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Abstract of the contribution: This paper discusses whether the desynchronization of Gs interface states will bring the functional problems or not.
1
Introduction

CT1 has sent an LS(S2-112952) to SA2 and asked whether the desynchronization of Gs interface states will bring the functional problems or not during the last PDP context deactivation. In draft LS out (S2-113944) the message flow has been corrected. However, the desynchronization of Gs interface states which is caused by ISR activation should be considered further more. This paper considers different cases of Gs interface state in case of ISR activation and analyzes whether SGs capability will impact the Gs association or not.
2
Discussion
2.1
Last PDP context deactivation
2.1.1
SGs supported in EPC
Start situation: 

The UE has CSFB and/or SMS over SGs capability.

Initially the UE performs a combined attach via UTRAN and activates a PDP context. Then the UE moves in idle mode to E-UTRAN where it performs a combined TAU procedure. The network has the SGs capability and accepts the TAU request. During the combined TAU procedure, ISR is activated and the MME indicates this to the UE. 
The state of the SGs association is SGs-Associated in the VLR and in the MME. 

The state of the Gs association in is Gs-NULL in the VLR and Gs-Associated in the SGSN. 
Then the UE moves in idle mode back to UTRAN and deactivates the last PDP context. As a result, ISR in the UE is deactivated locally and set its TIN to "P-TMSI". The Gs and the SGs states don’t change. The SGSN and the MME maintains ISR activation.
Result situation: 

If the UE still camps on GERAN/UTRAN:

- When MT call arrives in the VLR, the UE is paged in the GERAN/UTRAN and E-UTRAN. 
- When the UE initiates CS call, the UE sends the CM SERVICE REQUEST message to VLR.
If the UE moves back to E-UTRAN, the UE is detached locally and can’t initiate any procedure until the completion of attach procedure. SGs association can be re-established during the combined attach procedure.
Conclusion: There is no functional problem caused by the desynchronization of Gs state.
2.1.2
SGs not supported in EPC
Start situation: 

The UE has CSFB and/or SMS over SGs capability.

Initially the UE performs a combined attach via UTRAN and activates a PDP context. Then the UE moves in idle mode to E-UTRAN where it performs a combined TAU procedure. The network has no the SGs capability and only accepts the TAU request for EPS services only. During the combined TAU procedure, ISR is activated and the MME indicates this to the UE. The UE shall set the update status to U2 NOT UPDATED.
The state of the SGs association is SGs-Null in the VLR and in the MME. 

The state of the Gs association in is Gs-Associated in the VLR and Gs-Associated in the SGSN. 
Result situation: 

If the UE still camps on E-UTRAN (CS/PS mode 1 with IMS available or CS/PS mode 2), any CS service can’t be provided. When the MT call arrives in the VLR, the VLR only pages the UE via the SGSN and the UE is unreachable. For the UE operating in CS/PS mode 1, voice service can be resolved by T-ADS and there is no such issue.
If the UE moves back to GERAN/UTRAN, the UE shall not perform any procedure (including the last PDP context deactivation) until Combined RA/LA updating procedure. Gs association can be re-established and ISR will not be activated during the combined RAU procedure according to existing spec for CSFB and/or SMS over SGs enabled UE. Then the VLR handles paging and location update via the SGSN. If only separated LAU is performed in case of NMO II or III, the Gs will be removed. Then the VLR handles paging and location update via the A/Iu-CS.

Conclusion: Gs association states are synchronous between the SGSN and VLR. Note that the paging resource waste if the UE comps on E-UTRAN and ISR is activated. However it seems acceptable.
2.1.3
CSFB/SMS over SGs disabled UE
Start situation: 

Initially the UE performs a combined attach via UTRAN and activates a PDP context. Then the UE moves in idle mode to E-UTRAN where it performs a TAU procedure. During the TAU procedure, ISR is activated and the MME indicates this to the UE.
The state of the SGs association is SGs-Null in the VLR and in the MME. 

The state of the Gs association in is Gs-Associated in the VLR and Gs-Associated in the SGSN. 
Result situation: 

If the UE camps on E-UTRAN, any CS service can’t be provided. When the MT call arrives in the VLR, the VLR only pages the UE via the SGSN and the UE is unreachable.

If the UE moves back to GERAN/UTRAN in idle mode, the UE will not perform RAU procedure because of ISR activation and the VLR handles paging and location update via the SGSN.

Further situation: 

If the UE camps on GERAN/UTRAN and deactivates the last PDP context, as a result, ISR in the UE is deactivated locally and set its TIN to "P-TMSI". The Gs and the SGs states don’t change. The SGSN and the MME maintains ISR activation.

Result situation:
If the UE still camps on GERAN/UTRAN:

- When MT call arrives in the VLR, the UE is only paged in the GERAN/UTRAN.

- When the UE initiates CS call, the UE sends the CM SERVICE REQUEST message to VLR.

If the UE moves back to E-UTRAN, the UE is detached locally and can’t initiate any procedure until the completion of attach procedure.
Conclusion: Gs association states are synchronous between the SGSN and VLR. Note that the paging resource waste if the UE comps on E-UTRAN and ISR is activated. However it seems acceptable.
2.2
Detach procedure
2.2.1
SGs supported in EPC
Start situation: 

The UE has CSFB and/or SMS over SGs capability.

Initially the UE performs a combined attach via UTRAN and activates the PDP context. Then the UE moves in idle mode to E-UTRAN where it performs a combined TAU procedure. The network has the SGs capability and accepts the TAU request. During the combined TAU procedure, ISR is activated and the MME indicates this to the UE. The SGSN and the MME maintains ISR activation.
The state of the SGs association is SGs-Associated in the VLR and in the MME. 

