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1. Introduction

The problem of dual VLR registration has previously been discussed in several contributions; see e.g. C1-115219, C1-121101 and C1-122047. Extract from C1-115219:

Further, CT1 understand that if Cancel Location is lost during change of MSC Servers in the same MSC Pool area there is a possible fault situation. This is because during combined procedures the IMSI only is available to the new MSC. Therefore the new MSC Server cannot determine whether the UE is registered also in a different MSC/VLR.

The reason is that according to TS 23.012, Figure 4.1.2.1 (sheet 1 of 3), the new MSC/VLR only checks that the LAI is served by the new MSC, i.e. it concludes that the Location info is confirmed in the HLR. In the Pool area, this check will be true also when a Cancel Location earlier was lost towards the new MSC involved in the combined procedure, even if the HLR considers that the UE is registered in a different MSC.

A solution has also been presented and approved, CR0213 on TS 29.118 and CR1432 on TS 24.301, but as this solution is based on an UE update, a network based solution is wanted for the legacy UEs. For the legacy UEs another solution has then been presented and approved, CR0228 on TS 29.118. However, CR0228 does only solve the problem partly. The CR0228 solution is based on that the MME determines that the serving VLR of the UE is being changed. And further on: “The MME determines that the serving VLR of the UE is changed when the SGs association changes from one serving VLR to a different one, or based on implementation dependent criteria.” C1-121101 describes that MME may determine a change of serving VLR by comparing the VLR pointed to by the SGs association with the VLR pointed to by the IMSI hash, but this requires that the same MME is used i.e. only valid at intra TAU. C1-121101 furthermore gives an hint on that paging from a different VLR than the VLR pointed to by the SGs association can be used as an indication of changed of VLR. This has however not yet been introduced in the standard.  
2. Problem Discussion

Case 2 from C1-121101 describes a situation where a legacy UE, originally in LTE via MME and the SGs interface, is associated to a VLR1 when there is a transport network failure resulting in a break in the communication over SGs between the MME and the VLR1. Due to the transport network failure the communication between VLR1 and HLR/HSS and between VLR1 and RAN is also broken. The UE turns to 2G or 3G due to e.g. an MO Call and CSFB. Selection of a serving VLR is done by the RAN as NMO=1 is not in use (no Gs interface) and VLR2 is selected. In normal circumstances VLR1 would have been selected but due to the transport network failure this is not possible. As the UE is not registered in VLR2 a LAU request is required and as a result the HLR/HSS will be updated by VLR2. Any possible future paging for MT Call will work fine (HLR/HSS -> VLR2 -> MME -> UE). However, later when the communication towards VLR1 is restored and if the UE after that returns to LTE (e.g. due to CS Call finished) it makes a new TA/LA Update and the MME will re-select VLR1 (based on the IMSI hash selection). And as the UE registration in VLR1 remains (Cancel location from HLR/HSS did not reach VLR1 due to the previous transport network failure) there will be no update from VLR1 towards the HLR/HSS. Consequently future MT Call paging will be directed from HLR/HSS towards VLR2 and not reach the UE.
For this case the CR0228 solution will not help as there is no way for the MME to know that the UE has been registered in another VLR (VLR2) during the CS call in 2G or 3G, compared to the VLR (VLR1) where the UE previously was registered while in LTE.
It shall also be noted that the duration of the dual VLR registration problem could be very long. The problem is not corrected just by correcting the transport network failure. This problem has been observed in several commercial networks and has caused large numbers of subscribers not being able to receive terminating transactions.  
3. Analysis and Possible Solution 

