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1. Introduction

The problem of dual VLR registration has previously been discussed in C1-144391 and in CT WG1 Meeting #89 it was commonly accepted that this problem needs further analysis if possible resolve the remaining cases not covered by the currently standardized solution. The remaining cases include solving dual VLR registration problems for legacy UEs, i.e. UEs not updated with the functionality required by the currently standardized solution (pre Rel-11). In CT1#90 the issue was further discussed and it was seen that more time for analysis and identification of additional solution proposals was needed. This paper describes a proposed solution to resolve the remaining cases.

2. Problem description
The problem starts from a situation where a legacy UE, via MME and the SGs interface, is associated to a VLR (VLR1) in an MSC pool. At this situation there is a transport network failure resulting in a break in the communication between VLR1 and HLR/HSS and between VLR1 and RAN. The communication over SGs between MME and the VLR1 may or may not be working. 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 another VLR (VLR2) in the MSC pool is selected. The UE gets registered in the HLR/HSS by VLR2 but Cancel Location from HLR/HSS does not reach VLR1 due to the transport network failure.
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 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 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, different from the VLR (VLR1) where the UE previously was registered while in LTE. It is thus not possible for MME, by use of non-broadcast LAI, to instruct the VLR1 to (re)register the UE in the HLR/HSS.
3. Analysis and Possible Solutions 
The problematic situation is described by Figure 1:
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Figure 1.

Although VLR1 regard the UE as registered in HLR/HSS it is in this situation required that VLR1 makes an Update Location request towards the HLR/HSS. However, this renewed HLR/HSS registration should only be done for UEs that are currently registered in the HLR/HSS by another VLR in the MSC pool. The problem is then, how can a VLR know or at least suspect that a UE is currently registered in the HLR/HSS by another VLR in the MSC pool?
To make the VLR aware of another VLR registration 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.
Part of the latter (ii) is already introduced in the standard. The trigger is there, but the logic for the trigger needs to be updated to work also for cases not covered so far. MME may indicate a change of VLR by including a non-broadcast LAI in the Location Update message from the MME thus instructing the VLR to make an Update Location towards the HLR/HSS, even if the VLR still has a registration for the UE. A UE that via an 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.

The MME can easily detect a change of VLR when a UE makes an intra MME combined TA/LA update. But for pre-Rel 11 UEs that leave the MME there is currently no way to detect a change of VLR upon a subsequent return to the same or another MME. 
3.1 Solution proposal

At normal operation when a UE leaves an MME and LTE, and goes to GERAN or UTRAN, the associated VLR would either get a new registration attempt from the UE via SGSN (over Gs) or via RAN (over A or Iu), or it would get a Cancel Location message from the HLR/HSS in case another VLR is selected (either within or outside the MSC pool). If none of these messages are received in the associated VLR before that VLR gets a new Location Update over SGs then this indicates that there is a risk that the UE in the meantime has been registered in the HLR/HSS via another VLR and that a break in the communication has prevented the associated VLR from getting that information. For the associated VLR to be able to detect this situation requires though that the VLR is aware of that the UE has left the MME and for that reason it is proposed that MME, if possible, over SGs informs the associated VLR when the UE leaves MME.
However, If the UE leaves the MME but stays within LTE then the associated VLR may remain unchanged and can get a new registration attempt from the UE via another MME (over SGs). During normal operation the associated VLR will, by use of the indication that the UE has left the previous MME, conclude that the UE has been registered in the HLR/HSS via another VLR in the MSC pool and therefore make an unnecessary Update Location towards the HLR/HSS. This is an unfortunate but perhaps acceptable drawback with this proposal.
By providing the associated VLR with an indication that the UE has left the MME, the VLR will in accordance with (i) get enough information to be able to know when to renew the HLR/HSS registration for a UE.

