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Introduction
SA2 and CT1 agreed on the problem that in CSFB scenarios with SGs paging with IMSI (CS MT call), the UE uses the IMSI as the "Mobile identity" in the Paging Response, which prevents the target GERAN to select the correct MSC (i.e. the paging MSC) in an MSC pool deployment (A-flex), and thus may result in lost MT calls or unnecessary MTRR or MTRF procedures within an MSC pool. See [1] and [2].
The reason is that a GERAN BSS uses NAS layer identity for the CN node selection (unlike a UTRAN RNS which uses an AS layer identity).
The target GERAN can select the correct MSC in scenarios where the UE needs first to initiate a Location Updating procedure (e.g. CSFB to a different LA), since the UE uses the TMSI (together with LAI) as the "Mobile Identity" in the Location Updating Request message when it has a valid TMSI on the (U)SIM, regardless of the identity used in the paging message by the network. Cf [3].
CT1 identified potentially critical problems against the solution to use TMSI as the UE identity in the Paging Response when the UE has been paged with IMSI and indicated their preference for a network based solution where UEs implementations can remain unchanged.

When the MSC/VLR receives a mobile terminated call request after a local VLR reset, the MSC/VLR will send a paging message, to the MME, using IMSI only (i.e. no TMSI provided to the MME). In this particular scenario, in case the UE/MS responds with the TMSI that was allocated before the VLR reset, there may be an undesired collision with another UE/MS as the VLR may have allocated the same TMSI, in the same LA, to yet another UE/MS after the VLR reset. Therefore, unless detected by the receiving MSC/VLR, there will be a possible situation, where a call will be established for another subscriber if the UE/MS responds by TMSI.

This contribution further evaluates the problem and suggests possible network based solutions to solve the problem. 

Discussion 

1/ CT1 commented in [3] that they believe that the problem is not specific to the SGs interface.

Lastly, CT1 does not believe that the issue is CSFB specific, but is of the understanding that it also exists in a “pure” CS domain (i.e. no SGs interface) scenario due to a VLR reset. Such a scenario is described in the TS 23.007, section 4. CT1 would also like to bring to SA2’s attention that an operator’s CS domain can be fully operational without having any TMSI allocated to the UE/MS.
However solutions have already been defined in TS 23.236 to ensure that responses to paging requests with IMSI are routed to the correct MSC: 
i) In UMTS, the paging response is routed based on the IDNNS that the UE sets to the TMSI if it has a valid TMSI. TS 23.236 states:
In UMTS, an MS answering a paging with IMSI includes in its response an IDNNS derived from its TMSI, if the MS has a valid TMSI. Temporarily storing the IMSI in the RNC increases the success rate to reach the MS that have both lost their TMSI and are paged with IMSI. In GSM, an MS paged with IMSI always answers with IMSI.
ii) in GERAN / A/Gb mode, the BSS shall temporarily memorize the identity of the paging MSC for paging requests with IMSI and route the paging response accordingly. TS 23.236 states:
In A/Gb mode in case a MSC/VLR sends a paging-request/paging with IMSI (i.e. the paging message does not contain a TMSI), the NAS node selection function in the BSC shall upon reception temporarily store the Global-CN- ID of the node that issued the paging-request/paging message. If the NAS node selection function in A/Gb mode receives a paging-response with an IMSI then it should check the temporarily stored Global-CN-ID on entries matching this IMSI and forward the paging-response to the node identified by this Global-CN-ID.

iii) the same solution should also be usable for GERAN when paging is done via the Gs interface, since the paging request also conveys the Global CN-ID via Gs. TS 29.018 states:
17.1.19.5       Global CN-Id

If the network supports the Intra Domain Connection of RAN Nodes to multiple CN Nodes functionality, this information element shall be included when MSC/VLR initiates paging by IMSI, via the Gs interface.

=> This narrows down the problem to IMSI paging with GERAN in MSC pool deployment when the paging is sent via the SGs interface, scenario in which the BSS can not know the identity of the paging MSC. 

