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Abstract of the contribution: This contribution proposes a solution to minimize this service interruption gap when the user subject of a SRVCC procedure is roaming and especially how a V-SCC-AS for SRVCC in VPLMN may be inserted in the signalling path. 

1 Introduction
Having an as short as possible interruption gap at SRVCC is key for the success of the roll-out of Voice over IMS and especially the VCC part of the SRVCC procedure is the critical part to be optimized. 
One requirement from the Study Item is to take into account both roaming and non-roaming case. In roaming cases, with the Rel-8 SRVCC specifications, SCC AS is located in the home PLMN which may result in longer signalling delay for the execution of Session Transfer. In order to avoid this additional delay, a possible solution is to locate part of SCC AS functions in the VPLMN. Whether this is feasible, what functions of SCC AS could be located in the VPLMN and how this work would require study.

This contribution details why and how a V-SCC-AS for SRVCC in VPLMN may be inserted in the signalling path. 

It is important 

1. to understand the improvements brought by locating some SCC AS functions in the VPLMN;
2. to understand how to locate some SCC AS functions in the VPLMN, while leveraging on the existing SRVCC procedure, i.e. providing a minimum set of modifications  to already deployed SRVCC solutions while ensuring backward compatibility;
a. Especially, the other functions of the SCC AS (IUT, ICS…) shall not be modified. 

2 Solution X: locating some SCC AS functions in the VPLMN
2.1 Improvements brought by locating some V-SCC AS functions in the VPLMN 

The Session Transfer part of the SRVCC procedure is made up of 2 sub-parts:

1. A call from the MSC server to a SCC AS (call from MSC targeting the STN)

2. A session update from the SCC AS towards the remote party to notify that the IP addressing for the voice media of the SRVCC user has changed. 

There is no need to actually wait for the session update to be received by the remote terminal itself:  the first IBCF/IBGF in the path from the SCC AS towards the remote user may process locally the session update by changing the IP addressing (IP @, UDP port) to be used to send the voice media towards the SRVCC user. This will save the inter-PLMN part of signalling which may experience significant delay variations depending on the network architecture: it depends on particular on whether the SRVCC UE is roaming or not, and how far in terms of crossed nodes; on where the Remote UE HPLMN is located; and on whether the Remote UE is roaming, and how far again.
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Based on this assumption, only the first sub-part of the Session Transfer procedure (call from the MSC sever to a SCC AS) needs to be optimized. This call (from the MSC server to a SCC AS) may take a duration that may differ depending on whether the user is roaming or not, i.e. depending on the SCC AS location. Especially when the user is roaming, the call from the MSC server to a SCC AS may take a fairly long time as the signalling flow has to cross many nodes including nodes at the border between Visited and Home PLMN.

Thus locating the subset of SCC AS functions that handle the SRVCC procedure (from native IMS to CS domain) decreases the duration of this SRVCC procedure, as well as it provides delay stability since it does not depend anymore from the UEs location.
2.2 How to locate some SCC AS functions in the VPLMN

The call setup from a MSC server to a SCC AS within a SRVCC procedure fulfils following principles (refer to 23.216 [1]) for both E-UTRAN to UTRAN/GERAN and UTRAN to UTRAN/GERAN cases:

1. SRVCC relies on the called E164 number (STN) for SRVCC to CS domain invokation  to be stored on the HSS (actually routing towards this E164 /STN value targets the SCC AS allocated to this user for SRVCC);
2. The HSS passes the STN allocated to an user to the new MME/SGSN upon Mobility Management procedure (at Attach or at mobility between MMEs/SGSNs);
3. The MME/SGSN passes this information to the MSC over Sv during SRVCC handover procedure;
4. The MSC initiates a new call to the STN whose value has been received from the MME/SGSN that has invoked the SRVCC handover procedure.
Inserting a V-SCC AS dedicated to SRVCC and located in the VPLMN shall respect these principles.
Inserting a V-SCC AS dedicated to SRVCC is thus enforced as follows:
1. The solution described below assumes that a P-CSCF in the current VPLMN is chosen. If the P-CSCF being used is not in the VPLMN or if the VPLMN does not support the procedure described here after, the SRVCC works as per (existing) 3gpp Rel8/Rel9 procedures;
2. The V-SCC-AS is a SCC AS located in VPLMN and exclusively deals with SRVCC procedures providing mobility from native IMS to CS domain. The other functions of the SCC AS (IUT, ICS…) are not be handled by the V-SCC-AS and are not modified. Adding a V-SCC-AS does not prevent the HPLMN from adding a SCC AS (in HPLMN) per the mechanisms described in 23.237 [2] and 23.292 [3];
Note: the actual location (separate node, co-located with another function) of the V-SCC-AS is out of the scope of standard.

