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1. Introduction
The scenario of dual VLR registration and possible solution alternatives has previously been discussed in CT WG1 Meeting #89 and #90 (please find the References listing related documents). This paper elaborates the details of a possible solution by sending NB LAI from MME to VLR in certain conditions.


2. Problem description
The problem scenario is described in details in the C1-150213 [1], so here is only a high level summary provided. The main issue is that the Cancel Location from HLR/HSS failed to be delivered to the VLR where the legacy UE was registered before the UE moves to 2G/3G from LTE. Later when the UE returs back to the MME and MME selects the VLR where the UE was registered earlier this VLR does not update the HLR/HSS. As a result the UE is registered to two VLRs at the same time and the MT Call paging fails because the HLR/HSS has information only about the VLR where the UE was registered via 2G/3G.

3. Possible Solutions 
In an attempt to limit the CN node impact of an improved dual VLR registration solution for legacy UEs the scope of the solution can be analysed and limited. The problem can occur when a different VLR is selected and the previous VLR is not updated of this change. Such VLR re-selection can occur at (a) intra MME, (b) inter MME or at (c) inter system change.

Case (a) can be detected by the serving MME itself and logic can be implemented to trigger an HSS update at reselection of a previously used but temporarily unreachable VLR.

Case (b) will under normal circumstances not occur in an MME pool deployment unless at MME reselection within an MME pool or when there is UE mobility between pooled areas. This case can be seen as limited, and when further considering that the problem will occur when the transport failure is present at intra pool MME reselection or inter MME pool mobility it could be justified to disregard this case. Thus, it might not be needed to add inter MME handling of possible dual VLR registration based on case b.

Case (c) will occur when the UE cannot stay in LTE coverage, e.g. at loss of LTE radio coverage or at CSFB. For most deployments such inter system change is normal and frequent and therefore this case should be prioritised to solved by an enhanced dual VLR registration solution.

As the MME has no knowledge of whether a different VLR was used while the UE was in 2G/3G coverage, a simple way to avoid dual VLR registration would be to always trigger an HSS update via NB LAI at return to LTE. Even though such logic would trigger unnecessary HSS updates when the same VLR was used in 2G/3G as in LTE, the dual VLR registration problem is avoided if another VLR was used and the VLR previously used in LTE was not updated. A negative effect is however that the dual VLR registration will not be avoided if a different VLR is selected upon return to LTE, e.g. if the original VLR is still unreachable, and the original VLR is selected at a later point while in LTE.

This solution keeps the implementation as simple as possible and let the MME trigger an HSS update at detection of inter system change from 2G/3G to LTE. To limit the unnecessary HSS updates, the MME can additionally use EPS Update type and trigger HSS only when this IE is set to “combined TA/LA updating with IMSI attach”


4. Solution details 
Transport network failure occurs such that the communication between VLR1 and HLR/HSS, and between VLR1 and RAN (RNCs and BSCs) breaks down. After a while the UE leaves LTE for GERAN or UTRAN e.g. due to an MO Call and CSFB. When arriving in GERAN or UTRAN the RAN will, due to the transport network failure, direct the CS domain signalling from the UE to another VLR, VLR2. This will in the end result in a LAU Request from the UE (see Figure 11). In this example the UE will also send a RAU Request to an SGSN serving the UE’s location.


				Figure 11.

The UE gets registered in SGSN and VLR2. VLR2 registers the UE in the HLR/HSS (Figure 12). Due to the transport network failure the VLR1 will not receive a Cancel Location message from the HLR/HSS. This means that from the VLR1 perspective the UE is still registered in the HLR/HSS by VLR1. Setup of the MO CS call proceeds as normal and after the call is finished the UE returns to LTE. In this example the UE returns to a TA, served by MME1, and mapped to an LA served by VLR1 (it could have been a return to another TA and MME2 instead but as long as the mapped LA is served by VLR1 the dual VLR registration problem will anyway arise). 


				Figure 12.

