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Abstract: Prior contributions discuss the advantages of having the HLR/HSS begin modified to supply 2G Supplementary Service information via the HSS Sh interface, and accepting changes from IMS via the same mechanism.  This discusses the possible use of this same basic mechanism to support mid-call services for VCC via Unstructured Supplementary Services Data (USSD).

1. Introduction
An open item for VCC has been how to have the UE receive mid-call services if they are receiving service in a 2G network.  2G Call Waiting, for instance, causes difficultes during a domain transfer if it is active.  It has been established that IMS should provide these services, but this leaves open how a UE would communicate to IMS during an ongoing 2G call.  

One approach is sending a Unstructured Supplementary Service Data (USSD) message to the IMS Service in order to control the feature. This approach requires that the message be moved from the 2G to IMS systems.  As it turns out, the HLR/HSS is ideally situated to support this. 
2. HLR USSD Processing
USSD messaging has existed since Phase 1 of the GSM standards, and is widely deployed.  USSD allows a handset to send a message to the MSC.  The MSC may understand this message and act on it, or it may pass it to the VLR.  The VLR in turn may act on the message or pass it on to the HLR.  The HLR again has the option of processing the message or passing it onto a service. All of this is part of existing processing in the 2G network. 

USSD is a good candidate for supporting 2G Mid Call services for VCC.  It is able to be sent during the call, it is well understood how to handle the messaging in the existing 2G network, and it is able to be extended if necessary.  Only three services (Call Waiting, Call Hold, and Multiparty Call) would need to be supported, which would mean only three USSD messages would have to be sent by the UE.  USSD obviously doesn’t have the flexibility of SIP messaging… but the flexibility of SIP messaging is not needed in this case. 

If the USSD approach is used by the UE, the HLR could continue to pass the message to another service. This service would then be responsible for converting the message to an IMS compatible format.  The Service AS would receive this information, and then (probably) store the results of the message in the HSS in case it is needed later. 

This paper proposes the HLR “recognize” and process the USSD message.  It would be recommended that the HLR/HSS have new data stored indicating if these fields were active.  The HSS would then “push” this information over the Sh interface to the Application Service.  The Application Service would not have to store this information, since it was already stored.  It would be able to take whatever action was needed (e.g. “holding” the call data stream coming from IMS).  Overall this approach would remove the need for a new network element and simplify the Application Server process. 
3. Summary and Conclusion
Again, it is noted that the HLR/HSS serves as a useful path from the 2G to IMS system, this time to service a USSD message it will need to process in any event.  USSD is suggested to be used for mid-call services, which would allow specific messages to be selected and made available for UE’s to use.  Using the HLR/HSS in this way allows the VCC Mid-Call services to be coordinated with cases where VCC is not used (e.g. a non-VCC UE is being used, or operator preference).  
It is suggested that VCC adopt this approach in the TS.  
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