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Abstract of the contribution: This paper discusses an unsolved issue on how to distinguish the correct terminal when two or more UEs share the one IMPU in case of Single Radio VCC.
1. Introduction
The issue how to correlate CS and SIP call legs in case of a domain transfer, when a user uses more than one terminal and those are sharing the same public identity, is not a new problem. Within Rel-7 VCC this issue has been discussed already and it was agreed to postpone the solution towards a later release.

In Rel-8, as part of the ICS approach, the use of dynamic STIs allows to separate UEs based on different dynamically assigned STIs. This of course requires static use of I1 and Gm to exchange the STI and it does not work, when Gm or I1 are not used or even not available (i.e. either not supported in the network or by the terminal).
And the dynamic STIs cannot solve the problem in case of Single Radio VCC, because here a STN-SR is statically configured in the HSS, downloaded during E-UTRAN attach and used by the SAE network to request domain transfer on behalf of the UE. There is no dynamic STI in use to separate two or more terminals using the same IMPU in IMS.
Section 2 of the current paper describes the problem with Single Radio VCC in more detail. Section 3 concentrates on a solution and section 4 explains why authors feel that GRUU does not solve the problem introduced in this contribution. Finally, section 5 provides a recommendation on how to proceed with the issue.
2. Problem description
The problem is described by help of figure 1 below.  Figure 1 shows two established calls, one call from UE1 (111) and another call from UE2 (222). Both UEs sharing and using the same IMPU 123 as A-party address to establish their calls.
Now the network realises that UE2 requires domain transfer towards CS and triggers Single Radio VCC by sending a CS SETUP with the A-party address set to 555 and B-party ID set to STN-SR (previously downloaded from HSS) towards the IMS.
But whatever A-party address is used to request domain transfer, the SCC AS cannot correlate the new call leg coming from CS with a certain UE, because both UEs used the shared IMPU 123 for establishing their calls previously in IMS.
The problem is how to find out the correct UE. There is no need to be able to identity a particular session within a single UE, because only one active voice session can be transferred between the domains. 
It should be noted that the problem exists also when the user has only one UE, but multiple implicit registration sets. Only one of these implicit registration sets can contain the MSISDN as tel URI, thus if the UE when it initiated the original session towards the B-party, used a PUID from the set which does not contain the MSISDN, the AS is not able to determine the UE based on the MSISDN, when it receives the Domain Transfer request. 

It should be also noted, that exactly the same problem exists also with Dual Radio domain transfers (non ICS). Here we use the SRVCC as an example, but the same solution can be used also for DR-VCC. 


[image: image1]
Figure 1: Problem to detect the right call leg when an IMPU is shared between two terminals and SR-VCC is initiated
3. How to solve this issue?
If two UEs share an IMPU in IMS the SCC AS is not able to identify or distinguish the UEs. But the S-CSCF is able to distinguish the UEs based on the established sessions in IMS and the received MSISDN from the Single Radio VCC request. So, S-CSCF can indicate towards the SCC AS for which of the two UEs domain transfer is needed.
How this works is shown in the following example:
UE1:

· MSISDN1=111; used for CS communication 

· tel: 111; used for IMS communication

· tel: 123; used for IMS communication personal and shared with the other device
· STN-SR: 555; used by the network to request single radio VCC
UE2:
· MSISDN2=222; used for CS communication 
· tel: 222; used for IMS communication
· tel: 123; used for IMS communication personal and shared with the other device
· STN-SR: 555; used by the network to request single radio VCC
UE1 establishes a session with UE4 and UE2 with UE3.  Both UE1 and UE2 share 123 and used it to establish these sessions. During the call origination procedure the S-CSCF must ensure that the SCC AS gets some sort of information, which allows the S-CSCF to indicate the correct call leg for a potential SR-VCC procedure later. The solution is to include a correlation ID in the INVITE from the S-CSCF to the SCC AS. In the figure 2 below, the correlation ID 111 indentifies UE1 and 222 points towards UE2.
Now the network requests SR-VCC for UE2 using STN-SR=555 and MSISDN = 222. The S-CSCF receives the domain transfer request, identifies the UE by help of the MSISDN and adds the correct correlation identifier=222 when sending the request further to the SCC AS. 
The SCC AS is now able to correlate the request with UE2 by using the correlation id which has the same value in the original anchored session from UE2 and in the domain transfer request from UE2, and the SCC AS is able to perform the correct call leg procedures to keep the connection with UE3.


