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Abstract of the contribution: This contribution proposes a modification to the existing VCC Architecture to allow IMS services to be offered.  This approach is a rather modest change to the Circuit Switched (CS) network but is still able to support existing UE’s so that they could receive IMS services.

1. Overview

As was shown in a prior contribution (S2-070143), the existing HSS is impacted by the use of ICS.  This can be limited to changes in an existing subscription, however, a modest change to the HLR/HSS could generate an ICS architecture that would support most (if not all) of the goals of ICS.
This paper provides a broad outline of the proposal.  Two other contributions explore more details of the HLR-HSS interaction, and the ability of this interaction to support Supplementary Services for UE’s. 

Please note that the term HLR is used to denote the CS capabilities of the HSS.  It also denotes an existing HLR which has no IMS capabilities that will need to interact with an IMS-capable HSS.

2. Background
2.1 Existing VCC Architecture
TS 23.206 provides the following diagram of the VCC architecture:
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Figure 1: VCC Reference Architecture

TS 23.206 also provides the procedures for originating and terminating calls, among others.  

A couple of items should be highlighted in the above architecture:

1. The HSS is already shown explicitly as part of the architecture in this diagram, but the HLR is not.  The HLR capabilities of the HSS are noted to exist as part of the “normal” registration of a CS subscriber (Paragraph 6.1.1 of TS 23.206).
2. The UE is allowed to communicate to the VCC Application via the V3 interface. 

The primary use of the V3 interface is to control services in IMS.  The protocol of the V3 interface was not specified and is intended to be developed in stage 3 of the VCC work.

2.2 Existing UE’s and VCC Architecture
It is obvious that VCC subscribers will have to co-exist with other non-VCC CS subscribers.   VCC as currently designed will not impact the service offered to non-VCC subscribers.  What has not been explored, however, is the extent to which an unmodified UE can take advantage of the VCC architecture.

An unmodified UE will not be able to change domains, by definition.  However, an unmodified CS UE can both originate and terminate calls via IMS in the VCC architecture.  This is both a surprising and interesting result.  Since this is true, an unmodified UE would be able to receive services from IMS (e.g. Call Forwarding, Call Barring, Number Translation, Prepaid, etc).  This would allow an operator to provide services not only to the new generation of handsets, but also to the currently deployed UE’s.   Existing UE’s would probably not be equipped with video capabilities and other features which would be useful in IMS.  However, these are still very capable devices, and a wide variety of new services might be available to them if they are able to access IMS services. 
One issue to be resolved with an unmodified UE is the ability to send Supplementary Services requests to the existing CS network.  The current VCC Architecture does nothing to prevent this.  Processing such a request can, at best, cause confusion to the subscriber.  The request could also prevent a service from working correctly in the worst case.   An example of a confusing situation is where the subscriber is able to “turn on” a service (such as Incoming Call Barring) via the successful 2G SS command, but the service (now offered in IMS) is not actually turned on.  An example of the worst case is where CS Call Forwarding is somehow activated by the subscriber leading to calls not being routed to IMS as anticipated by the VCC Architecture.
Another issue is that the unmodified UE does not have the V3 interface to the VCC Application, and so cannot pass information directly to IMS.  The V3 interface may be over an existing interface (such as USSD) the unmodified UE does have available, but the man-machine interface might be so complicated that using it for IMS service is not practical.  Expecting a user to type in “#*123*71237891029” in order to activate call forwarding, for instance, would probably be unreasonable.  It is worthwhile to note that some simpler interfaces might be able to take advantage of these existing paths, but that it is unlikely that this path will be able to support all the services the subscriber will want (i.e. all the existing CS services).  It is clear that some method is needed for an unmodified UE to control services in IMS in order to make this a commercially viable service. 
The ability of the unmodified UE to send Supplementary Service requests and the inability (or reduced ability) to send V3 commands creates a problem to be solved. 
3.0 Proposal
One possible solution to this problem is to modify the HLR to act differently when it receives a Supplementary Service request.  The HLR currently takes a variety of actions when an SS request is received, such as checking to make sure the subscriber is authorized for the service, making sure any data values provided for the service (e.g. Forward To Numbers) are legal, and making sure that a requested service doesn’t conflict with existing services (e.g. Call Barring and Call Forwarding).   
This current network processing is summarized in TS 23.011 as follows:

When an MSC receives a request for either activation/deactivation or registration/erasure or an interrogation, it invokes one of the following procedures.

The MSC then can:

‑
contact only the current VLR (e.g. interrogation of a call forwarding conditional supplementary service);

‑
contact only the HLR (e.g. interrogation of the supplementary service call forwarding unconditional);

‑
contact the HLR, after which the HLR updates the VLR (e.g. registration of a forwarding number for a conditional call forwarding supplementary service).

Which of the above listed procedures is applied for a call independent supplementary service operation is described in the corresponding 3GPP TS 23.08x and 23.09x ‑series.