2/ In SGs paging with IMSI CSFB scenarios involving a first Location Updating Request message, the RAN can route the Location Updating Request from UE (A) including a TMSI to the correct MSC. However, this scenario may also lead to an undesired collision with another UE (B) as the VLR may have allocated the same TMSI, in the same LA, to yet another UE after the VLR reset. 
If there is no KSI collision, the MSC may skip authentication (e.g. if authentication is performed once every n transactions) and assume that the authentication is successful for UE (B). The MSC will set the state of the SGs association of UE (B) to SGs-NULL that will cause failures of subsequent calls to UE (B) if UE (B) is within an LTE area.  
Besides, if UE (A) performs a CSFB to a new LA pertaining to a different VLR not in the MSC pool, the new VLR will send a MAP Send Identification request message to the old VLR in the pool. The old VLR (that had restarted) would map the TMSI to UE (B) and set the state of UE (B) to "dormant", which indicates that the subscriber data belong to a subscriber that has moved outside the VLR area. This would cause failures of all subsequent MT calls to UE (B).    

=> It is therefore undesirable that a UE paged with IMSI performs a Location Updating Request with a TMSI. 

3/ Two network-based solutions are presented here to support efficiently CSFB with IMSI paging when A flex is deployed. 
 i) solution 1 – double IMSI paging on A and SGs interfaces
Before sending an IMSI paging to the SGs interface, the MSC also sends the IMSI paging request over the A interface (with ideally an indication allowing the BSC to know that it should not send the paging on the radio interface). 
The BSS behaviour is then similar to what is defined in TS 23.236 today, see 1) ii) above. i.e. the BSS temporarily memorizes the identity of the paging MSC and routes the subsequent paging response to the correct MSC. 
This would cost an extra paging message over the A interface, but since IMSI paging is used only in rare circumstances (e.g. after a VLR restart), this should remain acceptable. This is similar to what is done e.g. when the UE does not respond to a paging request via SGs.
This solution does however not address the issue of the Location Updating Request including a TMSI already reallocated to another UE. However, a VLR may potentially protect itself from such issue e.g. by allocate different TMSI values after a VLR restart than those allocated before a VLR restart. 
ii) solution 2 – force IMSI detach/re-attach during IMSI paging over the SGs interface
To route Paging Response (IMSI) to the correct MSC as well as to avoid the issues of the Location Updating Request (TMSI) that may cause failure of MT calls towards the UE to which the TMSI was reallocated, the following solution is proposed. 

Upon reception of the SGs paging request with an IMSI (i.e. w/o TMSI nor LAI), the MME pages the UE as per existing procedure. However upon receipt of the Extended Service Request message from the UE, the MME does not send SGsAP-Service Request message to the VLR and does not trigger CSFB, but send instead a DETACH REQUEST message to the UE with detach type indicating "IMSI detach" to request the UE to re-attach to non-EPS services (as specified in subclause 5.5.2.3.2 of 3GPP TS 24.301). After the complete TMSI reallocation, the VLR re-sends an SGsAP-Paging-Request message including the LAI and TMSI to the MME.
The call flow is depicted in the following figure. 
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Figure: Solution 2 – IMSI detach / re-attach during IMSI paging over the SGs interface

The solution is similar to what has been agreed by CT1 for SMO after a VLR failure. It is proposed here to extend the principle of that solution to CSFB MT calls and SMS-MT (SMS over SGs).
The MME needs to temporarily memorize the identity of the paging VLR and, if the LAI (mapped from the LTE location in TAU during the re-attachment to non EPS service) is served by the paging VLR, the MME should send the SGs Location Update to the paging VLR, not to lose the CS call or MT SMS that is still pending in the MSC/VLR. 
The MME should ideally hold the EMM connection after the re-attachment to non-EPS services to avoid the need to page the UE again towards all eNBs when receiving the retransmitted paging request from the VLR.  This could be signalled by the VLR via a new "MT pending" flag over SGs. 
With this solution, the UE does never initiate CSFB towards UTRAN/GERAN with IMSI paging. The UE will therefore always include a valid TMSI in the Location Updating Request or Paging Response. 
The call setup time of the first MT call towards a UE after a VLR restart is increased by the delay to detach and re-attach to non EPS services. The use of this solution could be controlled in the MMEs and only used when A flex is deployed. The VLR should also signal support of that procedure to the MME in the SGs paging request.
Conclusion 

Two network based solutions are presented in this contribution, not requiring any UE change. The second solution addresses all the issues and enable routing of NAS messages to the correct MSC in an A-flex deployment. It is proposed to discuss these solutions to reach a consensus on a way forward. Alcatel-Lucent will be glad to bring corresponding stage 2 changes at SA2#87 if it is possible to agree on one network based solution.
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