On the other hand, if there is a break in the communication over SGs, the MME will not be able to provide the associated VLR with an indication that the UE has left MME. This inability will however tell the MME that there is a transport network failure which also may have affected the communication between the VLR and the HLR/HSS. The MME needs to store this information (i.e. an indication of a transport network failure towards the VLR), either internally as long as UE context remains in MME (as e.g. in the case of CSFB to GERAN 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. As the information contains identification about the previously associated VLR and its suspected communication problem towards the HLR/HSS the VLR can in accordance with (ii) be informed (using a non-broadcast LAI) and will thus make an Update Location Request to the HLR/HSS. Upon acting on the indication of a transport network failure towards the VLR the MME will delete this indication. 
4. Solution details 

4.1 Detailed description of the solution proposal
The following example of network configuration is taken as a starting point. The UE has made a Combined TA/LA Update/Attach and is registered in MME1 and in VLR1 (dashed line in Figure 2).
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Figure 2.

4.1.1 Solution proposal when SGs is working

At this situation a transport network failure occurs such that the communication between VLR1 and HLR/HSS, and between VLR1 and RAN (RNCs and BSCs) breaks down. In this example the communication between MME1/MME2 and VLR1 over SGs is still working. After a while the UE leaves LTE for GERAN or UTRAN e.g. due to an MO Call and CSFB. MME1 detects that the UE leaves MME1 either by execution of the Context Request/Response/Acknowledge procedure or by execution of the CSFB to GERAN no-DTM procedure. As a consequence MME1 will inform VLR1 that the UE has left MME1. VLR1 will note the UE’s HLR/HSS registration as suspect. 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 3). 
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Figure 3.

The UE gets registered in VLR2 and VLR2 registers the UE in the HLR/HSS (dashed line in Figure 4). 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).
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Figure 4.

At return to LTE and MME1 the UE will make a Combined TA/LA Update (with IMSI Attach) and due to that MME1 will make a Location Update towards VLR1 over SGs (in this example SGs was not affected by the transport network failure). In VLR1 the HLR/HSS registration is noted as suspect and as a consequence VLR1 will try to renew the registration by sending an Update Location Request to the HLR/HSS (see Figure 5). In this situation the transport network failure may have been resolved (as in this example) or it could still exist. In the latter case the CS registration over SGs will be rejected and MME then tries another VLR in the MSC pool.
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Figure 5.

In this situation the UE is registered in MME1 and in VLR1 (dashed line in Figure 5), the registration in VLR2 is removed and thereby is the dual VLR issue resolved. In Figure 6 follows a description of the signalling flow.

[image: image6.emf]MME1

UE

VLR1

VLR2

HLR/HSS

BSC/RNC

1 The UE is registered in MME1 and VLR1

2 A transport network 

failure occur

3 The UE leaves LTE

4 UE leaves MME

5 UE turns to 

GERAN or UTRAN

5 LAU Request

6 Update Location Request

8 The Mobile Originating CS Call is setup

and during the call the transport network failure ends.

9 UE returns

to LTE

9 Combined TA/LA Update

10 Location Update Request

11 Update Location Request

12 Cancel Location Request

7 Cancel Location Request






Figure 6.

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 is still working.

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

4. MME1 detects that the UE has left MME1, either through the execution of the Context Request/Response/Acknowledge procedure or by execution of the CSFB to GERAN no-DTM procedure. As a consequence MME1 informs VLR1 that the UE has left the MME.

5. 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.

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


9. 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.


10. By use of IMSI hash VLR1 is selected. MME1 sends a Location Update Request to VLR1.

11. In VLR1 the UE is already registered but due to the information received in step 4 the HLR/HSS registration is marked as suspect. The suspect flag in the VLR would have been removed if the VLR in the meantime between step 4 and this step has received a registration attempt for the UE via RAN, SGSN or via another MME, or a Cancel Location Request for the UE from the HLR/HSS. VLR1 sends an Update Location Request to the HLR/HSS.

