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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. In 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. The 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 LU request is required and as a result the HLR/HSS will be updated by VLR2. Note that the LU request sent to VLR2 will include a LA of the MSC pool, where VLR1 and VLR2 are members, and a TMSI allocated by VLR1. Because of the VLR1 TMSI, VLR2 will perform TMSI reallocation as part of the LU procedure. Any possible future paging for MT Call will work fine (HLR/HSS -> VLR2 -> BSC or RNC -> 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). 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 the MME is not informed 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. Also VLR1 is unaware of the UE registration in VLR2, because of the lost Cancel location, and will not on its own initiative trigger a HLR/HSS update.
VLR2 can however identify via the TMSI and old LAI included in the LA request message sent after mobility to 2G/3G that there is a change of VLRs within the MSC pool. The negative consequence of the dual VLR registration will occur only at MT CS service after the UE is re-registered via VLR1, but HRL/HSS still uses VLR2 to reach the UE. A solution that initiates recovery from the dual VLR registration could thus be based on VLR2 actions triggered by MT CS service.
3. Analysis and Possible Solution 
3.1 Solution overview

The root cause of the dual VLR registration is the failure to delete the registration for the UE in VLR1 at change of VLRs within a MSC pool. Such VLR change will only happen when there is a problem with VLR1, and, as seen above, the VLR to take over the UE registration can identity this specific scenario by evaluation of the LA-TMSI combination. The proposed solution consists of the following two parts:
1)
At identification of VLR change within the MSC pool because of VLR1 unreachability, trigger a signal to VLR1 from VLR2 to remove the UE registration.

If this fails and no acknowledgement is received from the VLR1:

2)
At the next incoming MT CS service, trigger dual VLR registration recovery to VLR1 from VLR2.

3.2 Early UE registration deletion
Normally at inter-system change between LTE and 2G/3G there will not be a change of VLRs within an MSC pool. A VLR reselection occurs if the VLR selected and used in LTE cannot be selected by BSS/RAN, i.e. VLR1 is not reachable. The newly selected VLR2 can identify the scenario via evaluation of the old LA and TMSI parameters in the LU request message that initiates UE registration in VLR2, where an old LA belonging to the MSC pool combined with a TMSI allocated by a different MSC indicates that there is no MSC pool change but the previous VLR could not be kept.
Given the abnormal case identified, VLR2 can draw the conclusion that VLR1 shall no longer keep a registration for the UE and additionally there is likely a communication problem between VLR1 and at least BSS/RAN. VLR2 cannot determine whether there also is a communication problem between HLR/HSS and VLR1, but there is an increased risk for such signalling failure. An UE registration cancellation via MAP from VLR2 to VLR1 can be done using the MAP_SEND_IDENTIFICATION service. At receiving this signal VLR1 deletes the UE registration and responds with a success indication back to VLR2. A success indication indicates to VLR2 that the UE is no longer registered in VLR1 and dual VLR registration cannot occur. If there however is no success response from VLR1, VLR1 is not reachable from VLR2 and there is still a risk for dual VLR registration. In this latter case VLR2 shall indicate VLR1 as “suspect” for dual VLR registration for the UE so that recovery can be attempted at a later point in time.
3.3 Dual VLR registration recovery at MT CS service

If a case that can lead to dual VLR registration was previously identified as described in 3.2, but there was no confirmation of UE registration deletion from VLR1, there will be a “suspect” indication of VLR1 for the UE in VLR2. Thus there is a risk that the UE at mobility back to LTE has re-registered with VLR1 without an HLR/HSS update and subsequent Cancel location to VLR2. 
If an MT CS service is initiated via VLR2 and the UE is still reachable via BSS/RAN, the MT CS service will be successful, but if the UE has moved to LTE and re-registered via VLR1 the UE cannot be reached via BSS/RAN and the MT CS service will fail. If however the UE has a “suspect” indication identifying VLR1, VLR2 is aware of the possible dual VLR registration and can in parallel to CS paging initiate a signal towards VLR1 that will trigger the following in VLR1:
a)
Check whether the UE is registered in VLR1, and if so;
b)
Reset the radio confirmation flag and delete the TMSI, and then;
c)
Perform a paging without LAI towards MME.
A success indication or a failure response indicating “unidentified subscriber” from VLR1 indicates to VLR2 that the state that can result in dual VLR registration has been corrected and VLR2 shall remove the “suspect” indication of VLR1 for the UE. 

If there however is no response from VLR1, VLR1 is not reachable from VLR2 and there is still a risk for dual VLR registration. In this latter case VLR2 shall keep the “suspect” indication of VLR1 for the UE so that recovery can be attempted at a later point in time.
4. Detailed description of the solution proposal
The following steps are considered as the first measure for correcting the problem in case MSC1 has been recovered fast enough before the UE registers in another MSC.
4.1 Early UE registration deletion
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Figure 1:  First measure of solution for a MO CSFB call
1.
UE starts the originating call having a TMSI assigned from VLR1

2.
The BSC/RNC finds out that there is a signaling outage towards VLR1 and for that reason it cannot send the message to VLR1. It sends the message to VLR3

3.
VLR3 has no VLR record of the specific subscriber and rejects the call with a CM SERVICE REJECT message with cause “IMSI unknown in VLR”.

4.
The UE upon reception of the CM SERVICE REJECT with the specific cause triggers a Location Update attempt

5.
The BSC/RNC will attempt to use VLR1, where the current TMSI of the UE belongs, but as it still has a signaling outage a different MSC in the pool must be selected. Thus, the LU request is sent to VLR2.

