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Abstract of the contribution: This contribution proposes ways to resolve editor’s notes in rSRVCC alternative #1.  
Discussion

Getting the IMS registration status of the UE for setting the “rSRVCC possible indication” correctly

“The IMS registration of the UE is implicitly signalled by the ICS UE enhanced for rSRVCC through the “IMS anchoring performed” indication included in the CS call setup message. How the MSC enhanced for ICS gets the IMS registration status of the UE is FFS”

Proposal:

An existing way for an entity to be kept updated with an IMS registration status is for it to subscribe to the registration-event package. It allows that entity to get notified about the status of the IMS registration related to the public user identities a user owns. So it seems to be an appropriate tool to solve the aforementioned issue. 

1) MSC server enhanced for ICS:

An MSC server enhanced for ICS shall already subscribe to the registration event package, using the ICS identity. (Note that a pre-requisite for this to happen is that the “ICS flag” is set in the HSS for the user). 

As an addition to the basic behaviour of an MSC enhanced for ICS, an enhancement required for rSRVCC is for the MSC to be able to identify which Public User Identity is relevant among the set of Public User Identities reported in the notifications it receives. 

It can do that by looking for a Tel-URI matching the MSISDN received at Attach/Location Area Update in the Insert Subscriber Data from the HSS, or the C-MSISDN received in the PS to CS request at SRVCC handover.

2) MSC server not enhanced for ICS or case of an MSC server enhanced for ICS, but for a user without ICS subscription:
This case needs to be looked at in case we do not mandate the MSC server enhanced for rSRVCC to also be enhanced for ICS and the candidate user to rSRVCC to have an ICS subscription, which is the assumption made here.

An MSC enhanced for rSRVCC but not enhanced for ICS shall subscribe to the registration event package at Attach or Location Area Update. This allows the MSC to set the “rSRVCC possible indication” correctly at call establishment.

At SRVCC from the PS side, the MSC enhanced for rSRVCC it shall also subscribe to the registration event package once the SRVCC procedure has been finalized. As it knows that, at the time of the handover, an IMS subscription exists, it does not need to have subscribed to the reg-event package to decide how to set the “rSRVCC allowed indication” in the Handover Request/Iu Relocation Request it sends towards the BSS/RNS. 
In both cases, the Public User Identity used to subscribe can be deduced from the IMSI of the subscriber. The Public User Identity whose IMS registration state to monitor can be deduced from the MSISDN received in the Insert Subscriber Data from the HSS at Attach/Location Area Update, or from the C-MSISDN received from the MME at SRVCC.
Note that a release 9 S-CSCF would not accept such a subscription request: indeed, according to 24.229, chapter 5.4.2.1.1, the S-CSCF only accepts subscriptions from:

· all public user identities this particular user owns, that the S-CSCF is aware of, and which are not-barred;
· all the entities identified by the Path header field (i.e. the P-CSCF to which this user is attached to); and
· all the ASs listed in the initial filter criteria that are part of the trust domain;  

It is therefore required to add the MSC server enhanced for rSRVCC to that list. Such MSCs could be identified by defining special URIs that they should use to identify themselves in the SIP SUBSCRIBE they send to IMS. Security can be ensured by using trusted node authentication.   

The MSC shall terminate the subscription when the UE is handed over using rSRVCC to HSPA or E-UTRAN, when the UE detaches, or when a Cancel Location is received from the HSS.
How to handle IMS registration expiration while in the middle of the call
“How to handle IMS registration expiration during a call is FFS”

Proposal:

With the MSC subscribing to the reg-event package as previously described, the MSC will get notified in case the IMS registration expires while the call is still ongoing.

It is proposed here that if the MSC receives a request for rSRVCC handover, it shall reject it if the IMS registration of the UE has expired, indicating as a cause that rSRVCC is now impossible. 

In case a mobility procedure occurs, the MSC shall seize that opportunity to update the RAN about that change.   

Need for a special “rSRVCC allowed indication”
“Whether a new “rSRVCC allowed” indication is required remains to be confirmed. If the information elements already defined for SRVCC are enough the parts related to that indication in this chapter and in the following ones need to be revisited.”

Proposal:
It was proposed at the last meeting to introduce a new flag, called “rSRVCC allowed”. It needs to be carried in the following messages:

· In the Insert Subscriber Data sent from the HSS to the MSC at Location Area Update and Attach, so this indication is available for calls initiated on the CS side.

