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Abstract of the contribution: The paper summarises the various correlation problems when using shared IMPUs and proposes a single solution to solve them all.
1. Introduction and Problem Description
An IMS user is allowed to register the same IMPU with several devices. As discussed in several meeting this leads in conjunction to three correlation problems:
1. How to correlate CS and SIP call legs in case of domain transfer?

[image: image1]
Figure 1 – How can the SCC AS detect the correct UE?
2. How to avoid reaching a terminal twice (via CS and in parallel via IMS)?
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Figure 2 – UE-2 should not be reached parallel via PS and CS

3. How to prevent forking in case of media splitting between CS and IMS?
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Figure 3 – How to suppress forking?

All this problems are related the fact that the UE isn’t IMS registered via the CS domain and IMS (or more precise, the SCC AS) cannot rely on registered contacts to identify the UEs properly.
As the problems are similar, a single solution suitable to fix all the above correlation problems is beneficial.
2. Solution for correlating CS and SIP call legs in case of domain transfer
At the time of registration, the S-CSCF obtains a Correlation-id (i.e. MSISDN) from the HSS, which is bound to the IMS private identity. The S-CSCF provides the Correlation-id to the SCC AS by help of 3rd party registration or registration event.
When an INVITE containing the MSISDN as a calling party identity arrives from CS domain, after domain transfer, the SCC AS can identify the UE, because it got the UE’s MSISDN during IMS registration.
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Figure 4 – Correlating CS and SIP call legs in case of domain transfer
1. The UE initiates a SIP INVITE towards the B-party (in red). This INVITE is routed to the originating S-CSCF and, based on iFC, to the SCC AS.
2. When the UE performs a Dual Radio domain transfer or in case of SR-VCC domain transfer, the CS network sends a CS SETUP using the STN (in blue). The MSC Server/MGCF receives the CS SETUP and sends an INVITE towards the STN with the MSISDN as a CLI (it fills the MSISDN to the p-asserted-identity header). The INVITE is routed, per regular procedures in TS 23.228 (e.g. based on iFC, or PSI termination) towards the SCC AS. If the ISUP signaling did not carry the CLI, the gsmSCF provides the MSISDN from the CS core network (VMSC) via CAMEL protocol in the SCC AS.
3. The SCC AS receives the same correlation ID (the MSISDN) in the original INVITE towards the B-party and in the INVITE towards the STN (Session Transfer request). Based on the same correlation ID, the SCC AS is able to find the right anchored session(s).
3. Solution to avoid parallel ringing
Like already described for the domain transfer case, the S-CSCF obtains a Correlation-id (i.e. MSISDN) from the HSS during registration and provides the Correlation-id to the SCC AS by help of 3rd party registration or registration event. 

When an INVITE is coming for the UE, the SCC AS compares the Correlation-id with all public ids of the user to correlate CS and IMS accesses.
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Figure 5 – Avoid parallel ringing

1. A SIP INVITE arrives at the SCC AS (in red).
2. The T-ADS function within the SCC AS compares Correlation-id received from S-CSCF during registration and compares it with the public ids of the user.

3. The T-ADS decides to route the call to IP-CAN (red) and decides, based on the comparison in step 2, not to route the call via CS access (blue). 
4. Solution to avoid forking

Again S-CSCF obtains Correlation-ids (i.e. MSISDN) from the HSS during registration and provides the Correlation-id to the SCC AS by help of 3rd party registration or registration event. 

When an INVITE is coming for the UE, the SCC AS compares the Correlation-ids with all public user ids of the user to control forking.
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Figure 6 – Suppress forking

1. An INVITE with speech and video media arrives at the SCC AS (in red).
2. The T-ADS function of the SCC AS decides to split the session towards UE-2, but keep it combined for UE-1.
3. Based on the comparison of Correlation-ids with all public ids of the user, the SCC AS is able to correlate CS and IMS accesses. It initiates three INVITEs:
· both INVITES towards the IP-CAN are enhanced by the Correlation-id to indicate that S-CSCF shall not fork either request,

