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Abstract of the contribution: This discussing paper describes the use cases and recovery scenario when SRVCC failed due to incomplete IMS session continuity procedure.

1. Introduction

In Rel 10, the HSS can update the MME with a new STN-SR when a new ATCF is involved during IMS registration via Gm. This is part of the requirement for enhanced SRVCC work done in Rel 10.

Ref 23.237/6.1.2

The ATCF shall allocate the STN-SR when the user performs initial registration in the IMS. The STN-SR shall be provided through IMS and via third-party registration to the SCC AS. Depending on operator policy, the SCC AS may interrogate the HSS to know if the user is subscribed for SRVCC (via STN-SR) and if the UE is SRVCC capable. If both conditions are met, or based on operator policy, the SCC AS shall further provide the STN-SR to the HSS if the received STN-SR is different from the existing one that has been set, which in turn shall update the MME/SGSN.

NOTE 1:
If the SCC AS receives a third-party register without a STN-SR pointing to the ATCF, it will clear any existing STN-SR that has been set and provide a home network configured STN-SR. The SCC AS will need to ensure that the home network configured STN-SR can be restored in case of SCC AS failure (e.g., by storing it separately in the HSS as transparent data).

This paper describes the error and recovery scenario related to SRVCC with a use case that when HSS failed to update the MME with new STN-SR and yet EPS started the SRVCC procedure. I.e., the CS radio bearer reservation is successful but the voice media switching from PS to CS performed by MSC server failed, and how to recover from such scenario. Voice media switching from PS to CS performed by MSC server refers to sending out a session transfer request, i.e. sending out a SIP INVITE.
2. Discussion

The following figure-1 is copied from TS 23.216 v 11.2.0 to show this issue during SRVCC procedure with bad STN-SR. This issue is generic to both SRVCC to GERAN or UTRAN.
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Figure 1: SRVCC from E-UTRAN to GERAN without DTM support

Currently, the outcome of step 10 has no influence on step 13. It means that as soon as the CS Radio bearer reservation is successful in step 8 then MSS returns PS to CS Resp in step 13. This triggers the radio handover procedure from LTE to CS in step 16. 

There are some exceptional cases on why IMS session transfer procedure may fail in step 10 and 11. One reason is that the HSS failed to update the STN-SR in the MME, i.e. the STN-SR in MME is incorrect. In R10 with eSRVCC, the STN-SR points to the ATCF (in serving PLMN) where the session is anchored. The HSS updates the MME with the STN-SR pointing to the ATCF. It means that if ATCF is changed (e.g., UE roaming to new PLMN) then HSS needs to update the current MME with new STN-SR. The reasons why HSS update to MME has failed may due to transient network issue (e.g., signalling link congestion or bad network configuration, etc). 

The following figure-2 is copied from TS 23.237 to show the SIP level aspects of eSRVCC with using an ATCF:
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Figure 2: eSRVCC from E-UTRAN to GERAN without DTM support, SIP level aspects

If the STN-SR update failed, the SRVCC may or may not work anymore: if the STN-SR stored in the MME is the one pointing to SCC-AS (in HPLMN) then the SRVCC can continue to work as defined for R8/9 but without eSRVCC functionality. If the STN-SR pointing to the ATCF is from the previous/old visited network then neither SRVCC nor eSRVCC can work. This is because the INVITE from MSS (Step 2) is sent toward an ATCF which has no subscription info for the user. The end result is that the UE is handed over to CS side in MSS, but the access transfer from IMS to CS domain which is initiated by the INVITE (step 2) is not successful. The MSS can only release the CS call at this point and UE may return back to LTE. This kind of unrealizable SRVCC will continue to occur for this UE because MME has no idea that its STN-SR is invalid. 

Neither TS 23.216 nor stage 3 spec covers this error scenario.

3. Proposal
See S2-12xxxxx for new error handling procedure in TS 23.216 to allow the MME to detect and prevent SRVCC from re-occurring in this situation, i.e., when IMS session transfer leg creation failed. 

8
Handover Failure

8.1
Failure in EUTRAN/UTRAN (HSPA) and 3GPP UTRAN/GERAN SR-VCC

8.1.1
Failure before MSC Server initiates Session Transfer

If a failure is encountered before the MSC Server initiates Session Transfer, then the standardised handover failure procedures apply according to TS 23.401 [2]. No further action is required by the UE.

