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1. Introduction
This discussion paper discusses an issue that may happen during Iu/A Flex Network deployment with Gs interface and proposes solution to address the issue.
2. Discussion
For Iu/A-flex network, same LAI can be served by a pool of MSCs as shown in Figure 1. 
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Figure 1: Iu/A Flex Network Pool Area Configuration
In Iu/A Flex network, the Network Resource Identifier (NRI) identifies uniquely an individual CN node out of all CN nodes, which serve in parallel a pool-area. The length of the NRI shall be the same in all nodes of a domain in one pool-area. The NRI is part of the temporary identity TMSI (CS domain) or P-TMSI (PS domain), which is assigned by the serving CN node to the MS. Each CN node supporting Iu/A Flex feature is configured with its specific one or more NRI(s). NRI is used by RAN node for routing to CN node.  

When Gs Interface is involved, there will be tight coupling between SGSN node and MSC selected.  The following Iu/A Flex and Gs Interworking aspect has been specified in 3GPP TS 23.236 in terms of MSC/VLR selection:
In case of 'combined GPRS/IMSI attach' or 'GPRS attach when already IMSI attached', the SGSN sends the Location Update Request message to the MSC/VLR. The SGSN selects an MSC/VLR from the available MSC/VLRs which serve the current LA of the MS. The selection bases on a hash value derived from the IMSI. It is configured in the SGSN which range of the hash values relates to which MSC/VLR. This selection mechanism avoids a random change of the MSC/VLR for MSs using combined procedures when an SGSN fails. The new SGSN will select the same MSC/VLR.
However, when Iu/A Flex is enabled there are issues with Iu/A Flex and Gs interface interworking.
For the combined RA/LA update as shown in Figure 2, considering the following 2 cases:
Case 1:   
If BSSAP+ LOCATION UPADATING REQUEST message received has an old LAI pertaining to the current pool, this is generally a simple intra-VLR Loc Update, which does not require a MAP UPDATE LOCATION.
Case 2: 

In case of one MSC of the pool is out of service or is being off-loaded to other MSC of same pool, the very same message reflects rather an inter-VLR Loc Update, which does require a MAP UPDATE LOCATION.
In order to make the distinction between these two cases, the receiving VLR can only rely on the presence of the subscriber data in the data base.  If data are not present, a MAP UPDATE LOCATION shall be triggered.  But if data are present no conclusion can be taken. It is very likely that this is an intra-VLR Loc Update, but this is not 100% certain. There are some scenarios where an MS can move to another VLR while the old VLR is not informed of this, and thus this VLR will keep the subscriber data unchanged. Such scenario is possible only in disturbed situations where some MAP messages are lost (SEND IDENTIFICATION and the CANCEL LOCATION shall be lost). 
The only possible option is to handle the received message as an intra-VLR Loc Update when subscriber data are present (the other option would lead to an inacceptable increase of the MAP traffic).

The consequence is that in some rare cases, the HLR will not be updated with the new VLR address, and the MS will not be able to receive any terminating calls (voice, data or SMS) until it moves OUTSIDE OF THE POOL AREA. This can take a very very long time. More likely the subscriber will complain and this will require a manual intervention in order to restore a full service (to find the MSC where the MS is registered and to force a delete of the subscriber data).
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Figure 2: Signalling Flow for Combined RA/LA Update
This problem will not happen for regular Iu/A flex network deployment (Gs Interface is not used), because the TMSI value (if valid) is always received in the Loc Update message. Therefore it is possible to check the embedded NRI value to make the distinction between the two cases describe above.

But for combined Iu/A Flex and Gs deployment, the "BSSAP+ LOCATION UPADATING REQUEST" message does not currently contain the value of the TMSI, only an indication of the TMSI status (valid TMSI or not in the MS), which is not enough to make such distinction.
3. Possible solutions
TMSI is needed on the VLR for the VLR to properly distinguish whether the location update is intra-VLR update or inter-VLR update in above cases.  TMSI parameter needs to be passed to VLR by SGSN in the BSSAP+ LOCATION UPADATING REQUEST.   The VLR can then determine whether to initiate a MAP UPDATE LOCATION or not based on the TMSI (including the NRI) received from the SGSN.
There are two solutions to achieve this.

Solution 1:  MS includes the TMSI in combined RA/LA Update.
With this approach, UE will be impacted.

Solution 2: SGSN stores TMSI confirmed by the UE.
In case a new TMSI was allocated for the MS,  once the SGSN receives Attach Complete or the the Routeing Area Complete message from the MS, the SGSN will store the TMSI before sending the BSSAP+-TMSI_REALLOCATION-COMPLETE message to the VLR. SGSN can then pass this TMSI to the VLR in the subsequent BSSAP+ LOCATION UPADATING REQUEST if TMSI is valid.
With this approach, there will be no UE impact.  

4. Conclusion
It is proposed to have a discussion on above solutions and make a conclusion. Solution 2 is preferred as it has no UE impact and easy to implement. CR C1-102267 has been drafted based on Solution 2. 
Since same problem could happen when Iu/A Flex and SGs are used simultaneously in LTE deployment, the same change should also apply to the MME and 29.118 spec.  CR C1-102268 has been drafted to provide corresponding change for SGs based on Solution 2. 

oldLAI is in self serving LAs does not always mean intra-VLR Location Update, could be an inter-VLR Location Update.
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