At this point the VLR2 will receive a LU that contains a previous LA that is within the pool (consequently an own LA for VLR2) and a TMSI that contains an NRI value that belongs to another MSC of the pool. The specific combination can ONLY occur when the VLR where the specific NRI belongs to, is out of service. 

6.
The VLR2 will send a MAP SEND IDENTIFICATION message to VLR1 triggered by the old LA/TMSI combination in step 5. VLR1 upon reception of MAP SEND IDENTIFICATION message will check if the UE for which the MAP SEND IDENTIFICATION message is sent is registered. If it is, VLR11 will reset the radio confirmation flag and will delete the TMSI of the UE from VLR. VLR1 then returns the MAP SEND IDENTIFICATION RESPONSE to indicate successful deletion of the UE registration.
At this point the problem has been partly corrected since the UE after the release of the call upon return back to LTE access performs a combined TA update towards the MME. This triggers a location update towards VLR1, and as VLR1 is now reachable, that location update will lead to LU towards HLR/HSS and a new TMSI allocation.

Unfortunately it is possible that the MAP SEND IDENTIFICATION message in step 6 will not reach VLR1 due to signaling failure. So VLR2 in any case of unsuccessful operation result of the MAP SEND IDENTIFICATION message will mark the UE as “suspect” of having the dual VLR registration problem and will store the old NRI that points to VLR1.
After returning to VLR1 (LTE), originating traffic can be performed via VLR1 but the subscriber cannot accept any MT CS service since HLR/HSS still routes MT traffic to VLR2.
4.2 Dual VLR registration recovery at MT CS service

The following steps are considered as the 2nd measure of correcting the problem in case a MT transaction is received after MSC1 recovers.
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Figure 2: Second part of the solution for a MT CS Service

1.
An MT transaction for a subscriber experiencing the dual VLR registration problem is received. HLR/HSS sends the MT traffic to the VLR where the UE was registered after the signaling outage (VLR2) since VLR2 was the last one that had performed an Update Location to HLR/HSS.

2.
The VLR2 will page the subscriber (existing handling).

3.
In parallel to CS paging, VLR2 will check if the UE is marked, as “Suspect” for Dual VLR registration.

4.
If that is the case VLR2 based on the stored old NRI will send a MAP CANCEL DUAL REGISTRATION message to VLR1 (new MAP service). In the MAP CANCEL DUAL REGISTRATION message a parameter (i.e. UE IMSI) identifies the UE.

5.
VLR1 upon reception of the MAP CANCEL DUAL REGISTRATION message will check if the specific IMSI received corresponds to a registered UE. If so, it will reset the radio confirmation flag and delete the TMSI from VLR. VLR1 and sends the MAP CANCEL DUAL REGISTRATION RESPONSE to VLR2. Additionally, if the MAP CANCEL DUAL REGISTRATION message includes a “EPS Reattachment Required” indication , VLR 1 shall perform a paging without LAI towards MME.

This is done to trigger the UE to re-attach to VLR1.

6.
VLR2 upon the reception of successful MAP CANCEL DUAL REGISTRATION RESPONSE or unsuccessful response indicating “Unidentified subscriber” shall reset the “Suspect” flag for the UE and VLR1.

In any other case VLR2 shall keep the specific UE as “Suspect” of having the Dual VLR registration problem for VLR1.

If the noLAI paging succeeds and a SGs LU is received in VLR1, HLR/HSS shall be updated and VLR2 will receive a CANCEL LOCATION which results in the UE being deregistered from VLR2.

7.
A SGs Location Update is received in VLR1 as result of the noLAI paging if the UE is reachable in LTE.

8.
Since in VLR1 the TMSI of the mobile subscriber is marked to be deleted, a new TMSI is allocated and sent back to the UE.

9.
Since VLR1 will have the radio confirmation flag off, it will send UPDATE LOCATION to HLR/HSS.

10.
The Update Location to HLR will result to the sending of Cancel Location to MSC2 and consequently delete the 2nd VLR registration.
If the UE during in the above flow was reachable in 2G/3G the dual VLR registration has been corrected and normal handling of MT CS call took place.
If the UE during in the above flow was reachable in LTE the dual VLR registration has been corrected and subsequent CS Calls will be successful. Whether the CS call that triggered the dual VLR registration cancellation could be serviced depends on availability of MT Roaming Retry / MT Roaming Forwarding functionality in the network.
If the UE during in the above flow was not reachable in LTE or in 2G/3G the dual VLR registration has been corrected and subsequent CS Calls will be successful.
5. Possible solution enhancements

· Trigger recovery for all UEs with “Suspect” indication for the VLR “back in service”;

· “Suspect” indication forwarding?
6. Solution evaluation
For a high level evaluation of the solution described above, the main pros and cons are summarized below.
6.1 Solution proposal 
Pro:

· Solves the identified cases

· No added signalling for normal cases that cannot result in dual VLR registration
· VLR impact only

· Can proactively restore dual VLR registration at MT CS service when the UE is in 2G/3G

Con:

· Loss or delay in UE response to the first MT CS service if the UE has moved back to LTE (subject to MT RR/MT RF functionality)
· MAP protocol impact (added MAP messages and additional MAP signalling)
Note: The solution can be implemented to impact legacy UE cases only and will not impact the system behaviour for Rel-11+ UEs

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. The proposed 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.

A CR to implement the proposed solution is provided in:

· C4-150527 (3GPP TS 29.002 CR 1189)
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