[image: image2]
Figure 2: Example on how to solve the correct call leg correlation
The solution requires that the MSISDN is available to the S-CSCF in the domain transfer request. In practice this means that either CAMEL is used to reroute the CS call to IMS, or the MSISDN is available as a CLI to the MGCF in ISUP signaling. In addition, the solution requires that the MSISDN is not shared in IMS level between multiple UEs. The UEs may have another tel URI which is shared between them, but the MSISDN should be tied only to the corresponding private identity in the IMS level. In this way the S-CSCF is able to find the private identity based on the MSISDN.

The syntax for correlation id may be any string or token, also the MSISDN may be used. In any case, the S-CSCF must be enhanced to be able to find out the private identity and the corresponding correlation id based on the received MSISDN, and to populate the correlation id to the requests towards the SCC AS. 
The following figure explains how the S-CSCF fills the correlation ID to the requests towards the SCC AS.
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The UE initiates a SIP INVITE towards the B-party (in red). This invite is routed to the originating S-CSCF. Now the S-CSCF, based on the Contact address and the IMS registration binding, determines the private identity of the calling UE, and fills the corresponding correlation ID to the INVITE towards the B-party address. The S-CSCF executes the iFC and routes the INVITE to SCC AS. 

When the UE performs an SR-VCC domain transfer or Dual Radio domain transfer, the CS network sends a CS SETUP towards the STN (in blue). The MGCF receives the CS SETUP and sends an INVITE towards the STN.  If the MGCF received the MSISDN as a CLI, it fills the MSISDN to the p-asserted-identity header in the INVITE. If the ISUP signaling did not carry the CLI, the gsmSCF in the SCC AS receives the MSISDN from the CS core network (VMSC) via CAMEL protocol. In either case the S-CSCF receives the INVITE with MSISDN in the p-asserted-identity header. Now the S-CSCF uses the MSISDN to find out the corresponding correlation ID, and fills the correlation ID to the INVITE towards the STN. The S-CSCF executes the iFC and routes the INVITE to SCC AS. 

The SCC AS has received the same correlation ID in the original INVITE towards the B-party, and in the INVITE towards the STN (Domain Transfer request). Based on the correlation ID, the SCC AS is able to find the correct anchored session(s).

4. Why GRUU is not a solution for correlation?

One could think the GRUU could solve this problem somehow. If the UE supports GRUU, the SCC AS receives the GRUU in the IMS session originations and terminations. But the CS call via regular MSC does not contain a GRUU; the CS network which is used to initiate the domain transfer from PS to CS is not able to carry the device’s GRUU via ISUP to the SCC AS. Only if the MSC has been enhanced for ICS, the MSC would be able to obtain a GRUU. 

Another problem is that the GRUU is tied to the public user identity. This means the UE may use a different public user identity and GRUU in IMS session, which is used in CS call via ICS enhanced MSC. When this is the case, the SCC AS is not able to bind the sessions together.  

Another solution could be to use the GRUU as a correlation ID; i.e. the S-CSCF fills the GRUU based on the based on the private identity of the UE, which is obtained based on the received MSISDN, before it sends the CS originated sessions to the SCC AS. However, this solution would not work in other direction, i.e. when the UE places a CS call when not register in IMS, there is no GRUU for this UE, the S-CSCF would not be able to obtain a GRUU.
5. Proposal
The principle of the solution described in section 3, is that the S-CSCF includes a correlation ID in the INVITE from which the SCC AS is able to correlate the call legs. It is proposed to discuss about the proposed solution and if SA2 finds it feasible then the source companies are willing to propose CR(s) to implement it.
The benefit of this solution is that all related functions are implemented in one central point, S-CSCF, and that exactly the same solution works for SR-VCC and DR-VCC. 

There may be a concern that the correlation ID is a new attribute which must be carried in SIP requests, and this may require IETF involvement. This is not necessarily the case; if MSISDN is used as a correlation ID, it can be carried in p-asserted-identity header, together with the PUID which is used as a real p-asserted-identity. In this way SIP protocol extensions are not required. There may be other ways too, and in any case this is up to CT1 to decide.
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