12. The HLR/HSS sends a Cancel Location Request to VLR2. 
4.1.2 Solution proposal when SGs is not working

Starting from the situation in Figure 2 a transport network failure occurs such that the communication between VLR1 and HLR/HSS, and between VLR1 and RAN (RNCs and BSCs) breaks down. In this example the communication between MME1/MME2 and VLR1 over SGs also breaks down. After a while the UE leaves LTE for GERAN or UTRAN e.g. due to an MO Call and CSFB. MME1 detects that the UE leaves MME1 either by execution of the Context Request/Response/Acknowledge procedure or by execution of the CSFB to GERAN no-DTM procedure. As a consequence MME1 tries to inform VLR1 that the UE has left MME1 but due to the break in communication over SGs this is not possible. Instead MME1 internally indicates the UE’s VLR1 registration as suspect. This indication is, together with the VLR identity, stored in the MME MM context. 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 7). In this example the UE will also send a RAU Request to an SGSN serving the UE’s location.
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Figure 7.

The UE gets registered in SGSN and VLR2. VLR2 registers the UE in the HLR/HSS (dashed line in Figure 8). 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. The SGSN fetches the UE’s context from MME1 by use of the (SGSN) Context Request/Response/Acknowledge procedure and by that the stored indication of the previously used VLR, VLR1, and the suspect HLR/HSS registration. 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). 
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Figure 8.

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 and by that the stored indication of the previously used VLR, VLR1, and the suspect HLR/HSS registration.  In this situation the transport network failure may have been resolved (as in this example) or it could still exist (in this example SGs was also affected). In the latter case MME1 tries another VLR in the MSC pool.
MME1 makes a Location Update towards VLR1 over SGs but due to the suspect HLR/HSS registration MME1 includes a non-broadcast LAI in the Location Update Request and removes the suspect HLR/HSS registration indication from the MM context 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 9).
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Figure 9.

In this situation the UE is registered in MME1 and in VLR1 (dashed line in Figure 9), the registration in VLR2 is removed and thereby is the dual VLR issue resolved. In Figure 10 follows a description of the signalling flow.
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Figure 10.

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. MME1 detects that the UE has left MME1 through the execution of the Context Request/Response /Acknowledge procedure. As a consequence MME1 internally indicates the UE’s VLR1 registration as suspect. This indication is, together with the VLR identity, stored in the MME MM context..


5. 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.


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


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


8. 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.


9. The SGSN fetches the UE’s context from MME1 by use of the (SGSN) Context Request/Response/Acknowledge procedure and by that the stored indication of the previously used VLR, VLR1, and the suspect HLR/HSS registration.


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


11. 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.


12. MME1 fetches the UE’s context from SGSN by use of the (SGSN) Context Request/Response/
Acknowledge procedure and by that the stored indication of the previously used VLR, VLR1, and the suspect HLR/HSS registration.


13. By use of IMSI hash VLR1 is selected. MME1 sends a Location Update Request to VLR1. Due to the suspect HLR/HSS registration MME1 includes a non-broadcast LAI in the Location Update Request.


14. 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.


15. The HLR/HSS sends a Cancel Location Request to VLR2. 
6. Solution evaluation
For a high level evaluation of the solution proposal described above, the main pros and cons are summarized below.
Pro:

· Solves the identified cases

· Introduces HSS updates only when dual VLR registration is detected
· Complexity and signalling impact increases with the root cause severity
Con:

· Relatively complex for the most severe root causes
· Impacts MME, SGSN and VLR

· SGs protocol impact (added SGs messages and additional SGs signalling)
7. Conclusion and proposed way forward
The Dual VLR registration problem has already been acknowledged in 3GPP as a serious problem, and as the remaining cases not solved by current specification have resulted in serious impact in commercial networks the solutions as described in this paper are proposed for standardization. Either solution will address the case of pre Rel11 UEs that will be used in networks for a long time still. It is seen that such enhanced network based solution is needed to avoid the serious and long lasting consequences for CS services of impacted UEs when the problem occurs.
It is proposed to discuss the described solution and decide how to best address the remaining cases of dual VLR registration for legacy UEs.

CRs to implement the proposed solutions are in the following CR set:

· C1-151072 (3GPP TS 29.118 CR 0349)

· C4-150500 (3GPP TS 29.060 CR 1020)

· C4-150499 (3GPP TS 29.274 CR 1585)
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