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1. Introduction
This contribution addresses the note in Section 4.3 of TS 23.206 titled “Domain Selection”: 

“NOTE: It is FSS if further mechanisms are needed to improve handling of calls destined to a UE that is both registered to IMS and attached to CS for cases where a loss of coverage occurred, and the UE is not reachable over CS or IMS.”

In the 3GPP VCC architecture, the UE is required to be simultaneously registered in the CS and IMS domains as a precondition for performing VCC procedures. This helps in reducing handoff latency and improving handoff quality. 

However, when the UE moves from WLAN to CS access coverage, for e.g., because of unreliable WLAN coverage, there are a number of issues with simultaneous registration of the UE in CS and IMS domain. In the current architecture, when a UE registered on IMS moves to the CS, the network is not aware that the UE has moved to CS.

There has been much discussion about how calls are handled when UE loses access network coverage, without deregistering. Several proposals were discussed in the 3GPP VCC working group:
1. The UE sends notifications to inform the network each time it loses and regains coverage (SA2#49, contribution S2-052858)

a. The proposal was objected, mainly because of excessive signalling and negative impacts on the UE battery lifetime
2. “Parallel paging”, i.e., the CCCF tries to deliver the call simultaneously in CS and IMS domain 

a. This solution addresses the call delivery delay issue, but the wastage in precious over-the-resources is large; 

b. There is also the complexity in the network to implement forking across different access technologies using different core-network protocols
3. “Sequential Paging”: During call delivery, the CCCF first tries to deliver the call over IMS and when there is no response, the call is tried over CS (based on an appropriate timer)

a. This proposal causes wastage is paging resources (due to paging on both WLAN and CS networks) and 

b. Adds significant delay to call delivery. As long as the UE continues to remain on CS, all calls to the UE are delayed and over-the-air resources are wasted for no reason.
In the end, none of these solutions were agreed upon, and whether a mechanism is required or not is left for further study.
Clearly, it would be more beneficial if the network already knew exactly which domain the UE is available in, and try to deliver the call only in that domain. This is especially true for initial WLAN deployments, when the UE may experience unreliable WLAN coverage.
This paper proposes a possible solution whereby the UE can help the network in determining exactly which domain the UE is available in, while minimizing the over-the-air signalling wastage.

Note: The mechanism introduced below is proposed to be optional. However, any mechanism involving the UE needs to be included in the standard to allow the operators to choose using the solution at a later time.

2. Solution Highlights
The UE indicates to the IMS network using a UE originated signalling mechanism (in the CS domain) that it has moved to a CS network and that all future calls need to be delivered over CS.

The solution is as follows:

1) When the UE does not detect the WLAN air-interface (i.e., only CS is available), the UE sends a signalling message to a pre-provisioned number which is intercepted and consumed by an AS associated with the UE.  

2) The AS (if different from the CCCF) notifies the CCCF about the CS registration status upon reception of this message. 
a. This causes the CCCF to update its state for delivering all incoming calls for this UE in the CS domain.
3) When the WLAN becomes available again, the UE does an IMS re-register so that future calls are delivered over IMS.
a. This causes the CCCF to update its state for delivering all incoming calls for this UE in the IMS domain.

This message notification approach removes any ambiguity in the network for call delivery. The CCCF always knows where the UE truly is registered and delivers the call to the appropriate network without wastage in paging resources; also, there is no delay in call delivery.

There are two possible approaches to deliver this notification message from the UE to the network.
1. Using USSD Signalling
The figure below shows the usage of USSD operation in application mode for this notification:
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Figure 1 USSD signalling for CS registration notification
i. On detecting WLAN loss of coverage, a CS registered UE encapsulates the notification update in a USSD Requsest and initiates a USSD operation in application mode.
ii. The Visited MSC forwards the USSD message to the subscriber’s HLR 
iii. The HLR forwards the USSD message to the gsmSCF function which updates CCCF with the information received in the USSD message.

iv. The CCCF updates the state of the VCC UE in order to deliver all incoming voice calls to the UE in the CS domain instead of IMS domain.

v. The CCCF responds to the USSD request message with a response.
vi, vii. The USSD response message is forwarded to the VMSC and subsequently passed on to the originating UE.
3. Proposal

This paper described the problems associated with call delivery mechanism at the CCCF when the UE is simultaneously registered in both domains but has lost coverage in one of the domains (particularly WLAN/IMS). It has already been identified that for CCCF to make the best decision for call termination domain, it would need to be aware of registration location of UE at all times. However, there is a cost related with notifying the CCCF.

This paper discusses an optimized method for the UE sending a notification to the network only for certain scenarios, to eliminate the call delivery failure during loss of coverage situations for simultaneously registered mobiles. 
This mechanism should be included as an option in Section 4.3 of TS 23.206 in order to provide the operators an option of addressing the problem of optimized network domain selection in these scenarios.
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