To fully solve the issue with dual VLR registration it is required that the VLR becomes aware of that the already SGs associated UE that is making a (re)registration attempt over SGs, since when previously registered has been registered in HLR/HSS via another VLR. The VLR should then as a consequence make an Update Location Request towards the HLR/HSS in spite of that local data indicates that the UE is already registered in the HLR/HSS. 
To make the VLR aware of the dual VLR registration situation it is required that the VLR at a UE (re)registration attempt has; 
(i) enough information itself to draw that conclusion and/or 
(ii) is provided with an indication of the situation.
The latter (ii) is already introduced in the standard via CR0228, i.e. indicating a change of VLR by including a non-broadcast LAI in the Location Update message from the MME. A UE that via the MME is SGs associated towards a VLR could potentially change VLR either when it makes an intra MME combined TA/LA update or when the UE leaves the MME. Change of VLR due to intra combined TA/LA update is easily detected by MME and indicated towards the VLR as described in CR0228, but as the CR does not cover the case when the UE leaves the MME, an enhanced solution is required for that part. It shall be noted that this enhancement is only required for UEs that are not compliant with CR0213. For UEs compliant to CR0213 a change of VLR may be discovered also for the case when the UE leaves the MME.
To fulfil either (i) or (ii) above, the MME could try to inform the associated VLR when the UE leaves the MME. Two scenarios can be identified, either MME succeeds in informing the VLR (i) or the MME fails in informing the VLR (ii), as follows:

(i) Providing the VLR with information to discover a potential dual VLR registration problem.
If then everything is working properly the associated VLR should either get a registration attempt from elsewhere (BSC, RNC, SGSN or another MME) or it should get a Cancel Location from the HLR/HSS. The lack of any of these is thereby an indication of a problem in the network. If the VLR in such situation gets a registration attempt from the already (from the VLR’s point of view) associated MME then this association should be regarded as unreliable and an update towards the HLR/HSS is required. At network problems and due to the possibility of a UE first making a registration towards another VLR via BSC, RNC or SGSN, then returning to LTE via the same or another MME and becoming SGs associated towards the original VLR, the original VLR will not be triggered to update the HLR/HSS. For that reason it becomes necessary for the original VLR to make HLR/HSS updates at a registration attempt from any MME after the original VLR has received an indication about UE leaving the MME. This means that there will be unnecessary updates towards the HLR/HSS (at inter MME TAU when the new MME selects the same VLR) but the dual VLR registration problem will be solved.
(ii) Providing the VLR with an indication of a potential dual VLR registration problem
On the other hand if it is not possible to contact the associated VLR when the UE leaves the MME then this is an indication of a transport network failure which also may have affected the communication between the VLR and the HLR/HSS. In this case the MME needs to store this information (i.e. an indication of a transport network failure towards the MSC), either internally as long as UE context remains in MME (as e.g. in the case of CSFB to GSM no-DTM) or via the Context Request/Response/Acknowledge procedure in another CN node.

Later on when the UE returns to LTE, the MME receiving the registration attempt from the UE, will either already have the required information or get it as part of the Context Request/Response/Acknowledge procedure. If the information contains identification about the previously associated VLR and its suspected communication problem towards the HLR/HSS the VLR can be informed (using a non-broadcast LAI as already approved in 3GPP, see CR0228) and will thus issue an update location message to the HLR/HSS (as also included in CR0228). The consequence is that any subsequent MT Call will be directed to the VLR that has the UE registered. This will make it possible to page the UE for the MT Call.

4. Conclusion and proposed way forward
The Dual VLR registration problem has already been acknowledged in 3GPP as a serious problem, but as discussed above the approved solution does not cover all cases. In particular for the case of pre Rel11 UEs, that will be used in networks for a long time still, it is seem that an enhanced network based solution is needed to avoid the serious and long lasting consequences for CS services of impacted UEs when the problem occurs.
The details of the analysis show that some components of a full solution require updates in interaction between network entities, which implies that standardization is needed for interoperability reasons. It is therefore proposed to start work on a more detailed level to produce the required CRs for the impacted 3GPP specifications.

The source company volunteers to bring such CRs, in cooperation with other interested parties, to cover the remaining gaps of the current solution.