· In the PS to CS Request sent from the MME to the MSC at SRVCC handover, so that this indication is available for calls initiated on the E-UTRAN side, and handed over to the CS domain using SRVCC. 

The MSC needs to be sure that the HPLMN supports the procedures required for rSRVCC. Indeed, for the procedures specified in alternative 1 to work, the HPLMN needs to support Service Continuity procedures: the UE needs to have a STI for the transfer to be possible, and, based on the discussions related to the aforementioned editor’s notes, the MSC needs to know that it can subscribe to the reg-event. 
The alternative to introducing this new indication would be to reuse the information elements already available for indicating that SRVCC is allowed. In SRVCC, it is the presence of the STN-SR and of the C-MSISDN in the Attach or Tracking Area Update signalling from the HSS to the MME that indicate the SRVCC is allowed for the subscriber. It should be noted that this information is used in the SRVCC procedures themselves.

The issue is that the STN-SR and the C-MSISDN are already present in all cases in the PS to CS request sent from the MME to the MSC at SRVCC handover, because they are required in the IMS signalling from the MSC to the SCC AS. So they cannot be use for the purpose of indicating that rSRVCC is supported in the case at SRVCC handover.
As an alternative, the HPLMN capability to support rSRVCC could be configured, but it seems easier to have that conveyed in the signalling.
Therefore, an additional indication saying that rSRVCC is allowed seems necessary.

Handling of TAs/RAs with different VoIMS support

“It is FFS whether the UE is instructed to move to VoIMS in step 7 or in step 12”

Proposal:
The reason for that open issue was that the target cell might not support VoIP. 

It was therefore suggested that, instead of deciding on the source side that a handover to PS should take place, that decision could be deferred to the UE until it has moved to the target side, and has received from the core network the VoIP support indicator from the core network. 

We propose to let the source side decide the type of handover that should take place based on the configuration of the neighbour cell list, for the following reasons:

1) A similar issue exists in the case of SRVCC, and annex A in 23.216 suggests that the VoIP capability of the neighbour cells is configured on the source side. So the VoIP support of neighbouring UTRAN cells already needs to be configured for SRVCC.

2) For the E-UTRAN case, configuration on the source side is the only way to solve the issue – a handover to E-UTRAN should only be launched in case the target cell supports VoIP. Having different handling for rSRVCC to E-UTRAN and rSRVCC to HSPA seems to add unnecessary complexity.
Therefore, it is proposed to keep the sequence as is, and add similar notes in flows for rSRVCC to HSPA flows as in the ones for rSRVCC to E-UTRAN, saying that the VoIMS support needs to have been configured on the source system. 

Proposal

Proposed update to TR 23.885:

Begin Change
6.1.2
Information flows
6.1.2.1
GERAN/UTRAN Attach procedure

The UTRAN/GERAN Attach procedure for an SRVCC from UTRAN/GERAN to E-UTRAN capable UE is performed as defined in TS 23.060 [6] with the following additions:

1) The UE indicates to the network its capability to perform SRVCC from UTRAN/GERAN to E-UTRAN as follows:

a) In case of a network of Network Mode of Operation type I: 

· The “rSRVCC capability indication” is sent by the UE in the Attach Request message sent to the SGSN at combined GPRS/IMSI Attach, and in the Routing Area Update Request message at combined RA/LA Update.

· If received by the SGSN, the “rSRVCC capability indication” is transmitted by the SGSN to the MSC in the Location Updating Procedure.

b) In case of a network of Network Mode of Operation types II or III: 

· The “rSRVCC capability indication” is sent by the UE in the Location Updating Request it sends to the network.

2) If the subscriber is allowed to have rSRVCC in the VPLMN, the HSS shall include the “rSRVCC allowed” indication in the Insert Subscriber Data sent to the MSC at Attach or at Location Area Update.
3) The MSC enhanced for rSRVCC shall subscribe to the registration event package at Attach or Location Area Update. This will be used for it to monitor the IMS registration status of the UE. 
4) Editor’s note: whether this is possible in case the MSC does not register the user on behalf of the UE (as an MSC enhanced for ICS does) is FFS.
5) Editor’s note: Whether the MSC can correlate the registration status received from the SCC AS with the identity used by the UE in the ongoing session is FFS.