The state of the Gs association in is Gs-NULL in the VLR and Gs-Associated in the SGSN. 
When the UE initiates detach procedure in GERAN/UTRAN and the detach type indicates “GPRS detach only”. The SGSN notifies the associated MME with detach type (i.e. PS detach). The MME sends an EPS Detach Indication (IMSI) message to the MSC/VLR. The MSC/VLR removes the SGs association.
Similar behaviour is taken during the SGSN initiating detach procedure. 

If the HSS sends the cancel location request to the SGSN to detach PS service during the detach procedure, the SGSN will not notify the MME. However the MME can also receive the message from the HSS and then send an EPS Detach Indication (IMSI) message to the MSC/VLR.
Result situation:
The state of the SGs association is SGs-NULL in the VLR and in the MME. 

The state of the Gs association in is Gs-NULL in the VLR and Gs-Associated in the SGSN. 
The UE and the VLR handle paging and updating in CS domain, i.e. not via PS domain.
Conclusion: SGSN can removes the Gs associated locally, which will cause no functional problem.
2.2.2
SGs temporarily not established in EPC
Start situation: 

The UE has CSFB and/or SMS over SGs capability.

Initially the UE performs a combined attach via UTRAN and activates the PDP context. Then the UE moves in idle mode to E-UTRAN where it performs a combined TAU procedure. The network tries to establish the SGs association and only accepts the TAU request for EPS services only with cause code #16, #17, #22 (temporarily unreachable, congestion etc). During the combined TAU procedure, ISR is activated and the MME indicates this to the UE. The UE remains in U1 UPDATED.
The state of the SGs association is SGs-Null in the VLR and in the MME. 

The state of the Gs association in is Gs-Associated in the VLR and Gs-Associated in the SGSN. 
When the UE moves back to GERAN/UTRAN, it will not initiate LAU or Combined RA/LA updating procedure immediately. Before the RAU timer expiration, the UE initiates detach procedure to detach GPRS service. Then the SGSN notifies the associated MME with detach type (i.e. PS detach).
Similar behaviour is taken during the SGSN initiating detach procedure.

If the HSS sends the cancel location request to the SGSN to detach PS service during the detach procedure, the SGSN will not notify the MME. However the MME can also receive the message from the HSS but never send an EPS Detach Indication (IMSI) message to the MSC/VLR.
Result situation:
The state of the SGs association is SGs-NULL in the VLR and in the MME. 
The state of the Gs association in is Gs- Associated in the VLR and Gs-Null in the SGSN. 
The VLR will not be informed of this event according to the current specification. When the MT call arrives in the VLR, the VLR shall send the paging message via SGSN which will be rejected by the SGSN. It will cause the UE unreachable.
Conclusion: The SGSN should inform the VLR of the Gs associated remove to avoid the MT call failure.

2.2.3
CSFB/SMS over SGs disabled UE
Start situation: 

Initially the UE performs a combined attach via UTRAN and activates the PDP context. Then the UE moves in idle mode to E-UTRAN where it performs a TAU procedure. During the TAU procedure, ISR is activated and the MME indicates this to the UE. The SGSN and the MME maintains ISR activation.

Or initially the UE performs an attach procedure via E-UTRAN. Then the UE moves in idle mode to UTRAN/GERAN where it performs a combined RAU procedure. During the RAU procedure, ISR is activated because the CSFB and/or SMS over SGs is disabled. The SGSN indicates this to the UE. The SGSN and the MME maintains ISR activation.
The state of the SGs association is SGs-Null in the VLR and in the MME. 

The state of the Gs association in is Gs-Associated in the VLR and Gs-Associated in the SGSN. 
When the UE initiates detach procedure in GERAN/UTRAN and the detach type indicates “GPRS detach only”. The SGSN notifies the associated MME with detach type (i.e. PS detach).

Similar behaviour is taken during SGSN initiating detach procedure. 

If the HSS sends the cancel location request to the SGSN to detach PS service during the detach procedure, the SGSN will not notify the MME. However the MME can also receive the message from the HSS but never send an EPS Detach Indication (IMSI) message to the MSC/VLR.
Result situation:
The state of the SGs association is SGs-NULL in the VLR and in the MME. 

The state of the Gs association in is Gs- Associated in the VLR and Gs-Null in the SGSN. 
The VLR will not be informed of this event according to the current specification. When the MT call arrives in the VLR, the VLR shall send the paging message via SGSN which will be rejected by the SGSN. It will cause the UE unreachable.

Conclusion: The SGSN should inform the VLR of the Gs associated remove to avoid the MT call failure.

2.2.4
Combined detach case
In subclause 2.2.1~2.2.3 case, if the UE initiates combined detach procedure, it means the UE doesn’t want to use CS service any more. Even if the SGSN doesn’t notify the VLR to remove the Gs association, the VLR will remove it locally upon reception of paging failure from SGSN. However in order to reduce the complexity of the SGSN, it is proposed that the SGSN also informs the VLR of IMSI detach case.

3
Conclusion and Proposal
Conclusion 1: 
For CT1 case, i.e. last PDP context deactivation, the desynchronization of Gs interface states will not bring the functional problems and is acceptable.
Conclusion 2: 

For detach cases, the SGSN doesn’t know whether SGs association has been established or not. Thus it is propose the SGSN to inform the VLR of the Gs associated removal because of GPRS detach or IMSI detach to avoid the MT call failure. The clarification of this case is added in S2-113946.
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