3. At EPS/PS attach, the STN associated with the SCC AS in HPLMN is passed from HSS/HLR to the MME/SGSN per Rel8 23.216 procedure. The STN associated with the SCC AS in HPLMN is called later H-STN;
4.  A P-CSCF supporting the V-SCC-AS insertion, determines (at UE REGISTER) that an UE is to be subject to V-SCC-AS insertion when following conditions are met:
· this P-CSCF is handling a mobile SRVCC capable UE, and

· roaming conditions are detected by the P-CSCF, 

· local VPLMN policies (e.g.  the VPLMN is willing to support V-SCC-AS insertion)
5. When an UE is subject V-SCC-AS insertion, the P-CSCF adds a V-SCC-AS in the Route of IMS REGISTER issued by this UE. 
· Upon reception of such REGISTER, the V-SCC-AS adds itself in the Path ([5]) sent to the S-CSCF. This ensures that the V-SCC-AS will see and may process all IMS signalling targeting the UE;
· Upon reception of an indication of a successful REGISTER (200 OK), the V-SCC-AS allocates a V-STN value for the user and provides it to the MME/SGSN. When the ME/SGSN receives a V-STN value,  This V-STN value supersedes in the MME/SGSN the STN value received from HSS;

· The STN associated with the SCC AS in VPLMN is called later V-STN. The way to provide the V-STN value to the MME/SGSN is described in the next section;

6. When an UE is subject V-SCC-AS insertion, the P-CSCF always adds the same V-SCC-AS in the Route of IMS sessions for MMTEL service initiated by this UE. Thus the V-SCC-AS will see and may process all signalling for sessions initiated by the UE for MMTEL service.
Note: Adding the V-SCC-AS in the Service-Route (i.e. at REGISTER response) is not possible as an intermediate proxy is not allowed per RFC 3608 [4] to alter the Service-Route:

“intermediate proxies   SHOULD NOT alter the value of Service-Route in REGISTER responses, and if they do, the UA MUST NOT be required to accept the alteration”
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7. There is no need to include any specific process in the V-SCC-AS within the path of an incoming dialog as the S-CSCF routes them according to the Path header that contains the identity of the V-SCC-AS. The V-SCC-AS acts per SCC AS behaviour only if the incoming dialog corresponds to an incoming INVITE for a MMTEL based session.

8. When process (a dialog for) a Voice call, the V-SCC-AS acts as a B2BUA (Back-to-back User Agent) per 23.237 procedures. This does not preclude a SCC AS from being inserted in the Home PLMN;
9. The SRVCC procedure work exactly as defined in 23.216, with the only difference that the STN value passed from MME/SGSN to the MSC server enhanced for SRVCC is the V-STN value rather than the H-STN value and that thus the V-SCC-AS rather than the H-SCC-AS is invoked. 
2.3 How to provide the V-STN to the MME/SGSN 

Following solutions may be envisaged:

1. Passing the information via the UE. This solution works as follows:

1. the V-STN value is provided to the UE via the P-CSCF together with the a result of a successful IMS registration. The way to provide the information is left for stage 3 discussions but as an example a dedicated P-header may be used.
· The V-STN is provided to the UE  together with a V-STN signature calculated using 
i. a key shared between the V-SCC-AS and the MME/SGSN (both being controlled by the VPLMN operator). 

ii. Some anti-replay value

iii. The V-STN itself
2. When the UE detects a positive (200 OK) answer to a REGISTER contains a V-STN value, if allowed by HPLMN policies on the UE, the UE issues a TA update/RA update to the MME/SGSN together with the couple (V-STN, V-STN signature). The signature is used by the MME/SGSN to ensure that the UE is sending proper information. 
The advantage of this solution is that it does not require an extra network interface. The drawback is that it requires the participation of the UE and thus requires Rel10 UE(s) in order that SRVCC enhancements are effective for the UE. However, this solution allows UEs compliant to 3gpp Rel8/Rel9 to inter-work as per 3gpp Rel8/Rel9 SRVCC behavior with an updated network supporting those SRVCC enhancements: such UE do not transfer a V-STN value to the MME/SGSN and thus at SRVCC, the MME/SGSN involve the SCC AS that is located in HPLMN, as per REl8/9 SRVCC procedure
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1. IP-CAN Attach per Rel8/9 procedure (refer to 23.401/23.060). The only modification is that if the UE has a valid V-STN (The IP-CAN attach is for Hand-Over purpose and the UE is IMS Registered and has received a V-STN as part of this registration), the UE provides the (V-STN, V-STN-signature) within the IP-CAN Attach. In that case the SGSN/MME stores the V-STN  in the UE context.

