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Abstract of the contribution: This contribution shows all the issues related to VLR and MME failures with or without restart. It shows that UE IMSI Paging in E-UTRAN cannot be excluded in the cases the MME does not know the S-TMSI, and proposes a solution. It also shows issues with SGs IMSI paging current solution and proposes to solve them by extending to any SGs paging without LAI/TMSI the solution already approved at CT1 for the MT SMS case which consists in sending  Detach Request (IMSI) the UE that forces it to re-attach.
Discussion
Identity principles for LU Request and Paging Response
Prior to Rel-8, the Identity principles for LU Request and Paging Response were confirmed by CT1 response LS S2-112707 / C1-112193:

· Paging: On the UE side: a UE always answer Paging Request with the identity it received. On the network side: in a MT call, the VLR always receive in Paging Response the same identity as it sent in Paging Request.

· LU Request: A UE always uses the TMSI stored in the SIM/USIM in a LUR (if a valid TMSI is available).

CSFB introduction breaks paging principle for network side: In a CSFB MT call, a UE that is not in the registered LA will use a LU Request (with TMSI stored in the SIM/USIM since TMSI is available) as an implicit answer to SGs IMSI Paging. In addition, the recent DoCoMo CR S2-112637 (23.272 CR 0693) [1] where the MME converts SGs IMSI Paging into a S-TMSI Paging further violates the pre-R8 rule: the VLR will not receive the same identity as it sent in Paging Request.
LU Request/Paging Response (TMSI) as answer to SGs IMSI Paging
SGs IMSI Paging mainly corresponds to a CSFB MT call after VLR restart. Let’s assume that the MME has kept the S-TMSI and sends a Paging (S-TMSI to the UE). When the UE is in the same LA as registered LA, it replies with Paging Response (TMSI) – This solution was agreed in S2-112637 (23.272 CR 0693) [1]. When the UE is not the same LA as registered LA, it replies with a LU Request (TMSI). 

The MSC/VLR behaviour is as follows: In both cases (same LA and different LA), the TMSI stored by the UE is assumed not to be reallocated after VLR restart. As the TMSI stored by the UE is unknown at the VLR (local or not), the MSC/VLR needs to request the UE to return its IMSI and perform authentication. 
Issues with existing solution (23.272 CR 0693)
For the case the UE sent to a different MSC, MTRF has been specified, but the solution in 23.272 CR 0693 implies HSS upgrades if SGs paging is due to VLR restart (most likely cause of SGs IMSI paging): this is because, after a VLR restart, the TMSI stored in the UE has been removed from the network. Using TMSI in Location Update Request will imply the target MSC/VLR to send a MAP Send ID to the old VLR; but the TMSI is unknown for the old MSC/VLR.

=> Consequently MTRF triggering can only go through the HLR, and the HLR needs to support MTRF. All HLRs must be upgraded and that is a deployment issue for roaming cases. 

For the case the UE has not changed LA, as TMSI has been removed from VLR (at VLR restart), using TMSI in the Paging Response would result in the MSC/VLR having to process an unknown TMSI. This will result in the MSC/VLR requesting the IMSI to the UE, with authentication procedure and TMSI reallocation.   

Moreover, the reason for change of the CR 0693: “When the UE receives a paging message with IMSI, the UE shall detach then re-attach. This causes longer call setup time, and increased amount of signalling” is an incorrect statement. Indeed, IMSI Paging with CS indicator does not lead to detach/re-attach (Refer to TS 24.301 clause 5.6.2.3): the UE will respond via an Extended Service Request even if IMSI paged.  
· The detach/re-attach procedure only occurs if the UE is paged for EPS services in idle mode (Refer to TS 24.301 clause 5.6.2.2.2). 
· The call setup time of a detach/re-attach procedure is comparable with the solution in 23.272 CR 0693, which always results in the MSC/VLR initiated IMSI Request followed by authentication procedure and TMSI reallocation (see performances comparison at the end of the contribution). 

Other issues (MME does not know the S-TMSI)
- MME restart (w/o VLR restart)
When MME restarts, the SGs association is released. But the VLR can continue to send SGs TMSI paging which will be accepted by the MME for unknown UEs typically for a duration of periodic TAU timer after the restart. The MME does not know the S-TMSI and therefore will page the UE with the IMSI (with CS indicator) which is in the SGs TMSI Paging Request. Therefore, with the current specifications, the UE will respond with Extended Service Request to MME and will further respond with Paging Response (IMSI) to the MSC/VLR if LA has not changed; it will not be possible to route the Paging Response (IMSI) to the correct CN Node in A-flex configuration.
A possible solution would be for the MME to send IMSI Paging with PS indicator (the UE is in idle mode) that will force the UE to re-attach. It would also be possible to send an IMSI Paging with CS indicator followed by a Detach Request with re-attach indication to force the UE to do a combined EPS/IMSI attach. 
- VLR and MME restarts in the same hour (rare case)

At a MT CSFB call, the VLR retrieves the MME name and sends SGSs IMSI Paging to the MME. But the MME does not have the S-TMSI anymore, and needs to use the IMSI Paging instead.
Same issue as above. This can also be solved with a network controlled UE Detach/Re-attach procedure as above.

- MME failure w/o restart

As documented in TR 23.857, the VLR will select another MME in the MME pool. The new MME will not know the S-TMSI, therefore IMSI paging is the only possibility. Same issue as above, but in this case it is preferable that the MME sends IMSI paging with PS indicator since with the IMSI paging with CS indicator variant the UE would otherwise send its Extended Service Request that would be rejected by eNB or the MME (anyone of the pool) that would receive it. 

