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1. Introduction
This paper intends to discuss the solution to address the de-synchronization of Gs interface issue as indicated in recent SA2 reply LS (S2-114707). 

2. Problem and Solution
In CT1#72 meeting, CT1 sent an LS on “ISR de-activation in S4-SGSN during MS initiated PDP context de-activation”. In this LS, CT1 raised the possible Gs association status de-synchronization issue:

….

2) CT1 would like to highlight that the final situation after step 11 of the message flow is that the UE is combined attached in UTRAN, and the states of the Gs association in SGSN (Gs-Associated) and VLR (Gs-NULL) are not synchronized. I.e. the VLR will page the UE via Iu-cs interface (instead of via Gs interface).
…
SA2 has since provided guidance that CT1 to “either confirm that there are not cases where this situation occurs or provide mechanisms that allow keeping Gs aligned as much as possible”:

However, if in any other scenario such a de-synchronization of Gs interface with Gs-NULL at VLR and Gs-ASSOCIATED at SGSN occurs, this de-synchronization would not be acceptable with SGs-NULL at the VLR, because Gs is used for CS-PS domains paging synchronization and the BSS is not mandated to support paging coordination: thus, if paging is only sent on A interface, a UE in PS-CONNECTED mode will not be paged. Moreover, the SGSN will not update the VLR if Gs at periodic RAU/LAU if Gs state is Gs-associated at the SGSN side. 

To avoid such issue that could occur in other scenarios, SA2 would recommend CT1 to either confirm that there are not cases where this situation occurs or provide mechanisms that allow keeping Gs aligned as much as possible.

Since the de-synchronization could happen (as described in [2], [3] and [4]), and in addition, similar situation on the SGs side is also possible which could result in SGs de-synchronization, a generic solution to address this issue is desired so that the Gs association status on the SGSN and the VLR could be synchronized and similarly SGs association status on the MME and the VLR could be synchronized.
Given the fact that Gs and SGs associations could not be active simultaneously in the VLR for a UE, on the VLR side, activation of one association triggered by Location Update from corresponding Gs or SGs interface would result in deactivation of the other association. If we look at one possible scenario that could result in Gs de-synchronized status, we could notice that the reason for such de-synchronization is due to lacking of notification from the VLR to the SGSN when the VLR removed the Gs association and set it to SGs-NULL.  If a notification could be sent to the SGSN, then the SGSN will be able to clean up Gs resources, and Gs association status on the SGSN and the VLR would be synchronized.
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Figure 1. Gs association status desynchronization 

So it is proposed to use BSSAP+-RELEASE-REQUEST or SGs-RELEASE-REQUEST message to notifiy the SGSN or the MME about the Gs and SGs association removal at the VLR so that the SGSN and the MME can act accordingly to clean up the respected Gs/SGs resources and reset the Gs/SGs association status.
1). Gs association status synchronization
When the VLR receives the SGsAP-LOCATION-UPDATE-REQUEST message, the VLR check the Gs association status. If the Gs association is not NULL, right after setting Gs association to Gs-NULL, the VLR sends BSSAP+-RELEASE-REQUEST message to the SGSN to indicate that the Gs association on the VLR side has been removed and therefore Gs interface on the SGSN needs to be deactivated. 
When the SGSN receives this BSSAP+-RELEASE-REQUEST message, it removes the Gs association towards the UE, and set the Gs association status to Gs-NULL.
This is illustrated in Figure 2 below:
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Figure 2. Synchronize Gs association status 

2). SGs association status synchronization
When the VLR receives the GsAP-LOCATION-UPDATE-REQUEST message, the VLR check the SGs association status. If the SGs association is not NULL, right after setting SGs association to SGs-NULL, the VLR sends SGs-RELEASE-REQUEST message to the MME to indicate that the SGs association on the VLR side has been removed and therefore SGs interface on the MME needs to be deactivated.
When the MME receives this SGs-RELEASE-REQUEST message, it removes the SGs association towards the UE, and set the SGs association status to SGs-NULL.

This is illustrated in the Figure 3 below.
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Figure 3. Synchronize SGs association status 

3. Conclusion

It is proposed to have a discussion on this solution. Related CRs on SGs and Gs association status synchronization have been provided in C1-12xxxx and C1-12xxxx.
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