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1. Introduction

The purpose of this discussion document is to provide additional detail to the incoming LS from CT1: S2-120009(C1-115219).
One advantage with introducing the MSC Pool feature is the avoidance of inter-MSC mobility when a UE changes Location Area within the Pool Area, as the same MSC Server keeps the registration for the UE. With a pool deployment any change of MSC for a UE is unnecessary and should be avoided, not only for optimization purposes, but also to avoid potential mis-operation.
The MSC Selection algorithm is consistent between UEs accessing the network via GERAN and RAN, where RAN or CN nodes can make a selection of an MSC Server in the Server Pool that is controlled by system configuration. The MSC Selection algorithm is also consistent between SGSNs and MMEs for combined registrations over Gs and SGs interfaces.

There are network deployments where different Network Modes of Operations are used for different RATs, or where combined EPS/IMSI registration is used for CSFB and non-combined procedures are used for the other RATs.
In such deployments, when an SGSN or MME makes an MSC selection there is no consistency with a previous selection made for a UE that was registered via GERAN or RAN access.

The inconsistency leads to signalling traffic that could be avoided if the same MSC Server for a UE would be selected by the MME or SGSN as was selected previously when GERAN or RAN was used.

Besides the optimization aspects of this inconsistency, inter-VLR mobility also contributes to severe mis-operation at temporary network disturbances. There have been occurrences in live networks where two VLRs hold the registration for the same UE. As the difference in selection algorithms causes inter-VLR mobility, the algorithms should be aligned to minimize the risk of mis-operation occurring in live operation. 

2. Problem Discussion

The mis-operation is partly caused by an incorrect check for lost Cancel Location messages in the “Location management procedures” TS 23.012. When the pool functionality was introduced in Release 5, this specification was not updated to fully handle combined procedures. As can be seen, when only the IMSI is available in the VLR (and not the TMSI), the VLR will not detect inter-MSC/inter-VLR mobility within the MSC-VLR pool. The apparent purpose of this check is to verify that a Cancel Location was not previously lost by the VLR, but as the IMSI and LAI matches what is stored in the VLR the check will always be true in case a UE registration is current in the VLR, whereas the check “works” when a TMSI is checked for validity. 

The working check for TMSI and failed check for IMSI can be seen in the enclosed Figure 4.1.2.1 from TS 23.012 below:
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Figure 4.1.2.1 (sheet 1 of 3): Process Update_Location_Area_VLR
The second partial cause of the problem is the mismatch in the MSC/VLR selection made via RAN and GERAN versus by SGSNs or MMEs. Since RAN and GERAN selection is based on TMSI, specifically the NRI within the TMSI is the basis for the MSC Server Selection (in case of RAN, the UE masks the relevant bits in the TMSI to construct the IDNNS, and in the case of GERAN the BSC uses the TMSI itself), but for combined attach the “IMSI hash” is the basis for MSC Server selection. When TMSI and NRI is used, the VLR that performs the validation check is normally the correct one as the MSC selection is based on current NRI data in the UE. 

By having two methods that both lead to predictable MSC selections but with different results, the likelihood of mis-operation increases as the UE may toggle between two VLRs when subsequent location updating occurs (the problem with lost Cancel Location is that a VLR may consider that its UE data is consistent with the HLR data, which only occurs when a UE moves back to the VLR that previously lost a Cancel Location).
A scenario where mis-operation occurs in live operation is when a VLR is temporarily isolated from the rest of the network and fails to receive a Cancel Location while the rest of the network is operational. At recovery from the isolation the VLR cannot determine whether there is a duplicate registration in a second VLR for the UE (this scenario actually occurs also for networks with the same NMO for all RATs).
Another scenario is international cross-border commuting where large numbers of subscribers move between networks during the working day. In case the Cancel Location is lost, the same mis-operation occurs when a UE returns to the home or visited network and to a VLR with a current registration (seemingly current as the VLR has lost the Cancel Location) for the UE.
A third scenario is when the Cancel Location message is lost when a UE moves from a RAT with separate Location Updating to a RAT with combined procedures, e.g. CSFB with LTE. In that case the new VLR may consider itself to be the current VLR depending on earlier registration procedures for the UE.
3. Possible Solution and Analysis

By introducing the TMSI parameter in the relevant EPS attach and tracking area updating procedures, the NRI could be used in the SGSN and MME to perform a selection of MSC Server that is consistent with the previous selection for the UE.
The SGSN or MME would be selecting the MSC/VLR based on NRI indicating the currently used Core network node by the UE, as the NRI contained in the TMSI would be used.
In the special case where an old TMSI contains a NRI that happens to match a VLR (e.g. at inter-PLMN mobility), by providing the TMSI to the VLR, any inter-VLR mobility would be detected by existing checks in the procedures defined in TS 23.012. 
Even though this problem traces back to Release 5, the proposal is to introduce the solution from Rel 11 onwards, and make use of NRI the default method whenever TMSI is available. It could be argued that the change should be implemented in earlier releases, but since the change is adding a new NAS parameter only, it is possible in a terminal implementation to make an early implementation of the change request.
4. Conclusion and proposed way forward
In this meeting, change Requests are provided to the Rel 11 versions of TS 23.236, and TS 23.272. The introduction of TMSI for combined EPS/IMSI location registration in TS 24.008, TS 24.301, TS 29.018 and 29.118 will follow in the upcoming CT1 WG meeting in February.