Successful activation, deactivation, registration and erasure change the service state at the HLR. These transitions (if applicable to a particular service) are defined in the 3GPP TS 23.08x and 23.09x ‑series. Note that the HLR may also change the service state due to "HLR Induction" (see subclause 2.1.1).

In connection with supplementary service operations the served subscriber or remote subscribers may get notifications from the network. 
Notice the vast majority of messaging goes to the HLR, with the only exception being a subset of interrogations requests which are handled by the VLR.  All activations and deactivations involve the HLR in the processing, for instance. The HLR completes the processing by sending messages (if needed) to the VLR to implement request.  This approach allows the HLR to provide the same state information (and hence the same services) to the next VLR when the mobile moves to a new system. 
The HLR, then, is the center of control for services provided the unmodified UE.  The UE makes a request to the HLR, and the HLR satisfies this request by modifying parameters as needed in itself or the network.  How does this concept apply in this case?

ICS wishes to have IMS supply the service.  Because of this, communications from the UE related to the service need to be relayed to the IMS AS providing the service.  The main idea of this contribution is that the HLR is able to provide this link.  The modified HLR will turn to the HSS to activate or deactivate the service in IMS rather than sending a request to the VLR for the service.  The existing interface to the UE is left intact, however.
3.1 HLR/HSS Interaction
This architecture has the modified HLR and HSS form a second path which allows UE information to flow to IMS.  This is shown graphically in the next figure:

[image: image2]
Figure 2:UE to IMS paths including HLR/HSS path.

The Sh messaging sounds like it would be less powerful than the SIP messaging from the VCC AS.  This is not the case, however.  Since the IMS service data is permanent data, it will need to be stored in the HSS.  An AS receiving a SIP command will need to generate an Sh message to store the information at some point.  In this case, the HSS will actually originate the Sh message, and will have the data already stored.

Using this approach would be most natural for permanent state data related to the service (e.g. if the service is active or not).  The mechanism, however, could also be used to transfer what would normally be regarded as temporary data (e.g. current registered system address) if this is important for the execution of the service. 
One potential impact of the HLR/HSS path is that the number of commands which are needed on the V3 interface are reduce.  Another contribution will address if the number of commands can be reduced to zero (at least in some cases).
4.0 Analysis
This paper has discussed several issues related to the HLR/HSS modification to the VCC architecture.  The following sections outline the advantages and disadvantages of the approach.
4.1 Advantages

This architectural modification has several advantages:

1. Supports existing UE’s without modifications to the VLR, MSC or any other CS element.

2. Reduces the complexity of new UE’s by allowing re-use of existing mechanisms and reduces the number of commands for the V3 interface. 
3. Supports roaming without modifications to the roaming network.  This follows since the VLR and MSC are unmodified.
4. Allows for the re-use of existing HLR service logic.

5. Allows for a modest expansion in new IMS services which could be controlled by the UE (please see SS related contribution for supporting analysis).

6. Re-uses the existing HSS/AS interface which is already defined in the VCC architecture. 

7. This approach can be used in conjunction with other modifications to the VCC architecture, if desired.

4.2 Disadvantages

This architecture modification has the following disadvantages:

1. Requires modification to the existing HLR.

2. Requires interaction between the HSS and HLR.

3. Has some limitations on the existing services support for existing subscribers (please see SS related contribution for supporting analysis).
4. Has some limitations on migration to brand new IMS services.

Consideration of these items, however, shows these are not major disadvantages.  The required changes to the HLR consist of sending a different message (potentially) to the HSS, and may be only an issue of sending the existing messages to a new location.  It has been recognized for quite some time that HLR and HSS would have to interact, which is why they are collocated in the HSS in the Release 5 and beyond architecture.   Interaction between an existing HLR and a new HSS has been studied before, but not standardized.  This situation may be a good justification for such standardization.
The limitations on existing services are mostly for services which are not widely used (i.e. ECT and CD), and which do have an acceptable workaround (e.g. allow Call Waiting service to be offered at the same time to allow new calls to be delivered correctly).  Certainly this would seem to be commercially viable. 

The last limitation exists because the existing handset is assumed not to change.  Signalling to new IMS services would take the form of re-use of existing SS signalling (e.g. FAX Call Barring) or new USSD signalling.  This is not a long term issue, however, since new handsets would be expected to use V3 signalling and existing handsets will be replaced naturally over the course of a few years..

5.0 Summary and Conclusion
This paper has explored the impacts to the VCC architecture if IMS services are provided centrally and the HLR is modified to pass service requests to IMS via the HSS instead of using the V3 interface.  Overall the approach appears to offer support to existing UE’s which the current VCC architecture does not do, and provide it even in roaming scenarios which is not offered by any other current competing solution.  The change to the HLR/HSS is fairly modest, and could be deployed rather quickly compared to some of the other approaches.  
Overall, this appears to be a viable approach.  It is recommended the Technical Report include this as a possible architectural option. 
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