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Introduction
CT1/CT4 discussed during their last meeting new potential network-based solutions, to avoid dual VLR registration (and the resulting loss of MT services until the UE registers to a different VLR), for pre-Rel-11 UEs, when a new VLR is reselected during inter-system mobility (2G/3G to LTE) or inter-MME mobility, and this VLR did not receive a MAP Cancel Location from the HLR.
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Two solutions were proposed in C4-150188 [1], but these solutions would cause either large impacts on several nodes (the VLR, MME, and SGSN, and require substantial SGs protocol extensions) or a substantial increase of the MAP signalling in the CS Core Network (between VLRs and HLRs), every time, to update the HLR at every 2G/3G to LTE mobility occurance, to solve dual VLR registrations scenarios which remain exceptional ("once every 5 to 10 years" reported during the CT1 discussions).
This contribution suggests a very simple solution, which only slightly affects the VLR implementations, does not require any MME/SGSN changes and does not cause any extra signalling .

Discussion

Dual VLR registration might only occur when the old and the new VLRs pertain to the same MSC pool, as otherwise, the old LAI (corresponding to another MSC pool) reported by the UE to the new VLR suffices to trigger the VLR to update the HSS. 
In normal circumstances, the new VLR (VLR2 in the figure) receives a MAP Cancel Location from the HLR when the UE registers to a different VLR, and thus knows that it needs to update the HLR upon receipt of a subsequent Location Update Request. In very rare circumstances though, this message might possibly be lost, e.g. as a result of a network outage between the HLR and the VLR. 

Solutions were already specified from Rel-11 onwards to solve the case where the MAP Cancel Location is lost. Rel-11 onwards UEs signal their TMSI in the NAS Attach or TAU Request to the MME, which is then propagated to the VLR in the SGs Location Update message. The VLR detects that it needs to update the HLR if the TMSI received from the UE was assigned by another VLR.

Pre-Rel-11 UEs do not signal their TMSI in the NAS Attach/TAU Request. If a VLR reselection takes place during an intra-MME TAU scenario, the MME can still signal though a Non-Broadcast LAI (as the old LAI) in the SGs Location Update, which leads the VLR to update the HLR, but during an inter-system mobility (2G/3G to LTE) or an inter-MME mobility, the MME cannot know whether the scenario involves a VLR change, and a dual VLR registration might happen as a result (i.e. HLR pointing to a wrong VLR due to the new VLR not updating the HLR).
VLRs can however still detect that a VLR reselection took place upon receipt of a MAP Send Identification request, as shown in the figure below, and therefore can still properly decide whether to update the HLR upon receipt of an SGs Location Update Request.
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This corresponds to the Subscriber data dormant" flag specified in TS 23.012 and TS 23.018, e.g. subclause 4.1.2.7 (Process Send_Identification_PVLR) of TS 23.012 says:
Sheet 1: If supported by the VLR, the "Subscriber data dormant" flag shall be set to true to reflect that the MS has moved outside the VLR area. A VLR not supporting this flag shall behave as if the flag is set to false. 
The Subscriber data dormant flag is currently specified as an optional parameter, which shall at least be supported by VLRs implementing the MT Roaming Retry feature. This parameter can, however, also be used to force the VLR to update the HLR upon receipt of a SGs Location Update. 
With this very simple VLR change, dual VLR registrations would only occur if several MAP messages, sent over different signalling interfaces, are lost. So although this would not completely eliminate the problem, this would make this event even more exceptional.
This solution does NOT increase the signalling in the CS Core Network between VLRs and HLRs, since 2G/3G to LTE mobility will continue to occur without any extra signalling towards the HLR, when involving the same VLR, as this is intended.
This solution cannot apply to inter-MME mobility scenarios with VLR reselection, as no MAP Send Identification Request message is exchanged in such scenarios. However, as recognized by C4-150188 [1], the combination of Inter-MME mobility and loss of Cancel Location is a very rare scenario.

Conclusion

Dual VLR registrations are exceptional scenarios ("once every 5 to 10 years") and solutions have already been standardized for Rel-11 onwards UEs. Any new solution for pre-Rel-11 UEs, if required, should have minimal system impacts and should not cause extra signalling in the CS network (between VLRs and HLRs) every time for an event which remains exceptional. 
Solutions discussed in C4-150188 [1] would cause either large system impacts (several nodes impacted, new protocol message), or substantial additional signalling in several scenarios, all the time. Neither of these solutions is acceptable.

This DISC paper proposes a very simple solution, which only slightly affects VLR implementations, does not require any MME/SGSN change and does not cause any extra signalling . While this solution does not completely eliminate the possibility of dual VLR registrations with pre-Rel-11 UEs, it makes it an even more exceptional event.
It is proposed to specify this solution in Rel-13 (no FASMO). Since the solution does not require any protocol change, it can also be implemented by a VLR complying with an earlier release of 3GPP specifications.
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