6.1.2.2
E-UTRAN attach procedure

The E-UTRAN attach procedure for 3GPP rSRVCC UE is performed as defined in TS 23.216 [7] with the following additions:

1) rSRVCC UE includes the “rSRVCC capability indication” as part of the "MS Network Capability" in the Attach Request message and in Tracking Area Updates.

2) If the subscriber is allowed to have rSRVCC in the VPLMN, the HSS shall include the “rSRVCC allowed” indication as part of the subscription data sent to the MME.

6.1.2.3
Call establishment procedure in GERAN/UTRAN

In case the MSC server enhanced for rSRVCC determines that rSRVCC is allowed for a given call, it shall include an “rSRVCC possible indication” to the RNS/BSS at call set up to/from an rSRVCC capable UE in:
1) The RAB Assignment Message sent over the Iu-CS interface for a network in Iu mode.
2) The Assignment Request sent over the A interface for a network in A/Gb mode.

The setting of the “rSRVCC possible indication” by the MSC shall at least take into account the following elements:

1) rSRVCC capability of the UE
The “rSRVCC capability indication” is received from the GERAN/UTRAN to E-UTRAN SRVCC capable UE at Attach or Location Area Update, see section 6.1.2.1.

2) Authorization of the user for rSRVCC

The “rSRVCC allowed” information is received from the GERAN/UTRAN to E-UTRAN SRVCC capable UE at Attach or Location Area Update, see section 6.1.2.1.

3) Prior anchoring of a voice call in the SCC AS
At call establishment, the rSRVCC capable MSC server shall consider the call as anchored in the SCC AS in the two following cases:

a) The voice calls was initiated by the UE on UTRAN/GERAN using CS domain procedures and the MSC has itself anchored using ICS procedures (which can only be the case if the MSC is enhanced for ICS).

b) The voice call was initiated on GERAN/UTRAN by a UE enhanced for ICS, using the Gm or the I1 interface for service control purposes.
To enable the MSC enhanced for rSRVCC to distinguish such calls, rSRVCC capable UEs which are also ICS capable (as defined in [3]) shall include an “IMS anchoring performed” indicator in a CS CALL SETUP message corresponding to bearer control signalling for a call established using Gm or I1. The presence of that indicator shall be understood by the MSC enhanced for rSRVCC as the fact that the UE has anchored the call in IMS using ICS capabilities.
4) IMS registration status of the UE


Additionally, operator policies or local policies could be used for the MSC enhanced for rSRVCC in setting the “rSRVCC possible indication” sent towards the RNS/BSS at call establishment.

The BSS/RNS shall use that indication to decide for which cells the UE shall report measurements, as a basis for triggering a SRVCC handover from GERAN/UTRAN to E-UTRAN/HSPA.
6.1.2.4
SRVCC from E-UTRAN/HSPA to GERAN/UTRAN

The procedures defined in 6.2 and 6.3 of TS 23.216 ([7]) apply with the following additions:

If received from the UE and the HSS respectively, the MME/SGSN shall include the “rSRVCC capability indication” as well as the “rSRVCC allowed” in the SRVCC PS to CS Request it sends to the target MSC (via the MSC enhanced for SRVCC).

In case the MSC server enhanced for rSRVCC determines that rSRVCC is allowed for a given call, it shall include an “rSRVCC possible indication” to the RNS/BSS in the Handover Request/Iu Relocation Request it sends towards the BSS/RNS.
Once the SRVCC handover procedure is over, the MSC enhanced for rSRVCC shall subscribe to the registration event package at Attach or Location Area Update. This will be used for it to monitor the IMS registration status of the UE.
Editor’s note: whether this is possible in case the MSC does not register the user on behalf of the UE (as an MSC enhanced for ICS does) is FFS.
Editor’s note: Whether the MSC can correlate the registration status received from the SCC AS with the identity used by the UE in the ongoing session is FFS.
6.1.2.5
Handover procedure in GERAN/UTRAN

If the CS domain call is subject to radio-level handover (e.g. intra-RAT, inter-RAT, intra-MSC, inter-MSC, etc) while remaining in the CS domain, the “rSRVCC possible indication” needs to be forwarded to the target radio access (RNS/BSS) provided that it still applies. 