Proposed solution for SGs paging when the MME does not know the S-TMSI

Due to the drawback of the IMSI Paging with CS indicator in the case of MME failure w/o restart, the proposed solution is IMSI Paging for EPS services (with PS indicator) which will force the UE to re-attach per TS 24.301 clause 5.6.2.2.2. 
Specified behaviour for MT SMS already approved at CT1
CT1 has recently approved a CR (C1-113517) [2] to solve the case of MT-SMS after a VLR restart, where the SGs association state has become SGs-NULL. This CR mandates the MME to detach and re-attach the UE

Summary of change: “Upon reception of the SGs paging for MT SMS and no LAI was included in the paging request, then after the UE enters CONNECTED mode, the MME shall send a DETACH REQUEST message with detach type indicating "IMSI detach" to request the UE to re-attach to non-EPS services.”

Proposed solution for SGs paging without LAI/TMSI when the MME knows the S-TMSI: Extending specific MT SMS Detach/Re-attach to all cases
The proposed solution consists in extending the MT SMS specific solution to all the cases i.e. when a SGs paging without LAI/TMSI is received by the MME. The call flow is depicted in following figure: 

[image: image1]Advantages of this solution are:

· Solves all the issues due to VLR and MME failures with or without restart because it reassigns new TMSI and re-establishes SGs association

· Is homogeneous with the MT-SMS solution already specified

· Does not violate the Identity Paging principles (paging response with same identity)

· Does not impact the UE

· Allows the use of VPLMN-only MTRF procedure without the need for all HLR upgrades in roaming case

· Paging response is routed to the correct MSC/VLR in A flex network (since including TMSI),
· For already solved issues (SGs IMSI Paging) performances are equivalent as existing solution. See below. 
Performances comparison between existing solution (23.272 CR 0693) and Detach/Re-attach in E-UTRAN proposal
	
	23.272 CR 0693 existing solution
	Detach/Re-attach proposal
	Comparison

	UE has not changed LA
	The UE replies Paging Response (TMSI). As TMSI is unknown, the MSC will initiate IMSI Request to the UE. This delays the association of the paging response with the paging procedure.

Authentication will systematically be performed via GERAN/UTRAN.
	On receiving IMSI Paging with PS indicator, the UE will detach and re-attach. 

Authentication will systematically be performed via E-UTRAN.
	Equivalent delay. Maybe quicker with Detach/Re-attach procedure as signalling is performed in E-UTRAN (GERAN signalling is slow).

	
	TMSI Reallocation will systematically be performed via A/Iu. 
	Not necessary as TMSI is allocated during the SGs location update.
	· Detach/Re-Attach procedure is more efficient. 

· Detach/Re-Attach procedure results in less waiting time after the called party has accepted the call

	UE has changed LA
	The UE replies with LU Request (TMSI).  If the LA is on another MSC, the unnecessary MAP Send ID (and relaying Send ID in the MSC pool case) will fail and the new MSC will perform the IMSI Request from the UE. This delays the association with the paging procedure on the old MSC.

Authentication will systematically be performed via GERAN.
	On receiving IMSI Paging with PS indicator, the UE will detach and re-attach. 

Authentication will systematically be performed via E-UTRAN.

If the LA is on another MSC, as TMSI is allocated during the EPS/IMSI combined attach from the UE, MAP Send ID will be successful. No IMSI Request needed. 
	Same as above.

MTRF procedure takes equivalent delay in both cases. 

	
	Because the TMSI is unknown, MTRF procedure will need to exchange signalling with the HLR upgraded to support MTRF.
	After the re-attach from the UE, the TMSI is known and the MTRF procedure does not require HLR to support MTRF procedures.
	Unlike Detach/Re-attach proposal, the 23.272 CR 0693 existing solution requires an upgrade of all HLRs to support MTRF procedures. 


Proposal

To solve the VLR/MME failures with or without restart issues, it is proposed to agree with the following principles:
· for the cases of SGs paging without LAI/TMSI and the MME knows the S-TMSI: to force UE to re-attach to non EPS service as this will force the VLR to reallocate the TMSI before triggering CSFB, which will result correct routing of paging response in A-Flex, and in the use of VPLMN based MTRF (no need to upgrade all the HSS). 
In particular, it is proposed to agree to extend the solution approved at CT1 in C1-113517 [1] for the specific case of MT SMS to any SGs paging without LAI/TMSI i.e. to page the UE with IMSI paging with CS domain indicator if in idle mode, then to detach the UE via Detach Request (IMSI, re-attach indication); 
· for the cases of SGs paging with or without LAI/TMSI when the MME does not know the S-TMSI: to force UE to re-attach to EPS (and non EPS) as this will allow the MME to reallocate an S-TMSI, thus to allow subsequent CSFB with S-TMSI (upon new SGs paging request from VLR. 
In particular, it is proposed to page the UE with IMSI Paging for EPS services (PS indicator) to force the UE to re-attach.
· In addition, it is proposed that the VLR retries the paging with S-TMSI after the UE has IMSI re-attached (For legacy VLRs that would not retry the paging over the re-established SGs associations, the first call may fail. However, even if it is not specified, such paging retry should already be implemented for e.g. the case of a UE that is changing MME when SGs paging arrives).
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