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Abstract: Centralized control of services has been a key concept which is used to make VCC possible, but with this solution comes a problem: How can Supplementary Service (SS) settings be shared across 2G and IMS?  This contribution suggests the HLR/HSS holds the answer to this problem. 
1. Introduction
Our Stage 1 requirements request VCC be as transparent as possible to the subscriber with regard to services.  This indicates we should provide the full range of Supplementary Services (SS) offered in the 2G system.  However, one of our most important results to date in the VCC work shows that the IMS should host the sevices provided to a subscriber. This again is not a problem, per se, since the services are well described and should present no specific challenge to be implemented in IMS.  The problem comes when we consider how does a VCC UE in 2G inform the IMS that changes are requested to the SS?

This paper considers the answer to that question. 
2. Background
2.1 HLR/HSS and Supplementary Services

The HLR is the repository for permanent data for the subscriber in the 2G network.  The HLR receives a variety of messages designed to allow a subscriber to modify this information (e.g. ActivateSS, DeactivateSS, RegisterSS, and EraseSS to mention a few).  The HLR will note if the subscriber is allowed to make the changes, and then will download the new subscription information to the serving VLR (and/or SGSN as applicable).  The Insert Subscriber Data message is used to transport this information.  All of this structure has existed since Phase 1 of the GSM standards, and is well known.

IMS has not defined processing to the same level of detail to allow an operator the freedom to offer services in different ways.  The messaging to change an IMS service is not standardized in several cases. It has been standardized that the service information which is permanent is to be stored in the HSS, however. The HSS is to safeguard the data and provide the information on request
The HSS is also responsible for informing an application when (some types of) it’s data has been modified.  This allows applications to cooperate in support of a subscriber.  The Sh interface allows an application server to subscriber to notifications that certain data has change, and to send changes as they occur in response to that subscription.  
The HLR and HSS are contained in the same network element; indeed, technically speaking only the HSS exists.  It would seem to be a very straightforward idea, then that when an HLR detects a change to the subscription information for a VCC subscriber, that instead of the Insert Subscriber Data message being issued, that the Sh-Push messages is issued instead. 

2.2 Possible Communication Approaches for the UE
The VCC UE only has a few options for communication to the IMS when being served in the 2G system.  Some of these options include:

1. Use of a Circuit Switched Data call.  This would form an IP-CAN bearer for the UE, which would then communicate SS changes to the application server using the same protocol used in IMS.
2. Use of Short Message Services (SMS) message.  This would have an SMS message sent “behind the scenes” without the subscriber being aware of the message to the IMS for processing.

3. Use of Unstructured Supplementary Service Data (USSD).  Here a USSD message would be routed to some service for transfer to IMS.
Each of these approaches has there problems.  Setting up a CS Data call for the sake of sending less than 1k octets of data uses quite a bit of resources and can cause charging to occur.  SMS message likewise is a fairly “heavy” approach to sending the data, and would require a specialized “host” in IMS to receive and process the SMS message.  USSD is more suited to this particular task than either the CS Data call or the SMS message, but does require the development of a “host” to receive the USSD message and forward the request to IMS, and the protocols associated with all of this.

In each of the cases above, the UE software has to have major modifications to support this processing.  In order to make the processing transparent to the use and use Option 1, for instance, the UE would need to collect the request, then have a number to dial for the CS Data call to complete, set up the call, send the request, confirm a reply, and then disconnect.  The other approaches similarly require the UE processing to be changed in non-trivial ways.
In several of these case, some application or service would have to translate this data to a format acceptable to the service AS and/or VCC.  This application/service would also need to perform the same authorization and password functions the HLR already does today.  In addition, the service AS and/or the VCC application would probably need to store these results…. In the HSS! 
Another option would be to allow the HLR/HSS to provide this service as part of a modification to the processing of the HLR.  If this approach is used, the 2G processing of the UE is completely unchanged.  A service could be activated, inactivated, erased, modified, passwords changed, etc. etc. without changes to the 2G processing of the handset.  No new host is needed to translate the message, and the data is automatically stored in the HSS, simplifying the processing for the service AS and VCC application. 
3. Proposal and Analysis
3.1 Proposal

The specific proposal suggested here can be summarized as:
“Allow the VCC UE to interact with the HLR exactly in the same way as any other 2G UE.  Modify the HLR to send any 2G updated SS data to the IMS application.  Further, have the HSS accept any SS changes made when the VCC UE is in IMS, and have them communicated to the HLR”. 