Note: The rest of the call flow assumes that the Attach is not for Hand-Over purpose and that the UE is NOT IMS Registered (and thus has not got a V-STN)

2. As part of the IP-CAN attach, the MME/SGSN gets from the HSS/HLR the subscription data of the UE. If a H-STN is received as part of this step, it is stored and will be used as STN as long as a valid V-STN has not been received from the UE

3. End of the IP-CAN Attach procedure per Rel8/9 procedure (refer to 23.401/23.060).
Note: the intermediate steps of the IP-CAN Attach procedure are not shown in the figure

4. IMS REGISTER per Rel8/9 24.229.

5. When it has detected that the UE is to be subject to V-SCC-AS insertion, the P-CSCF allocates a V-SCC-AS and Routes the REGISTER request via this V-SCC-AS. As part of this procedure, the P-CSCF puts its identity in the Path Header (per Rel8/9 24.229).
6. The V-SCC-AS puts its identity in the Path Header, in order to be in the path of incoming sessions targeting the UE

7. The S-CSF executes the IMS registration procedure per Rel8/9 24.229

8. The S-CSCF answers positively to the IMS REGISTER request

9. Upon detection of  a positive answer to the IMS REGISTER request, the V-SCC-AS allocates a V-STN and calculates its V-STN-signature

10. The V-STN and its V-STN-signature are passed as part the positive answer to the IMS REGISTER sent from V-SCC-AS to the P-CSCF

11. The V-STN and its V-STN-signature are passed as part the positive answer to the IMS REGISTER sent from P-CSCF to the UE

12. If  the V-STN has been received within the positive answer to the IMS REGISTER and is different from previously stored V-STN, the UE stores the V-STN and its V-STN-signature and issues an IP-CAN RA/TA Update
13. IP-CAN RA/TA Update with the V-STN and its V-STN-signature

14. If the V-STN-signature is correct, the MME/SGSN stores the V-STN. This value will be used (to transmit it to the MSC server over Sv) instead of any previously stored V-STN and H-STN as part of a SRVCC procedure

15. IP-CAN RA/TA Update Accept per Rel8/9 procedure (refer to 23.401/23.060).
2. Usage S6a/S6d Insert Subscriber Data towards the MME/SGSN. This solution works as follows:

1. The V-SCC-AS issues an S6a/S6d Insert Subscriber Data towards the MME/SGSN to provide it with the V-STN value.

· This solution works for all E-UTRAN to UTRAN/GERAN SRVCC handovers, but would only work for UTRAN to UTRAN/GERAN SRVCC handovers with SGSN that support S6d. If the SGSN does not support S6d, then SRVCC from 3G to 2G applies per REl8/REL9 i.e. usage of the SCC AS in HPLMN, and does not benefit from the above mentioned enhancements;
· In order to cope with cases where the HPLMN would also issue S6a/S6d Insert Subscriber Data towards the MME/SGSN to provide it with a new H-STN value, it could be studied whether the MME/SGSN manages 2 STN values = a V-STN and a H-STN one. In that case, when the MME/SGSN has got a V-STN value, the V-STN value would have precedence over the H-STN value. This would be the only modification required from MME/SGSN to support SCC AS for SRVCC in VPLMN. 

2. The V-SCC-AS thus needs to be in the signalling path between the MME/SGSN and the HSS/HLR:

a) The V-SCC-AS needs to act as a S6a/S6d Diameter Relay between the MME/SGSN of the VPLMN and the HSS/HLR belonging to other PLMN(s);
b) Upon S6a/S6d Update Location Request issued by MME/SGSN towards the HSS/HLR, the V-SCC-AS stores the association between the IMSI of the user and the Diameter @ of the MME/SGSN that serves the UE.;
c) When it processes the IMS REGISTER from the UE, the V-SCC-AS retrieves the IMPI of the user. Assuming the IMPI is made up based on the IMSI, the V-SCC-AS may determine the Diameter @ of the MME/SGSN based on the (IMSI , Diameter @ of the MME/SGSN) local table built in the step ‎b) above.

The advantage of this solution is that it does not require Rel10 UE(s). The drawbacks are that it makes the routing of S6a/S6d messages more complex, that it requires S6d capable SGSN and that it requires a mapping between the IMPI and the IMSI.
3 Proposed Changes 
It is proposed to add section 2 of this tdoc in the § FFS of TR 28.abc on SRVCC optimization.
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