· the INVITE towards CS access is routed using the CSRN of UE-2.
4. UE-1 receives speech+video via IMS, UE-2 receives video via IMS and speech via CS access.
The above functionality does not overlap with the solution based on ICS feature tags as agreed in CT1; because ICS feature tags just allow distinguishing between direct IMS registrations and registrations via the MSC Server enhanced for ICS, but do not offer CS/IMS correlation when the user has access to IMS via legacy MSC Server. So the solution above can be seen as an extension to the use of feature tags and extends correlation when using legacy MSC Servers.
5. Other use cases which may benefit from correlation feature
It has been debated whether the correlation issue exists only in SCC AS or is it more generic problem. If the problem is isolated to SCC AS only, it would support the thinking that the impact of the solution needs to be limited to SCC AS, i.e. impacts to the S-CSCF, or Cx or Sh reference points should be avoided. On the other hand, if the problem is more generic, the solution should be implemented in S-CSCF and HSS in a way that it is equally available to any application server which needs the correlation information. 

SRVCC correlation is clearly an SCC AS issue, not a generic problem.
In R8 the T-ADS is implemented in SCC AS as part of ICS and SC. But, also TS 23.221 defines the T-ADS function which is able to route the session to the UE via CS or PS domain, based on e.g. the registration status in each network. This implies that the T-ADS functionality is not specific to SCC AS; but a generic IMS feature. 

PNM has been defined in TS 23.259 in R8. PNM manages multiple devices belonging to the same user. Each device may be reachable via IMS or CS, or both. The session destined to one device can be redirected to the other device of Personal Network. PNM service is provided by PNM AS. It seems the PNM would need a similar correlation feature than T-ADS. It was unclear to the authors whether the correlation problem has been solved by other means in PNM AS, or the problem has not been recognized and the PNM lacks the correlation feature.
R9 has a work item for LCS Control Plane solution in EPS. The LCS is required e.g. in IMS emergency service, where the E-CSCF and PSAP may obtain the location of the UE from the LRF. In the control plane solution the LRF implements a GMLC as described in TS 23.271. The GMLC then further inquires the position of the UE e.g. from MME in case of E-UTRAN. In order to obtain the location of the UE from the GMLC and MME, the GMLC needs to known the IMSI of the UE. The E-CSCF or PSAP is not aware of the IMSI of the UE, in E-CSCF and PSAP the calling party user is identified by the public user identity (SIP URI or Tel URI), and the UE may be identified by SIP instance-id, when available. As GMLC is not aware of any of these identities, there must be mapping from IMS public user identity to IMSI. This can be achieved with the help of correlation binding; the calling party identity (E.164) is bound to the IMPI and IMPI can be used to obtain the IMSI. It seems E-CSCF and LRF should have similar correlation information available, as discussed with SCC AS. 
6. Proposal

- conclude that both SRVCC correlation and T-ADS correlation are similar problems and a common solution should be found
- conclude that CS MSISDN – IMPI binding is the basis for a solution on correlation problems

- conclude that similar correlation information seems to be needed also for other services than ICS and SC.  
2. T-ADS compares corr-id received from S-CSCF during 3rd party reg and compares it with the public ids of the user; here T-ADS decides to route the call to IP-CAN
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2b. INVITE: MSISDN




































































3rd party registration provides corr-ids
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1. INVITE     R-URI=111 (speech+video)





1. INVITE















































How to suppress forking?





4. INVITE CSRN (speech)
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2. INVITE     R-URI=111 (speech+video)





3. INVITE     R-URI=111 (video)
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Avoid parallel ringing via CS and PS!





3rd party registration provides corr-id
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3. Performs correlation and correct call leg handling
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1. INVITE (speech+video)
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4. INVITE: Contact















































3. INVITE: Contact















































The corr-ids are added to INVITEs sent to IP-CAN.
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Obtains corr-id during IMS registration
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1. INVITE: Contact















































2a. CAP: MSISDN
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2. T-ADS decides to split the session towards UE-2, but keep it combined for UE-1.
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Obtains corr-id during IMS registration





3. S-CSCF receives the corr-ids and suppresses forking for 4a and 4c








4a. INVITE: speech+video















































4c. INVITE: video










































































Obtains corr-ids during IMS registration
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4b. INVITE: speech
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