Editor’s note: the way this information is conveyed needs to be further detailed.
6.1.2.6
Call flows for SRVCC from UTRAN/GERAN to E-UTRAN

6.1.2.6.1
SRVCC handover from GERAN without DTM support to E-UTRAN
Depicted in Figure 6.1.2.6.1-1 is a call flow for SRVCC handover from GERAN without DTM support to E-UTRAN. 
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Figure 6.1.2.6.1-1: SRVCC handover from GERAN without DTM support to E-UTRAN
At the beginning of the call flow, all PS bearers are suspended. The source system is configured to know that the target MME/TA where the UE is moving support IMS VoIP.

1. Based on UE measurement reports the source BSS decides to trigger a handover to E-UTRAN.
2. Source BSS sends a Handover Required (Source to Target Transparent Container) message to the source MSC.

3. Source MSC executes the inter-MSC handover procedure by exchanging Prepare HO Request/ Response messages with the MSC Server. The MSC server checks whether the IMS registration of the user on the UE is still valid or not. In case it is not, it rejects the handover request, indicating in the cause value that rSRVCC is not possible any longer. That should trigger the RAN to reconfigure the cells the UE shall measure. If the IMS registration is still valid, the MSC Server signals successful CS handover without allocating any E-UTRAN resources.
4.  Source MSC sends a Handover Required Acknowledge message to the source BSS.

5. Source BSS sends a Handover Command to the UE instructing it to perform a CS to PS handover to E-UTRAN. Note that this message does not contain any transparent container information. 

6. UE re-tunes to E-UTRAN radio and performs a TAU procedure as specified in TS 23.401 [5]. UE uses the Active flag in the TAU Request to MME to resume the suspended SIP signalling bearer and any other suspended non-voice bearers. The MME requests the context from the source SGSN. The MME will inform S-GW and PDN-GW(s) to resume the suspended bearers
7. Subsequently UE initiates the Session Transfer procedure e.g. by sending a SIP INVITE (STI) message to the SCC AS. Standard IMS Service Continuity procedures are applied for execution of the Session Transfer, see TS 23.237 [4]. As part of this procedure the remote end is updated with the SDP of the IMS access leg. The downlink flow of VoIP packets is switched towards the PDN GW at this point.

8. The IMS triggers a network-initiated dedicated bearer activation for the voice component.

9. The IMS releases the CS access leg which result in release of resources in the MSC Server.

6.1.2.6.2
SRVCC handover from UTRAN or GERAN with PS handover support to E-UTRAN

Depicted in Figure 6.1.2.6.2-1 is a call flow for SRVCC handover from UTRAN or GERAN with PS handover support to E-UTRAN, including the handling of the non-voice component. E-UTRAN neighbouring cells have to be configured in UTRAN/GERAN for the purpose of measurements. The source system is configured to know that the target MME/TA where the UE is moving support IMS VoIP.
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Figure 6.1.2.6.2-1: SRVCC handover from UTRAN or GERAN with PS handover support to E-UTRAN
1.
Based on UE measurement reports the RNS/BSS decides to trigger a handover to E-UTRAN.

2.
Source RNS initiates PS relocation. The following steps are performed:

a) Source RNS/BSS sends a Relocation Required (Source to Target Transparent Container) message to source SGSN.

b) Source SGSN sends a Forward Relocation Request message to the target MME including information about the non-voice component only.

3.
In parallel to the previous step, the source RNS/BSS initiates CS relocation. The following steps are performed:

a) Source RNS/BSS sends a Relocation Required (Source to Target Transparent Container) message to the source MSC.

b) Source MSC sends a Prepare HO Request to the MSC Server.

c) The MSC server checks whether the IMS registration of the user on the UE is still valid or not. In case it is not, it shall reject the handover request, indicating in the cause value that rSRVCC is not possible any longer. That should trigger the RAN to cancel the relocation procedure that was started towards the SGSN and to reconfigure the cells the UE shall measure. In case the IMS registration is still valid, the MSC Server sends a Forward Relocation Request (Source to Target Transparent Container) message to the target MME.
4.
Target MME synchronises the two Forward Relocation Request messages and requests resource allocation for the non-voice component only by exchanging Handover Request/Acknowledge messages with the target E-UTRAN.