At return to LTE and MME1 the UE will make a Combined TA/LA Update (with IMSI Attach). MME1 fetches the UE’s context from SGSN by use of the (SGSN) Context Request/Response/Acknowledge procedure, detects that the peer CN node is an SGSN and checks whether EPS update type IE indicates “combined TA/LA updating with IMSI attach”.

MME1 makes a Location Update towards VLR1 over SGs but due detection of an SGSN as peer CN node and EPS update type IE indicates “combined TA/LA updating with IMSI attach” MME1 includes a non-broadcast LAI in the Location Update Request. In VLR1 the non-broadcast LAI triggers the VLR1 to renew the registration by sending an Update Location Request to the HLR/HSS (see Figure 13).



				Figure 13.
In this situation the UE is registered in MME1 and in VLR1 (dashed line in Figure 13), the registration in VLR2 is removed and thereby is the dual VLR issue resolved. In Figure 14 follows a description of the signalling flow.



				Figure 14.

1. The UE is registered in MME1 and via combined procedures also in VLR1.

2. A transport network failure occurs resulting in a break in the communication between VLR1 and HLR/HSS as well as between VLR1 and RAN (RNCs and BSCs). The communication between MME1 and VLR1 over SGs is also broken.

3. The UE leaves LTE for GERAN or UTRAN e.g. due to an MO Call and CSFB.

4. The UE turns to GERAN or UTRAN. In case of a mobile originating call the UE will initially send CM Service Request but due to the transport network failure this message will be directed to VLR2 where it will be rejected. As a consequence the UE needs to re-register in the CS domain. The Location Area Update Request from the UE includes a TMSI pointing to VLR1 but due to the transport network failure it will instead be directed towards VLR2.

5. The UE sends a Routing Area Update Request to the SGSN.

6. VLR2 sends an Update Location Request towards the HLR/HSS.

7. The HLR/HSS tries to send a Cancel Location Request to the VLR1 but due to the transport network failure this message will not reach the VLR.

8. The SGSN fetches the UE’s context from MME1 by use of the (SGSN) Context Request/Response/Acknowledge procedure.

9. The mobile originating call is setup and during the call the transport network failure ends.

10. After the MO Call is finished the UE returns to LTE. The UE returns to a Tracking area that is mapped to a Location area served by VLR1. Whether it is via MME1 or via another MME doesn’t matter, the main thing is that the UE will be registered in VLR1. In this example the UE returns to MME1 and sends a Combined TA/LA Update with IMSI Attach. IMSI Attach is included since the UE has performed a LAU in GERAN or UTRAN.

11. MME1 fetches the UE’s context from SGSN by use of the (SGSN) Context Request/Response/
Acknowledge procedure, detects that the peer CN node is an SGSN and  whether EPS update type IE indicates “combined TA/LA updating with IMSI attach”.

12. By use of IMSI hash VLR1 is selected. MME1 sends a Location Update Request to VLR1. Due to the detection of an SGSN peer CN node MME1 includes a non-broadcast LAI in the Location Update Request.

13. In VLR1 the UE is already registered but the received non-broadcast LAI triggers the VLR1 to renew the registration by sending an Update Location Request to the HLR/HSS. VLR1 sends an Update Location Request to the HLR/HSS.

14. The HLR/HSS sends a Cancel Location Request to VLR2. 



5. Solution evaluation

Pro:
· minimal complexity
· MME impact only
· No protocol impact

Con:
· Only solves the case of return to LTE from 2G/3G when the previously unreachable VLR is reachable again
· Added signalling/HSS updates also in the normal case (HLR updates triggered at return to LTE from 2G/3G, but with added check, additional signalling can be limited)
· No current standardized method to determine source CN node type as SGSN


The solution can be implemented to impact legacy UE cases only and will not impact the system behaviour for Rel-11+ UEs

The solution also will synchronize UE and MSC/VLR registration view as soon as possible, and not act on MT service initiation to avoid delay and possible failure of first MT call after a dual VLR registration occurred.


6. Conclusion and proposed way forward
The solution is provided in the tdoc C1-151044 and its mirror (3GPP TS 29.118 CR350 and CR351).
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