8.1.1a
Failure after MSC Server initiates Session Transfer

8.1.1a.1 Failure before responding to PS to CS HO request

If the MSC Server receives a negative response from IMS during the Session Transfer procedure (e.g., due to invalid STN-SR, etc) and the MSC Server has not yet responded back to MME with a positive PS to CS Response message due to successful target CS radio resource reservation, then MSC Server shall reject this PS To CS Request with a Reject cause pointing to “Session Transfer leg establishment error” and MSC Server shall release the CS radio resource at the target RAT.

When MME receives the PS to CS Response with a reject cause related to “Session Transfer leg establishment error”, MME shall respond back to E-UTRAN with Handover Preparation Failure with the SRVCC Operation Possible IE indicating “not possible”.. eNb shall not retry SRVCC handover for this session due to this SRVCC Operation Possible indication. MME shall set the STN-SR for this user to “null” and SRVCC Operation Possible indication to “not possible” to avoid future SRVCC invocation until it is updated by HSS. 

The following figure 8.1.1a-1 shows the overall procedure when the MSC Server aware of the Sessoin Transfer failure prior to responding to PS to CS HO request.
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Figure 8.1.1a-1: SRVCC Handover Rejection due to Session Transfer leg establishment error before responding to PS to CS HO request.

8.1.1a.2 Failure after responding to PS to CS HO request

If the MSC Server receives a negative response from IMS during the initiates Session Transfer procedure (e.g, due to invalid STN-SR, etc) and the MSC Server has aready responded back to MME with a positive PS to CS Response message due to successful target CS radio resource reservation, then MSC Server shall indicate to MME with an error cause pointing to “Session Transfer leg establishment error” in PS to CS complete notification message.

When MME receives this PS to CS Complete notification message with an error cause pointing to “Session Transfer leg establishment error”, MME shall set the STN-SR to “null” and SRVCC Operation Possible indication to “not possible” to avoid future SRVCC invocation until it is updated by HSS. 

The following figure 8.1.1a-2 shows the overall procedure when the MSC Server aware of the Session Transfer failure after the PS to CS HO request has been responded to MME.
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Figure 8.1.1a-1: SRVCC Handover Rejection due to Session Transfer leg establishment error after responding to PS to CS HO request.

8.1.2
Failure after UE receives HO command
If the UE encounters a failure after it receives the handover command and does not successfully transition to 3GPP UTRAN/GERAN, the UE attempts to return to E-UTRAN/UTRAN by sending a re-INVITE to the SCC AS. The core network (MME, MSC Server) shall take no SR-VCC specific action in the event of not receiving the Handover Complete message from the UE.

8.1.3
Handover Cancellation

If the source E-UTRAN/UTRAN decides to terminate the handover procedure before its completion, the MME/SGSN shall return to its state before the handover procedure was triggered. The MME/SGSN attempts to trigger, at the MSC Server enhanced for SRVCC, handover cancellation procedures according to TS 23.009 [18]. The MSC Server enhanced for SRVCC shall take no SRVCC-specific action towards IMS.

The MME/SGSN shall also send a session reestablishment trigger notification to UE to start the recovery procedure if it receives notification from the MSC Server that the Session Transfer procedure is in progress. Figure 8.1.3-1 shows the overall procedure for SRVCC handover cancellation.
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Figure 8.1.3-1: SRVCC Handover Cancellation Procedure

1.
Network has started the SRVCC procedure. SGSN/MME has sent the SRVCC PS to CS request to MSC Server.

2.
MSC Server is performing the CS HO procedure with target network, and has also started the Session Transfer procedure with IMS with STN-SR, see TS 23.237 [14].

3.
Source UTRAN/E-UTRAN decides to cancel the SRVCC HO Procedure by sending a Cancel message to SGSN/MME.

4.
Source SGSN/MME indicates SRVCC PS to CS Cancel Notification to MSC Server to start the HO cancellation procedure as according to TS 23.009 [18].

5.
MSC Server acks the PS to CS Cancel Notification with an indication that Session Transfer procedure is in progress.

6.
Due to the Session Transfer procedure in progress indication, the source SGSN/MME sends a Session Reestablishment trigger notification to UE to start the session re-establishment procedure

7.
UE starts the re-establishment procedure, by attempting to return to E-UTRAN/UTRAN by sending a re-INVITE towards IMS for the related session. If the session is no longer active, then this session transfer request shall be rejected by the IMS.
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