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1 Introduction

Service continuity between UMTS/IMS system and GSM/CS domain might be an important issue for the operators for providing seamless communications.

For the end user's experience of the service it would be nice to have a solution where the voice component of an IMS session is automatically transformed into a CS call when a mobile user goes out of coverage of UMTS/IMS service (Figure 1). This happens e.g. in places where only 2G coverage is provided. Currently, without a standardized solution for IMS to GSM hand-over, the user just looses its connection when he goes out of 3G coverage.
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Figure 1. UMTS/IMS-GSM handover.

This document presents a solution for executing UMTS/IMS-GSM call transfer based on the SIP's REFER method. To be precise the proposed solution is based on call reestablishment rather than on a conventional handover procedure like it is in GSM or UMTS system. This contribution discusses how to continue an ongoing session (containing at least a voice component) between two UMTS/IMS users when one of them moves from UMTS/IMS to GSM coverage. Figure 2.

The general assumption is that a mobile terminal after switching on registers on the CS domain and on UMTS/IMS domain. While being within coverage of UMTS/IMS domain the calls are realized within that domain. The CS domain registration is needed for successful paging in case of an incoming call from the CS domain. The call transfer procedure from UMTS/IMS to GSM will be triggered by the Refer message sent using a well-known URL.

2 Service continuity mechanism

The Figure 2 presents general view of the UMTS/IMS to GSM/CS domain service continuity procedure for the scenario of an ongoing call between two IMS users before the actual transfer from UMTS/IMS to GSM/CS domain has taken place. UE1’ is used to indicate “UE1 reachable in CS domain via MSISDN UE1”.

Important to note is that the service continuity mechanism is entirely controlled from the UE1 side of the network (left side of the dotted line on the picture). The result is that the same service continuity mechanism can be used regardless of the fact whether UE2 is a UMTS/IMS terminal or not (PC, PSTN, GSM terminal, …). 

The whole procedure can be described in six steps explained in the figures below. 
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Figure 2. Service continuity procedure - before transfer.

I. The initial situation is a mobile UE1 in IMS session with UE2 (the fact that UE2 is an IMS mobile is taken as an example). UE1 is also attached to the CS domain.

II. UE1 is moved (UMTS to GSM Hand-Over) to a place where Real Time service on PS domain is no more possible (e.g. there is no PS domain service in the GSM cell where UE1 has been handed-over). UE1 decides to use GSM domain to ensure service continuity for its on-going communication. 

III. UE1 sends a SIP REFER message using a well-known pre-defined sip URL, understood by AS1 which is serving UE1. REFER (Refer-To, Referred-By) = REFER (well-defined_URL, UE1). Preferably UE1 generates also locally a waiting tone / an announcement telling user1 that the call will be switched to the GSM-CS domain. UE2 is alerted by AS1 that a call transfer is ongoing. 
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Figure 3. Service continuity procedure - after transfer.

IV. Having recognized the pre-defined sip URL, AS retrieves the CS Domain MSISDN of the user 1 and establishes the leg towards the CS domain in order to reach UE1 via the MSISDN number. AS also sends a re-invite to UE2 with an SDP announcing a change of the IP @ where to send traffic (IP@ of MG instead of UE1 IP@), a drop of non-voice components, and possibly a change of voice codec. 

V. UE1 can carry out the Hand-Over / cell-change procedure any time after sending the REFER message (step III). As UE1 will most probably not be under UMTS/IMS coverage any more at this point in time (step V), we can not expect UE1 to release the PDP contexts that were established for the original IMS session (UE1-UE2). Therefore AS1 releases the resources for the original IMS session by sending a BYE message to UE1. 

VI. Finally only the new connection  (UE1’ – UE2) exists.

3 ADVANTAGES of the proposal with respect to previous Alternative solutions 

Previous alternative solution

An old obsolete 3GPP technical report 23.922 once suggested that handover between the UMTS-PS system and the GSM system could be realised introducing a new entity called an ISHF (Inter-System Handover Function). The ISHF was responsible for the hand-over signalling procedures to another core network, in addition to the establishment of a bearer connection between the source and target networks.
In addition to the ISHF there was a need for defining three new interfaces, namely: 
· Mx is the interface between ISHF and the R-SGW. 

· My is the interface between the ISHF and the GGSN.
· Mz is the interface between the ISHF and the CSCF.
Because of the complexity of the solution suggested 3 years ago in 23.922, the ISHF solution was abandoned and the ISHF was removed in later versions of the 3GPP IMS specifications. Currently there is no solution defined in 3GPP for hand-over/service continuity between IMS and CS. 

Advantages of the proposal in this contribution:

1) There is no need to introduce additional entity like ISHF translating signalling between the IMS domain and GSM domain. A hand-over using ISHF would imply co-operation between PS and CS domain mobility together with synchronization between IMS and CS call control events and hence would be very complex.
2) The use of a pre-defined URL avoids the UE1 having to know its MSISDN and then eases the procedure as the object of the REFER sent by the UE1 can be hard-coded in its SW. Furthermore if UE1 changes of MSISDN, the new call towards UE1’ does not need to go through Number portability procedures as the correct MSISDN is provided automatically by AS1.
3) The basic idea of the solution is to trigger the call reestablishment to the CS domain via the SIP signaling and to have the co-ordination of this procedure done in the network by the Application Server serving the user that is moving from IMS to GSM domain. In this way the hand-over procedure becomes in fact a service that the operator can sell to its customers.
4) Another advantage of coordination in the Application Server is that the UE that is moving from IMS to GSM/CS domain does not have to be bothered about the transfer of the call to the GSM domain. The application server takes care about it. Even if the UE drops out of IMS/UMTS coverage immediately after sending the first REFER message to the network, the application server can perform the entire service continuity to GSM procedure on the user’s behalf.
5) The service continuity procedure is independent of the type of terminal UE2. 

6) The only aspect of this proposal that requires standardization is the intelligence in IMS terminals to send the REFER message using the well-defined “service continuity” URL when moving to a place where teal time service over PS domain is no longer possible. How exactly an application server can transform a REFER to a well-defined URL into a redirection to CS domain, is service dependent and only explained as example is this contribution.
4 Commercial benefits.
From the commercial point of view the proposed solution offers following benefits for all involved parties namely: operators, manufactures and users.

Operators who will implement the solution will benefit from provision of a new value-added service differentiating them from whose who do not offer it. UMTS coverage might be much more limited than ubiquitous GSM coverage certainly at the beginning of UMTS deployment. The profit of the service continuity proposal will be maximal in areas where many people commute between residential areas and city centers.

From the Manufacturers side, all that’s needed is a simple software update in IMS mobiles. The intelligence in IMS terminals to send the REFER message using the well-defined “service continuity” URL is the only aspect of this proposal that requires standardization.

Users will benefit from the possibility to continue the voice component of an IMS session after leaving UMTS coverage. The switch between domains will be done automatically without user's participation. The user will receive only a notification and the service will continue.

5 Recommendation

As service continuity between UMTS/IMS and GSM is an important issue, it is strongly recommended that SA2 takes the proposal explained in this contribution into consideration for inclusion in the R6 version of 23.228.
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