5.
Target MME acknowledges the prepared CS relocation towards the source access. The following steps are performed:

a) Target MME sends a Forward Relocation Response (Target to Source Transparent Container) message to the MSC Server.

b) MSC Server sends a Prepare HO Response to the source MSC.

c) Source MSC sends a Relocation Required Acknowledge (Target to Source Transparent Container) message to source RNS/BSS.

6.
In parallel to the previous step, the target MME acknowledges the prepared PS relocation towards the source access. The following steps are performed:

a) Target MME sends a Forward Relocation Response (Target to Source Transparent Container) message to the source SGSN.

b) Source SGSN sends a Relocation Required Acknowledge (Target to Source Transparent Container) message to the source RNS/BSS.

7. Source RNS/BSS synchronises the two Relocation Required Acknowledge messages and sends a HO Command message to the UE instructing it to perform a handover to E-UTRAN, including the relocation of the voice bearer to the PS domain.

8. UE re-tunes to E-UTRAN radio and sends a Handover to E-UTRAN Complete message to the E-UTRAN.

9. Target E-UTRAN informs the target MME by sending a Handover Notify message.

10. Target MME completes the CS relocation. The following steps are performed:

a) Target MME sends a Forward Relocation Complete message to the MSC Server. MSC Server acknowledges the information by sending a Forward Relocation Complete Acknowledge message to the source MME.
b) MSC Server sends a Handover Complete message to the source MSC.

11. In parallel to the previous step the target MME completes the PS relocation. The following steps are performed:
a) Target MME exchanges Forward Relocation Complete / Acknowledge messages with the source SGSN.

b) Target MME performs the Update bearer procedure with the Serving GW and the PDN GW. At this point the relocation of all non-voice PS bearers is completed and the user data are flowing across E-UTRAN access in both directions.

12. UE performs a TAU procedure if required (e.g. due to UE mobility under CS coverage).
13. UE initiates the Session Transfer procedure e.g. by sending a SIP INVITE (STI) message to the SCC AS. Standard IMS Service Continuity procedures are applied for execution of the Session Transfer, see TS 23.292 [3] and TS 23.237 [4]. As part of this procedure the remote end is updated with the SDP of the IMS access leg. The downlink flow of VoIP packets is switched towards the PDN GW at this point. This step can occur in parallel with step 12.
14. The IMS triggers a network-initiated dedicated bearer for the voice component.
15. The IMS releases the CS access leg which result in release of resources in the MSC Server.

6.1.2.7
Call flows for SRVCC from UTRAN/GERAN to HSPA

6.1.2.7.1
SRVCC handover from GERAN without DTM support to HSPA
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Figure 6.1.2.7.1-1: SRVCC handover from GERAN without DTM support to HSPA

At the beginning of the call flow all PS bearers are suspended. The source system is configured to know that the target MME/TA where the UE is moving support IMS VoIP.
1. The UE reports that a UTRAN has now good quality by sending a Measurement Report to the BSS. Based on that input, the BSS decides to trigger SRVCC to UTRAN/HSPA. 

2. Source BSS sends a Handover Required (Source to Target Transparent Container) message to the source MSC.

3. Source MSC executes the inter-MSC handover procedure by exchanging Prepare HO Request/ Response messages with the MSC Server. The MSC server checks whether the IMS registration of the user on the UE is still valid or not. In case it is not, it shall reject the handover request, indicating in the cause value that rSRVCC is not possible any longer. That should trigger the RAN to reconfigure the cells the UE shall measure. In case the IMS registration is still valid, the MSC Server signals successful CS handover without allocating any E-UTRAN resources.

4. Source MSC sends a Handover Required Acknowledge message to the source BSS.

5. Source BSS sends a Handover Command to the UE. The Handover Command includes an indication that this is a CS to PS handover.

6. UE re-tunes to UTRAN radio and performs a RAU procedure to resume the suspended SIP signalling bearer and any other suspended non-voice bearers.

7. Subsequently UE initiates the Session Transfer procedure e.g. by sending a SIP INVITE (STI) message to the SCC AS. Standard IMS Service Continuity procedures are applied for execution of the Session Transfer, see TS 23.292 [3] and TS 23.237 [4]. As part of this procedure the remote end is updated with the SDP of the IMS access leg. The downlink flow of VoIP packets is switched towards the PDN GW at this point.

