3].
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