3.2 Impact on the HLR/HSS
The HLR is already receiving the 2G Supplementary Services ActivateSS, DeactivateSS and related messages.  No changes are needed for sending and receiving these messages.  Password checking and authorization for the services are already supported, and can be used “as-is”.

One change which is needed is that the HLR would not send the Insert Subscriber Data message when a SS is modified.  Instead, the HLR would pass this data to the HSS, and the HSS would “push” this to the Application Servers (probably both the VCC and the service AS) over the Sh.  The HLR would do this new processing based on the fact a VCC subscription exists (e.g. is provisioned).  (As an implementation option, the HLR could continue to send the Insert Subscriber Data… but would send it to the HSS instead of the VLR.  This would make it minor change indeed to the HLR processing.)
The HSS would not have to change the Sh interface if the HLR related information was considered “transparent data”.  The various Application Servers would subscribe to the data which would be updated by the HLR, and then they would be notified.  
This could be done without protocol changes to the Sh. HP, however, would like to recommend minor modification to the HSS, and have a new Data Type introduced in the Sh protocol.  This would allow an IMS application to request the data stored in the HLR, hence knowing what the format is of the data it will receive and how it was collected.  This is an issue for CT4, but shows that very little work would be needed to implement this capability in the standards. 

3.2 Impact on the Service AS and VCC AS

The Service AS and the VCC AS will need to know about changes to the SS information in any implementation of VCC; this is clear.  Changes will need to be received somehow from the 2G system and will also be received when the subscriber is connected to IMS.  The Service AS and VCC AS will also need to store and retrieve this data from the HSS. The services will also have to understand the HSS may “push” the data to them in case the operator changes it administratively. 

This proposal re-uses the HSS interface in the same way it is used for IMS, minimizing the impact to the AS.  The AS are informed of changes via an Sh Push, so no new interface is required.  Other methods to moving the 2G information (e.g. USSD) would require a new application or service to translate 2G messages to the IMS messaging to signal the changes.  Use of the HLR/HSS approach does not require the addition of this sort of functionality.
It should also be noted the HLR/HSS approach would solve an outstanding issue in the TS.  It is noted in the TS that the VCC Application be informed when the subscriber has registered with the HLR.  Up to now, that has been an issue for further study.  This approach would provide a straightforward solution to this issue by having the HSS Sh Push the data to the VCC based on a data change (i.e. the registration state changes made in the HLR). 
3.3 Impact on the UE
The UE operating in a 2G environment would work exactly as it does today for the vast majority of services.  No modification to the UE (or MSC or VLR) would be required. 
One area where change is required is mid-call services.  In this case, the UE will have to modify its behaviour, since the current behaviour is to invoke a service on the MSC instead of sending a request to IMS.  However, of the 28 SS listed in TS 22.004, only 3 (Call Hold, Call Wait, and Multiparty) require mid-call support, and the other approaches would require changes to the UE processing of all 28.  Thus it would seem this approach has one of the smallest impacts on the UE.  
4. Summary and Conclusion
This contribution points out the HLR/HSS is 2G to IMS network element which already exists and interacts already with most of the network elements involved with VCC.  Because of this, the HLR could pass SS information to the Application Servers in IMS via the Sh interface in an efficient, non-polled manner.  This approach has a small impact on the HLR, re-uses existing interfaces to the AS, and has one of the smaller impacts to the UE.  

Changes to the HLR/HSS should not be made lightly, but these changes are both logical, and could potentially save complexity in the handset and the Application Server.  Additional HP contributions outline some other issues which may motivate changes to the HLR/HSS.  These ideas and possible TS text changes are supplied in related contributions.
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