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Abstract of the contribution: This contribution notes some of the impacts ICS has on the existing HLR.  A high level analysis is given of several areas to be considered is presented. Specific sections are suggested where text could be included in the TR. 
1. Overview

The use of ICS is not transparent to the HLR.  It is currently expected an ICS subscriber must be provisioned with CAMEL services to allow outgoing calls to be routed to IMS.  ICS may further impact the HLR based on the methods chosen to implement the various services.  This paper provides a quick survey of the changes which will be needed on the HLR, including some optional scenarios.  It also proposes sections in the TR to contain HLR related information, and lists some decisions which need to be made and which will impact the HLR. 
2. Analysis: ICS and HLR Related Issues
2.1 ICS Required Features
It is currently reasonable to assume an ICS subscriber needs to be provisioned with the following services:

1. CAMEL Services: This will allow the call to be diverted by the network from the 2G system to the IMS system.  Services which were previously provided via CAMEL may need to be migrated to IMS e.g. in the case of a VCC subscriber so the service was available when the VCC UE was attached only to IMS. 
2. USSD Support: This is widely discussed method which may be used by a UE in the 2G network to communicate with IMS.  The HLR needs to correctly route IMS related USSD messages to the correct network element for processing.

More such services may evolve based on analysis, for instance, SMS. These assumptions should be captured in the report at some location. 

2.2 Call Forwarding Impacts
Call forwarding data is some of the most important data the HLR maintains.  It allows services such as Voice Mail in addition to routing a call to an alternate destination. The HLR does the processing for incoming Call Forwarding in many cases, and provides the Call Forwarding data to the serving VLR/MSC in cases where the VLR/MSC does the actual forwarding.
The HLR maintains four types of Call Forwarding Data: Unconditional (CFU), Not Reachable (e.g. not registered on any serving system) (CFNR), No Answer (CFNA), and Busy (CFB).  The HLR also maintains this information for the three major bearers (Speech, Fax, and Data).  It is assumed that ICS will only apply to Speech, but this assumption needs to be verified.  The HLR may therefore contain up to 12 different Call Forwarding values, 4 of which may be impacted by ICS. 

Call Forwarding Busy and Call Forwarding No Answer may be used for ICS based on the implementation.  It may be possible for the ISUP to signal back to the IMS Border Gateway that the call is “not answered” or the UE is “currently not reachable”.  However CFB or CFNA would provide another way to have the existing MSC logic route the call in these conditions back to the IMS.  The HLR would need to store these Call Forwarding values so they could be provided the VLR/MSC at registration time.  Note that the “Call Busy Forwarding” and “Call Forward, No Answer” service viewable by the subscriber would actually use the values in ICS to complete the call, and these values would not be the same as exists in the HLR.  The HLR values would be simply to help progress the call to the point where ICS could complete the call to the proper destination.  Call Forwarding Not Reachable (or Not Registered) could also similarly point to an IMS destination to allow the ICS forwarding to take over in these cases.

Call Forward Unconditional impacts may vary widely based on the actual ICS approach taken.  It is very possible that ICS will be offered to existing subscribers who have the option to accept or reject the service.  This leads to a situation where the PSTN will be routing the call to the same Gateway MSC instead of a Border Gateway for IMS.  A subscriber who is to receive ICS will need to be forwarded in some way to a Border Gateway, and CFU is a likely candidate for doing this.  CFU would be provisioned with the number of the Border Gateway supporting this subscriber, and the call will be sent to this location.

This would also be the case if only Speech calls are to be sent to IMS, and Data and Fax calls handled via the existing processing. 

This forwarding, however, does raise an issue with the existing ICS call termination flows.  The Border Gateway (emulating an GMSC) will query the HLR for this subscriber’s location again, and the HLR should respond with the current serving system information and not CFU information.  Replying with CFU would set up an “infinite loop”, and not allow the call to be delivered.  

This problem has several potential solutions, but the easiest would seem to be having the HLR distinguish between the “normal” GMSC and the “ICS” GMSC.  E.164 address would seem to be a straightforward way to do this, but other approaches could be to have the ICS GMSC pass a new parameter to the HLR to identify itself.  

2.3 Call Barring Impacts
Call Barring is also expected to be able to be supported via ICS.  However, this implies the Call Barring data provided to the VLR/MSC allows interaction with the IMS system.  Barring All Incoming Calls (BAIC) in the 2G network would effectively disable ALL incoming 2G incoming calls, including the ICS related calls.  It is expected that the 2G system will have all the Incoming Call Barrings disabled (since they will be disabled in IMS prior to reaching the 2G system), and that Outgoing Call Barring would allow calls to the IMS Border Gateway.  This may imply allowing International Calls to the Home Country, for instance, if the IMS Border Gateway is located in the Home Country.  The TR should record these assumptions. 
2.4 Roaming Impacts

The situation where the Border Gateway is in the Home Country which causes an International Call to the Home Country situation could be corrected if an operator has a Border Gateway in the same country as the visited network.  However, this would mean that the address data in the CAMEL information would need to be changed based on where the subscriber was registered.  This could be highly desirable, however, and worth a modification to the HLR.  
2.5 Supplementary Service Modifications

The HLR is responsible for receiving several messages (Register SS, Activate SS, Deactivate SS, etc) to control existing Supplementary Services.  As has already been determined, some of these services must be active and other must remain inactive at the 2G level, even if the subscriber wants to have them activate at the ICS level. 

