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Abstract: VCC operation is straightforward when VCC is to be enabled, but what happens when a VCC subscription is used in a situation where VCC is not available?  The HLR can be helpful in these cases. 
1. Introduction
There are times when a VCC Subscription (i.e. VCC SIM) may be used in situations where VCC is not supported.  One case is where a VCC SIM is placed in a 2G UE.  Another case is where the operator has decided to not anchor the call in the IMS because of operator policy or user preference.  In these cases, the question remains what services can be reasonably provided, and still maintain compatibilty with VCC service.  This paper investigates using the HLR/HSS to help provide service in these cases. 

2. Analysis
2.1 VCC SIM in a 2G Only UE
This situation is expected to occur when, for instance, a subscriber’s VCC UE runs out of battery and the subscription is switched to a friend’s 2G UE.
In this case, calls can still be terminated to the UE via IMS and the border gateway.  Call origination is still able to be handled by CAMEL redirection to the IMS Border gateway. No new processing is needed here.
If the HLR/HSS method of updating supplementary services (outlined in a prior contribution is used), then modifications to the Supplementary Services which may occur will still be sent to the IMS AS.  While this is not a minor assumption, also shows the power of that approach in this case. The HLR/HSS would also be able to let the VCC Application know the subscriber had registered in 2G, and not require a VCC specific registration mechanism on the part of the UE.  This would let the VCC Application know the UE was available for call termination, which otherwise may not be known. 

One item which would not be known immediately is if the UE was VCC Capable or not.  As we have seen, the termination and origination of calls while in the 2G network will still happen with no UE VCC specific processing.  If the UE was only registered in the 2G network, it would seem reasonable to assume the Domain Selection function would route calls to that domain.  Also, since the UE is responsible for initiating a switch between the domains… and the UE (in this case) is not capable of requesting such a change… that no problem will occur because of this issue.
Notice that this approach naturally “synchronizes” the status of Supplementary Services in both the 2G and IMS systems.  If the IMS and 2G service data where considered separate (even if both were stored in the HLR/HSS), then it would be possible for a 2G Only UE to change a call forwarding value, for instance, and not have that value reflected when the subscriber switches back to VCC service.  This approach eliminates that problem. 

One item of concern is the use of “mid-call” services.  In this case, however, mid-call services will not have to deal with a mid-call transfer to the other domain, since the UE is incapable of that action.  Because of this, it would actually be safe to authorize Call Waiting, Call Hold, and Multiparty calling for this subscriber.  Call Hold and Call Waiting should work without any additional problems.  Multiparty requires more analysis, but may be able to be offered also. 
Overall, as long as the suggested HLR/HSS approach is used, it should be possible to offer “normal” service to the UE, simply without the ability to change domains.
2.2 Calls Not Anchored in IMS
There may be times the VCC Application decides not to anchor the call in the IMS.  This could be because of operator or user preference, capacity issues in IMS, failure scenarios where 2G is used as backup, or a variety of other items. It could also be that the subscriber is being offered service in a system where Camel Phase 2 is not offered, and so call originations will not be able to be re-directed to the IMS.  What services can be offered in these cases?
Here again, we can simplify matters significantly by noticing that Domain Changes will not be able to happen since the call is not anchored in IMS. In these cases, the 2G services can be offered without worry about interaction with a transfer. 
One item where change is necessary, however, is that the HLR must modify its processing.  Normally, for instance, the HLR would not send Call Forwarding information to the serving VLR for a VCC subscriber since the IMS Service would do this.  However, in this case, it would be valid for the HLR to do so.  The HLR could do this based on a value “pushed” to the HSS and hence to the HLR indicating that Domain Selection had decided to not to anchor this call in IMS.  The HLR could (in turn) use this mechanism to inform the Domain Selection Function that the serving VLR/MSC does not support CAMEL Phase 2, and so 2G only service should be offered.  
(As an aside, a Send Routing Info message from the Gateway MSC would also indicate the call was not anchored in the HLR… but this would require the HLR to send down Insert Subscriber Data messages before the call was complete to establish the call.  Having the Domain Selection inform the HLR would allow the HLR to send the ISD messages in parallel with other processing, and reduce the time of call setup).
There are several details to be considered in these cases (e.g. making sure the IMS Call Forwarding uses numbers which are accessible also from a 2G VLR), but these are mostly straightforward.  It may also be the case the subscriber should not be offered service in the 2G network. However, it is useful to note this appears to be a straightforward task to offer service as long as the suggested HLR/HSS approach is used.
4. Summary and Conclusion
A prior contribution covers this discussion of using the HLR/HSS to provide a communication link between the UE operating in 2G and IMS, and making re-use of a large variety of existing capabilities (e.g. processing of supplementary service updates with password protection, providing updates of this information to an IMS AS via the Sh, etc.).  This current analysis shows that the HLR be able to provide “near normal” service to a subscriber in these cases, and would keep the 2G and IMS data synchronized.  HP would like to suggest this is another advantage to the HLR/HSS approach, and suggest its adoption. 
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