8. The IMS triggers network-initiated dedicated bearer activation for the voice component.

9. The IMS releases the CS access leg which result in release of resources in the MSC Server.

6.1.2.7.2
SRVCC handover from UTRAN or GERAN with PS handover support to HSPA

Depicted in Figure 6.1.2.3.2-1 is a call flow for SRVCC handover from UTRAN or GERAN with PS handover support to HSPA, including the handling of the non-voice component. The source system is configured to know that the target MME/TA where the UE is moving support IMS VoIP.
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Figure 6.1.2.7.2-1: SRVCC handover from UTRAN or GERAN with PS handover support to HSPA
1. Based on UE measurement reports the RNS decides to trigger a handover to UTRAN/HSPA.
2. Source RNS initiates PS relocation. The following steps are performed:

a) Source RNS sends a Relocation Required (Source to Target Transparent Container) message to source SGSN.
b) Source SGSN sends a Forward Relocation Request message to the target SGSN including information about the non-voice component only.
3. In parallel to the previous step, the source RNS initiates CS relocation. The following steps are performed:

a) Source RNS sends a Relocation Required (Source to Target Transparent Container) message to the source MSC.

b) Source MSC sends a Prepare HO Request to the MSC Server.
c) The MSC server checks whether the IMS registration of the user on the UE is still valid or not. In case it is not, it shall reject the handover request, indicating in the cause value that rSRVCC is not possible any longer. That should trigger the RAN to cancel the relocation procedure that was started towards the SGSN and to reconfigure the cells the UE shall measure. In case the IMS registration is still valid, the MSC Server sends a Forward Relocation Request (Source to Target Transparent Container) message to the target SGSN.

4. Target SGSN synchronises the two Forward Relocation Request messages and requests resource allocation for the non-voice component only by exchanging Handover Request/Acknowledge messages with the target E-UTRAN.

5. Target SGSN acknowledges the prepared CS relocation towards the source access. The following steps are performed:

a) Target SGSN sends a Forward Relocation Response (Target to Source Transparent Container) message to the MSC Server.

b) MSC Server sends a Prepare HO Response to the source MSC.
c) Source MSC sends a Relocation Required Acknowledge (Target to Source Transparent Container) message to source RNS.

6. In parallel to the previous step, the target SGSN acknowledges the prepared PS relocation towards the source access. The following steps are performed:

a) Target SGSN sends a Forward Relocation Response (Target to Source Transparent Container) message to the source SGSN.
b) Source SGSN sends a Relocation Required Acknowledge (Target to Source Transparent Container) message to the source RNS.

7. Source RNS synchronises the two Relocation Required Acknowledge messages and sends a HO Command message to the UE instructing it to move to UTRAN/HSPA for VoIMS.

8. Handover Detection at the target RNS. The UE sends an RRC message indicating the successful handover of the PS bearers to UTRAN/HSPA.

9. The Target RNS sends a Relocation Complete message to the Target SGSN.

10. Target SGSN completes the CS relocation. The following steps are performed:

a) Target SGSN sends a Forward Relocation Complete message to the MSC Server. MSC Server acknowledges the information by sending a Forward Relocation Complete Acknowledge message to the source SGSN.

b) MSC Server sends a Handover Complete message to the source MSC.

11. In parallel to the previous step the target SGSN completes the PS relocation. The following steps are performed:

a) Target SGSN exchanges Forward Relocation Complete / Acknowledge messages with the source SGSN.

b) Target SGSN performs the Update bearer procedure with the Serving GW and the PDN GW. At this point the relocation of all non-voice PS bearers is completed and the user data are flowing across UTRAN access in both directions.

12. UE performs a RAU procedure if required (e.g. due to UE mobility under CS coverage).

13. UE initiates the Session Transfer procedure e.g. by sending a SIP INVITE (STI) message to the SCC AS. Standard IMS Service Continuity procedures are applied for execution of the Session Transfer, see TS 23.292 [3] and TS 23.237 [4]. As part of this procedure the remote end is updated with the SDP of the IMS access leg. The downlink flow of VoIP packets is switched towards the PDN GW at this point. This step can occur in parallel with step 12.

14. The IMS triggers a network-initiated dedicated bearer for the voice component.

15. The IMS releases the CS access leg which result in release of resources in the MSC Server.
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