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Abstract of the contribution: A current problem in SRVCC, SC and ICS that is inherited from VCC is that there are circumstances in which it is not possible to uniquely correlate a CS call (used, e.g., for SRVCC) with an IMS session.
Introduction
A current problem in SRVCC, SC and ICS that is inherited from VCC is that there are circumstances in which it is not possible to uniquely correlate a CS call (used, e.g., for SRVCC) with an IMS session.  This can occur if two or more UEs are registered and in calls with the same PUID, since the SCC AS has insufficient information to uniquely identify the UE associated with each PS session or CS call.
If this problem could be solved there would be many possible advantages.

1. A solution is required for SRVCC since it is not possible to dynamically assign a PSI DN to the MSC to uniquely establish the required correlation.

2. A solution to this problem is required to support all cases of PS to CS session continuity when none of the ICS solutions are available (no Gm, I1 or MSC enhanced for ICS).

3. The current procedures for PS to CS session continuity (without SRVCC) require a round trip of Gm/I1 signalling to dynamically assign a PSI DN to the UE before the UE can place the CS call.  With a solution to the correlation problem, the PSI DN could be assigned statically to the UE (as required for SRVCC) and Gm/I1 signalling could occur in parallel with the CS call, thus having two advantages:
a. The PS to CS session continuity procedures could be the same for all modes; and

b. The PS to CS session continuity procedure would happen more quickly since the CS call could occur in parallel with the Gm/I1 signalling without waiting for dynamic assignment of a PSI DN.

4. The current procedures for ICS call origination using Gm/I1 require a round trip of Gm/I1 signalling to dynamically assign a PSI DN to the UE before the UE can place the CS call.  With a solution to the correlation problem, the PSI DN could be assigned statically to the UE (as required for SRVCC) and Gm/I1 signalling could occur in parallel with the CS call, thus having the advantage:
a. The ICS call origination procedure using Gm/I1 would happen significantly more quickly since the CS call could occur in parallel with the Gm/I1 origination signalling without waiting for dynamic assignment of a PSI DN.
This paper proposes a solution to this correlation problem based on small modifications to existing procedures to allow the SCC AS to uniquely correlate every PS session and CS call with a specific UE.
Candidate Correlation Identifiers

Various identifiers have been proposed as possible correlation identifiers.  They are individually inadequate to solve the problem.

· GRUU.  The GRUU can uniquely correlate all PS sessions associated with a single UE, since they will all signal the GRUU during session establishment signalling, which passes through the SCC AS.  But the GRUU is unavailable for CS calls so it could be at most a component of a solution.  Instance id is a unique component of the GRUU which could also be used.
· MSISDN.  An MSISDN is associated with at most one IMSI/xSIM, which can only be installed in one CS mode device at a time, so can be used to uniquely discriminate among CS mode devices.  But the MSISDN is unavailable for PS sessions so does not provide a complete solution.  Also, there is no requirement for the MSISDN to be the same as the registered PUID for the ICS UE, so it is not clear how the SCC AS can correlate an MSISDN to a particular PS session.

· STN or STN-SR.  An STN and STN-SR are statically assigned to each UE, but many UEs must share the STN and STN-SR values to avoid spurious allocation of E.164 numbers for this purpose.  STN/STN-SR does not appear to be a good candidate for correlation id.
· IMSI.  The IMSI is unique to each xSIM, which can only be installed in one CS mode UE at a time, therefore could be used to uniquely correlate PS sessions and CS calls, except that the SCC AS currently has insufficient information to identify the IMSI for each PS session and CS call.

· Correlation ID (new).  A new Correlation ID could be defined and included in the appropriate signalling to enable the necessary correlation.

We propose the use the MSISDN as a correlation id to enable the SCC AS to uniquely identify the UE associated with each PS session and CS call, while minimizing changes to existing procedures, as described in the following two sections.  By identifying the MSISDN for each PS session and CS call, the SCC AS can uniquely correlate all PS sessions and CS calls to a specific UE.
Correlating a CS call to MSISDN
When originating a CS call for any of the applications listed in the introduction, we propose to use the MSISDN to help correlate the call.  MSISDN is available in either the ISUP Calling Party Number, the SIP P-Asserted-Identity, or in the CAMEL initialDP message, depending on the signalling procedures used.
While the MSISDN is always available when signalling via SIP or CAMEL, the Calling Party Number (MSISDN) is not always available via ISUP signalling.  The following cases exist when signalling the Calling Party Number for a CS origination:

1. For a CS call associated with ICS call origination using Gm/I1 or for dual-radio PS to CS session continuity procedure, the UE is always CS attached with subscriber data downloaded to the MSC.  Therefore the subscriber data in the HLR can be provisioned to ensure that, as necessary, either a CAMEL trigger is used to anchor the CS call in the SCC AS or the ICS flag is set to trigger the MSC to register with IMS on behalf of the UE before the CS call occurs.  In either case, the SCC AS will receive the MSISDN during CS call setup to assure that the SCC AS can identify the MSISDN for the UE.
2. For a CS call for SRVCC, if the UE is CS attached due to recent CS domain activity or due to combined attach procedure using SGs, then the exact same discussion applies as for case 1.  The subscriber data can be provisioned to assure that the MSC uses the procedures necessary (e.g., CAMEL) to communicate the MSISDN to the SCC AS during the CS call.
3. If the subscriber data for a UE is not available to the MSC prior to an SRVCC procedure, the CS call may nevertheless succeed if the intervening ISUP and/or SIP networks successfully communicate the Calling Party Number (MSISDN) or the MSC registers the UE by default with IMS and IMS accepts the registration.

