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Abstract: An open question has been how the VCC UE could signal the IMS system when it is in the 2G network.  This contribution suggests using the existing C/D interface to collect information from a UE in a 2G network using existing signalling.  The HLR/HSS would then be extended to use the Sh interface to “push” subscriber information to any Application Server providing IMS control for the UE.  The format of the data would follow already defined structures.  The approach would allow for re-use of existing interfaces between the UE, HLR/HSS and Application Server.  It is also suggested the HLR serve as the USSD interface between 2G and IMS, and that the SS data stored by the HLR be used if the VCC SIM is used in a non-VCC UE. 
1. Introduction
VCC is to be as transparent as possible to the subscriber in terms of services.  One area which has been fairly complicated to consider it how to pass a Supplementary Service request from the UE when it is a 2G network to the Application Server providing the service in IMS.  This paper suggests using one of the few 2G/IMS elements which already exists: the HLR/HSS.  This may also be applicable to CSI Interworking in general, and provide some approaches to help solve some other 2G/IMS issues. 
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 this structure in 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. However, it has been standardized that the service information which is permanent is to be stored in the HSS. 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 HLR and USSD Message Routing

The HLR also serves as a routing point for USSD messages as well.  A USSD message from the handset is routed to the MSC first.  If the MSC understands it, it services the request.  If the MSC does not understand it, it is routed to the VLR next.  If the VLR does not understand it, it is routed to the HLR.  The HLR may then process it, or send it on to a service platform.  This processing has already been standardized. 

3. Analysis and Proposals
3.1 2G to IMS Information Transfer

Since the HLR is already receiving the 2G Supplementary Services updates, and the Application Servers (both VCC and Telephony AS) are able to receive data from the HSS via the Sh, the proposal is to have the HLR modified to not send down Insert Subscriber Data messages in this case, and instead inform the AS that the data has changed via the Sh Push Notification Request (PNR) message. 
The change to HLR processing is somewhat modest, but depends on knowing the current subscriber is a VCC subscriber.  This knowledge is inter-related with the issue of VCC/non-VCC UE related processing, and will be handled later in this contribution.

The Sh interface would be used “as is” 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.  HP, however, would like to recommend a new Data Type be introduced in the Sh protocol.  This is an issue for CT4, but demonstrates that very little work is needed to implement this capability in the standards. 

The advantage of this approach is that no modifications would be needed at all to the UE to HLR signalling in order for the supplementary services to be supported.  This would hopefully reduce the number of changes needed in the handset to support VCC.  This approach could even be used to support 2G-only subscribers who were receiving services via IMS (which is outside the scope of VCC, but is possibly useful and of interest to operators).  
The Sh approach would also allow the IMS Application Servers to modify the data, which could then be used by the HLR.  This could again be of interest in case a non-VCC UE was used (and again is discussed somewhat later in this contribution).
3.2 HLR as USSD-to-IMS Interface

The HLR will be involved in the transfer of USSD messages unless something changes in the standards.  Since it is already involved, it is proposed to have the HLR receive the USSD messages, and make the data in them available to the IMS system.

The way the data could be made available varies widely.  The HLR could store the data and make it available via the Sh interface using the same mechanism discussed above.  The HLR/HSS could also store off “IMS Templates” in a subscription.

The idea behind this approach is to allow a single USSD command (e.g. #555) to indicate the VCC request, and the USSD data in the request (e.g. *12) to indicate the template to be used (in this case, template #12).  The request could also contain other parameters needed for the template to be sent (e.g. “,destination.address.for.ims.call”) could make up the remaining characters (so the entire string in the USSD message would be “#555*12,destination.address.for.ims.call”).  The HLR could also append in values it knew (such as call forwarding numbers) if this was indicated.  A SIP message containing this information could then be sent.
This method also allows a lot of freedom in implementation.  The USSD Command (“555”) could be standardized, as could the fact the next value is the “template number”.  After that, however, the text stored in the HLR could be a matter of individual installation.  Each operator would be free to use whatever SIP message(s) they desired. 

Either approach or both could be used to allow the UE to signal to IMS. 

3.3 VCC Subscription Using a Non-VCC UE

One of the more difficult problems facing VCC is the very real case of a subscriber switching a VCC SIM card into a non-VCC capable handset.  It is very likely the 2G subscription stored in the HLR for a VCC subscriber will be quite specific and quite limited.  In order for the 2G network to not interfere with the IMS services, almost all of the services available in 2G will be turned off.  The user experience when the SIM card is used in a non-VCC capable handset would be quite different and unsatisfactory since many of the services would simply not work.

A solution to this would be to have the HLR aware if the subscriber was currently using a non-VCC capable handset or not.  If the subscriber was using a non-VCC capable UE, then the “real” subscription data with all the various services enabled would be downloaded instead of the VCC subscription.  This would allow the non-VCC UE to enjoy all the services, but simply be unable to switch domains.  Key to this, however, is having the HLR realize the subscriber is not using a VCC capable handset.
This could be done in several ways:

1. Via subscription.  In this case, the subscriber would be able to call customer service (either on the new phone or some other way), and request the operator set the subscription to “non-VCC”. Web interfaces could also be considered. While this seems clumsy, it may be the lowest cost option since it would seem unlikely that a subscriber will do this willing, and the actual occurrence in the network may quite low.

2. Via action from a VCC capable UE.  In this scenario, the VCC UE would send a message (e.g. via USSD) to activate the VCC subscription instead of the non-VCC subscription.  This, however, would mean the assumption would be that the subscription starts out non-VCC, and a new subscription would need to be downloaded each time.  While feasible, this would not be an efficient approach.
3. Via action from IMS.  If the subscription is active at all in IMS, then this would indicate the UE is VCC capable.  This could cause the IMS system to signal the user is VCC capable, and no special checks are needed.

4. Via EIR interaction.  The Equipment Identity Register is able to get information about the handset, and this could be used to identify a VCC capable or incapable handset.

5. Via action from a non-VCC capable handset.  In this scenario, the user would probably be responsible for sending in a USSD command via a “star code” that would be used to activate the 2G profile in case the SIM card was switched.  This could be a pretty simple command (e.g. “*555*0” for instance).

Many of these approaches could be used in conjunction with each other to meet the needs of a specific operator. 

Key to this approach being successful is the ability to have the “real profile” to used, which is allowed under the section 3.1 of this contribution. 
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.  The HLR also is a logical place to convert USSD messages to a format acceptable by IMS.  Using the HLR to continue to store the Supplementary Service data also allows this information to be used for non-VCC UEs in cases where the SIM was switched to such a handset.  

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.  It is recommended any/all of these concepts be incorporated into the TS.  Some possible text is supplied in a related contribution.
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