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Abstract of the contribution: This contribution analyzes the UE and the Supplementary Services (SS) which can be provided under the HLR/HSS Modification Architecture. The HLR/HSS Architecture is able to support unmodified UEs with most of the existing Supplementary Services
1. Overview

The end goal of any of the ICS architecture is the service that it can provide to the User Equipment.  This contribution explores the HLR/HSS Modification Architecture, and the services it is able to provide. 
2. Analysis
The vast majority of existing CS services are able to be supported directly in IMS via VCC as the analysis in the VCC TS shows.  The HLR/HSS Modification Architecture does not change the VCC architecture with respect to the available interfaces to be used for services.   A previous contribution has already noted that VCC is able to support call origination and call termination for unmodified UE. An interesting question, however, is what services can and cannot be supported for the existing, unmodified UE’s, and what impacts this has, if any, on VCC UE’s.  
2.1 Why Support Existing UE’s?
Is it even interesting to have existing UE’s supported by IMS?  These CS UE’s will, after all, be able to receive services from the existing CS network.  Service to CS UE’s via IMS could be useful for the following reasons:
1. New services involving only audio could be offered to existing customers.  Voice recognition and music related services might be examples of such services.

2. Service support could be consolidated into IMS.  It would be easier to support a single IMS based pre-paid system, for instance, than one service in IMS and another in GSM. 
3. Migrations from the existing CS networks to IMS are simplified if the services are already provided by IMS.
Given these reasons, it is useful to examine what can be done for an existing UE.

2.2 Existing UE’s
An existing UE has a couple of properties which should be highlighted:
1. The existing UE will continue to send Supplementary Service requests to the existing CS network.

2. The existing UE will not attempt to switch between the CS and IMS domains. 

This last attribute actually makes support of some supplementary services easier. Call Waiting and Call Hold, for instance, are easily be offered by the CS network without a problem when there is no domain transfer. 
Most of the Supplementary Services such as Call Forwarding and Call Barring are able to be supported easily by IMS for an existing UE as long as the provisioning aspect is handled.  Call Forwarding Unconditional and Call Forwarding Not Reachable, for instance, act solely on the incoming call termination.  Call Barring acts on both the incoming and outgoing calls.  These services and several others work in a very straightforward manner, and would be easy to implement in IMS.

Call Forward Busy and Call Forward No Answer are less straightforward.  Both of these services involve what happens after a call is extended to the MSC/VLR.  Two different paths could be followed:

1. The Border Gateway element in IMS may obtain enough information for IMS to process the request.  The Border Gateway should receive a “Call Busy” indication directly from the VLR/MSC.  The Border Gateway could also time the amount of time the subscriber is alerted, and does not respond.  Both of these conditions could be reported back to IMS.

2. The VLR/MSC can use the existing CFB and CFNA settings to forward to specific IMS related Call Forwarding Numbers to indicate these conditions have been encountered.  This would present the challenge of relating the original call to the CFB and CFNA call legs.  CAMEL services might be one possible solution for this issue.

This area obviously could and should be explored in more depth, but it is clear solutions are possible.  
Two uncommon services are more difficult to support in this environment.  Call Deflection and Explicit Call Transfer, for instance, make an incoming call from IMS to appear to have the handset busy, when in reality the phone is available for another call (please refer to Figure 1).
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Figure 1: Call Deflection Scenario which shows an available UE as busy.

A VCC UE could solve the problem by signalling IMS automatically over the V3 interface when the situation occurred, and allow IMS to know that it was idle.  A legacy UE, however, would not have this option.   
There may a simple way to solve this issue.  If the subscriber also had Call Waiting/Call Hold service, it would be possible to route subsequent calls to the subscriber.  The call would terminate normally (from the perspective of the subscriber) in that the second call would ring the UE if ECT and CD were invoked.  Call Waiting would also work correctly if ECT or CD was not invoked and the subscriber was actually on a call.  It would seem to be to be a reasonable restriction to offer ECT and CD only if Call Waiting is also offered.  This would seem especially true since ECT and CD are not widely used services at this time.
2.3 Overloading Underused SS Messages
An existing UE also has the problem of trying to use new services.  It is reasonable to assume that a new IMS service will need some input from a subscriber to operate properly.  This may be as simple as turning the service on or off, and may be as complicated as providing several parameters.  Since these are new services, there are no corresponding  SS messages which can be used.  Indeed, if all the existing Speech Supplementary Services are being offered to the subscriber then those messages are best used for those services. 

One possible option would be to use Fax and Data SS messages.  These existing CS services are often undersubscribed.  Facsimile and circuit switched data have most of the same Supplementary Services offered as speech, but are not as commonly used in the market.  Situations where supplementary services are unused allows for an opportunity to re-use these messages for an unrelated IMS services.  
The activation of Facsimile Call Barring, for example, could be passed to IMS as a request for an unrelated IMS service to be turned on instead.  One disadvantage to this approach is that the subscriber’s handset will probably represent this as turning on Fax Call Barring.  However, this may be acceptable for subscribers who want the new service, and are not willing or able to obtain a new handset at this time.
It should also be noted that Web based provisioning is becoming more common, and would allow a subscriber to control their IMS subscription over an Internet interface.  This has the advantage of allowing for a much friendlier and powerful interface for the provisioning task.  Simple USSD commands could also be used to do the tasks which need to be on the handset itself (e.g. turning the service on and off).    

2.4 Impact on New ICS/VCC UE’s

UE’s which support ICS only or both ICS and VCC will have the option of supporting the V3 interface.  This certainly will be useful for the introduction of new IMS services unrelated to any of the existing CS services.  The V3 interface could also be used to support IMS providing the existing CS services.  However, as has been shown, an ICS or VCC UE would also have the option of using the existing signalling methods to achieve the same functionality.  Since it is likely the VCC and ICS handsets will have to support these methods anyway (e.g. they are roaming in a CS network which only allows CS services) the use of this option may reduce the complexity and cost of the handsets. 
3.0 Summary and Conclusion
It would appear that the VCC architecture with the addition of the HLR/HSS Modifications can support the existing Supplementary Service set in IMS for an unmodified UE.  Most of these services will be straightforward; however some (like ECT and CD) present some challenges.   It is also possible to use Fax and Data SS messages to interact with new IMS services, although USSD messaging and Internet based provisioning may also share some of the burden.  
It is recommended these conclusions be included in the ICS TR. 
































































3. Alternate destination answers, and maintains the call leg from the Border Gateway, making it appear the Original UE is still busy. 
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2. Signalling extends call to the UE, but the UE “deflects” the call.
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