4. If the subscriber data for a UE is not available to the MSC prior to an SRVCC procedure, and intervening ISUP signalling loses the Calling Party Number information (MSISDN), the SRVCC procedure will fail.
5. If the subscriber data for a UE is not available to the MSC prior to an SRVCC procedure, and intervening ISUP signalling loses the Calling Party Number information (MSISDN), an alternative to case 4 would be to allow the MSC to download the subscriber data after being signalled by the MME to begin the SRVCC procedure but before it places the CS call.  The discussion for case 1 would then apply to assure that the MSISDN is available to the SCC AS, but the extra signalling required to download the subscriber data may potentially cause the session continuity procedure to take longer than the target 300 msec.
6. If the subscriber data for a UE is not available to the MSC prior to an SRVCC procedure, there is another alternative to cases 4 and 5:  If the HSS downloads the CAMEL trigger information and ICS flag to the MME during E-UTRAN attach (in addition to MSISDN and STN-SR), then the MME can provide all of this information to the MSC at the start of the SRVCC procedure, thus avoiding the need for the MSC to download subscriber data.  This alternative performs as well as cases 1, 2 and 3.

We propose that the HSS downloads the CAMEL trigger information and ICS flag to the MME during E-UTRAN attach (in addition to MSISDN and STN-SR) so that they are available to the MSC to be used as necessary during the SRVCC procedure to ensure that the SCC AS can identify the MSISDN for each CS call.
To achieve the advantages identified in the Introduction, we propose that the following procedures use the same statically assigned STN for the Called Party Number in the corresponding CS calls rather than a dynamically assigned PSI DN or STN-SR as currently described.
· The dual-radio PS to CS session continuity procedures for Gm/I1 or neither; 
· The single-radio PS to CS session continuity procedures for Gm/I1 or neither (SRVCC) and
· The ICS origination procedures for Gm/I1 or neither.
This last recommendation assumes that a solution exists to uniquely identify the MSISDN for each PS session, for which the following section proposes a solution.
Correlating a PS session to MSISDN
As has already been discussed, the GRUU provides an excellent means for the SCC AS to correlate all PS sessions associated with the same UE.  Unfortunately, the SCC AS does not know which UE has been assigned a particular GRUU, so cannot correlate a set of PS sessions with a CS call (if the UE uses a PUID other than the MSISDN).  With the procedure in the previous section, each CS call can be correlated to a specific MSISDN and UE.  If the GRUU assigned to a UE can also be correlated to an MSISDN, then we have a complete solution.
We propose that the instance id for the GRUU for the UE be derived from the MSISDN in a deterministic fashion.  The SCC AS receives the GRUU during 3rd party registration and can associate any subsequent PS session or CS call with a unique MSISDN and GRUU.
If it is infeasible to derive the instance id from the MSISDN, we propose the following alternate procedure:
The ICS/SC/SRVCC-capable UE use a modified IMS registration procedure.  The Contact header in the Register request is modified to be of the form "MSISDN@IP-address", where the IP-address is the UE address according to existing procedures.  The SCC AS subscribes to reg-event for the UE so that it receives details of the UE registration including the Contact header used.

Since the SCC AS receives the UE registration information that identifies the GRUU associated with each MSISDN, the SCC AS can uniquely identify the MSISDN associated with each PS session by its GRUU.  
Note that the above discussion only applies to UEs that include a CS mode and that it is not necessary to assign a MSISDN to a PS-only device since GRUU can be used to successfully correlate all PS sessions associated with such a device.
Considerations for PS to CS service continuity

There are PS to CS service continuity procedures where Gm/I1 is either not available or is delayed until significantly after the CS call is placed (e.g., SRVCC).  In these cases it is necessary (in the first case) or highly desirable (in the latter case) for the SCC AS to update the bearer for the active session immediately without waiting for subsequent Gm/I1 signalling.  The SCC AS can only do this if it can identify a single active media stream among the existing sessions for a UE.  With the proposals in the previous sections of the paper, the SCC AS can uniquely identify all PS sessions associated with the SRVCC CS call, thus enabling this important optimization.

Note that the SCC AS cannot update the remote leg of any media stream if it cannot uniquely identify a single active one, such as when all streams are on hold or there is more than one active stream.

Note further that if there is a race condition involving incomplete session hold/resume/setup/release signalling during a service continuity procedure that would change the active media stream for a UE, there is no harm in the SCC AS performing recovery of the last known active media stream.  As soon as the signalling identifying the status of all sessions completes via the new access, the SCC AS can make further modifications to adjust all sessions accordingly.  At worst the new CS bearer will be used briefly for a media stream about to be decommissioned in favour of another.
Conclusions
This paper outlines a modest set of changes that when implemented together provide a way to uniquely correlate all PS sessions and CS calls associated with a UE, thus solving some fundamental problems in the current SRVCC and non-GM/I1 PS to CS service continuity solutions, and providing a means of speeding up all ICS origination and PS to CS service continuity procedures by eliminating the requirement to dynamically assign PSI DNs.
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