The requirements on the HLR in this matter depend closely on the abilities of UE being offered ICS.  Three different classes of UE’s can be considered:

1. Unmodified UE.  This UE class consists of 2G mobiles which are not modified, and may exist in the system today.  

2. ICS UE: This UE class is a 2G mobile which has been modified to use USSD or some other mechanism (e.g. GPRS or CS Data) to communicate back to ICS.  
3. VCC UE: This class of UE has the ICS modifications, and in addition can support VCC real-time handover to IMS.  The UE will also function as an IMS UE.
The ICS UE and the VCC UE can be modified so they will not issue the Register SS and related messages.  In these cases, the HLR does not have to support any new functionality; these requests don’t have to be refused simply because they will not occur. 

The interesting case then is the Unmodified UE.  It is clear that ICS could provide services to an unmodified UE since call termination does not depend on any UE modifications, and call origination is supported via CAMEL.  However, the Unmodified UE does require some modifications in the network to properly handle the Supplementary Services messages. 
New network elements could be proposed to intercept these messages, but the most straightforward approach would be to have the HLR modify its processing.  This has two major requirements:

1. Prevent the UE from modifying values (such as CFB) that the network needs to have set to a specific value to allow ICS to work properly.

2. Pass the requests for these service modifications to ICS for service. 
The first requirement may require modification to an existing HLR; however, in many cases this is trivial or already existing.  Operators already have the option, for instance, of using Call Barring and not allowing their subscribers to change it via the SS message set.  This would simply need to be extended to the other supplementary services as needed.   

The second requirement could be implemented in several different ways, but HP would like to re-iterate support for the idea that the HLR would pass the request to the HSS.  The HSS would indicate if the operation succeeded or failed (e.g. an operation may fail because the subscriber is not authorized for that service), store the result if it succeeded, and inform the service of the change via a “PUSH” of the information over the Sh interface.  Prior papers have shown this to be a reasonable and efficient approach. 
With support for these two requirements, most of the existing services provided in 2G should be able to be provided to an ICS subscriber with an Unmodified UE (Call Deflection and Explicit Call Transfer appear to be two exceptions).  

It is also worth pointing out that if this HLR to HSS mechanism is developed, then the ICS and VCC UE could also take advantage of it.  The VCC UE would have the possibility of changing the HSS information via IMS interaction, so a symmetrical HSS to HLR interface would be required.  This would also be required for a Unmodified and ICS UE if a Web based interface (or a speech controlled system) was developed to allow a subscriber to change the HSS in that way. 
2.6 Conditional ICS Support

One of the ideas accepted in the VCC discussions is that an operator may wish to support ICS in some networks, and not in others.  The HLR would provide 2G services “coordinated” with the ICS services (e.g. a call would be routed to the same voice mail system) in the cases where ICS was not offered.  This approach has a lot of impact on the HLR.

The HLR, for instance, may have to choose to forward the call to IMS (if ICS is active) or to the current serving VLR (if ICS is not active).  The HLR would also have to send non-ICS Call Forwarding and Call Barring data (which could be quite different from the ICS related values) during the registration process.  This data may need to available from the HSS (e.g. if Call Forwarding is active or not), may need to be stored in an “alternate profile” on the HLR (e.g. if a 2G specific number is used to access the Voice Mail system which is different than the HSS has stored), or a combination of the two approaches.   It is clear this has important impacts on the HLR. 
A separate section of the document may be needed to outline the required modifications to the HLR and/or the HSS to support the use of Conditional ICS.
3 Proposals and Conclusion
Based on the analysis above, the following decisions suggested to be made and documented in the TR (perhaps in Assumptions, Paragraph Section 5.1):

1. Does ICS apply to Speech calls only?  If so, consideration should be made about the impact to Data and Fax calling services for a 2G subscriber (even if this is that an ICS subscriber may not receive these services).  If not, then what will IMS do with the Data and Fax calls?

2. Are Roaming issues to be considered in the TR? Specifically, should the HLR provide different information to the VLR/MSC based on the roaming situation?

3. Is ICS (or a subset of ICS) able support Unmodified UE’s?  Or will all ICS related UE’s be assumed to be modified to support ICS?
4. Is ICS able to be offered selectively (e.g. based on roaming)? Or is ICS always offered if the network allows (e.g. supports CAMEL)?
The following sections are suggested to be added to the TR:

1. Add a subsection to Paragraph 5.2.2 to cover the HLR requirements needed to support ICS given the basic architecture (e.g. CAMEL subscription information).  
2. Add a subsection to Paragraph 5.2.2 to cover the HLR support of Conditional ICS Support if this is considered part of the “basic architecture”.  

3. Add a subsection to Paragraph 6.1.3 (and 6.2.3, etc) to capture the HLR impacts because of this option.  An example is to note the Call Forward Busy value needs to route to IMS if an alternative requires this. (Side note: This should be included in Para 5.2.2 if is decided this is part of the “basic architecture).

4. Add an Alternative where the UE is considered to be Unmodified, and determine the modifications needed to the system (including the HLR) to support this scenario.
5. Capture the decision if ICS is allowed to be offered conditionally.  If ICS is allowed to be conditional, decide if this may be placed in an Annex, be considered as an Alternate Architecture, or add a section to each Alternate Architecture to consider the needs of this specific approach in relation to Conditional ICS. 

