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1. Introduction
In TS 29.118, for the implicit IMSI detach from non-EPS services procedure, it said, quote:

“This procedure is used by the MME to indicate when an internal MME timer mechanism has caused the MME to delete the EMM context of an UE or mark its EMM context as detached. This procedure only applies to UEs for which there is an SGs association at the MME.”
At the VLR side, during the implicit IMSI detach from non-EPS services procedure, the VLR will mark the UE as detached from non-EPS services if the MME name is not changed, the SGs association is not NULL and the VLR does not have a signalling connection for the UE.

In TS 29.018, for the implicit IMSI detach from non-GPRS services procedure, it said, quote:

“This procedure is used by the SGSN to indicate when an internal SGSN timer mechanism has caused the SGSN to delete the GMM context of an MS or mark its GMM context as detached. This procedure only applies to MSs that are not in the Gs-NULL state at the SGSN.”
At the VLR side, during the implicit IMSI detach from non-GPRS services procedure, the VLR will mark the UE as detached from non-GPRS services if the Gs association is not NULL and the VLR does not have a signalling connection for the UE.

One can see that the highlighted text “an internal MME timer mechanism” or “an internal SGSN timer mechanism” covers all the internal timers which can cause the (E/G)MM context of the UE to be deleted or be marked as detached at the MME/SGSN. By scanning such internal timers defined in 3GPP specifications (e.g. stage 2 TS 23.401 and TS 23.060), one can find only two such timers were defined: one is the implicit detach timer and another one is an implementation-specific timer started during the inter-CN node TAU/RAU procedure (called “implementation-specific timer” for simplicity hereafter). The cause and the value of the implicit detach timer was further defined in stage 3 TS 24.301 and TS 24.008 but the implementation-specific timer was only described in stage 2.

This discussion paper attempts to analyze the scenarios and problems based on which to conclude that the above “an internal MME timer mechanism” or “an internal SGSN timer mechanism” in TS 29.118 or TS 29.018 for triggering the implicit IMSI detach from non-EPS/non-GPRS services procedure does cover the implicit detach timer only.
2. Discussion
This section attempts to see why “an internal MME timer mechanism” or “an internal SGSN timer mechanism” in TS 29.118 or TS 29.018 for triggering the implicit IMSI detach from non-EPS/non-GPRS services procedure can not cover the implementation-specific timer. Note that all scenarios in this section do not take ISR into account.
2.1 SGs case
2.1.1 General

During the inter-CN node TAU/RAU procedure, as specified in TS 23.401, after receiving the Context Request message and successful validating the UE, the old MME will start an implementation-specific timer in order to maintain the UE context for the cases the UE initiates another TAU/RAU procedure before completing the ongoing TAU/RAU procedure to the new MME/SGSN. Furthermore, the old MME will mark the UE context as invalid upon receipt of Context Acknowledge message to ensure that the old MME updates the GWs and the HSS, if the UE initiates a TAU procedure back to the old MME before completing the ongoing TAU/RAU procedure. 
However, in TS 23.401, it is unclear whether the old MME will also set UE’s SGs association to NULL upon receipt of Context Acknowledge message. It just said, e.g. copied from sub-clause 5.3.3.1 of TS 23.401:

“If the MME has changed the new MME sends a Context Acknowledge (Serving GW change indication) message to the old MME/old S4 SGSN. Serving GW change indication indicates a new Serving GW has been selected. The old MME/old S4 SGSN marks in its UE context that the information in the GWs is invalid. And, if the old node is an MME, the old MME marks in its UE context that the information in the HSS is invalid. This ensures that the old MME/old S4 SGSN updates the GWs, and the old MME updates the HSS, if the UE initiates a TAU or RAU procedure back to the old MME/old S4 SGSN before completing the ongoing TAU procedure.”
From technical point of view, cannot see why the MME needs to keep the SGs association for the UE due to here the UE has already moved to the target MME/SGSN and the target MME/SGSN has already taken over the UE well. On the contrary, if the old MME does keep the SGs association for the UE here, then MT CS services will fail in the below scenario:

(1) The UE was combined attached in MME1 and VLR1, i.e. the SGs is active;

(2) The UE moves to MME2 and initiates the combined TAU procedure. During this TAU procedure, the MME1 starts an internal timer and keep the SGs association for the UE. The UE was combined attached in MME2 and VLR1;
(3) The UE moves back to MME1 and initiates the combined TAU procedure before the expiry of the internal timer running at the MME1. Due to the SGs association for the UE was still active at MME1, then the MME1 will not update VLR1;
(4) The UE was combined attached to the MME1 but the SGs association of the UE at the VLR1 was targeted to MME2.
If the old MME sets UE’s SGs association to NULL upon receipt of Context Acknowledge message, then at the expiry of the implementation-specific timer, the SGs association for the UE was already NULL and hence the old MME will not trigger the implicit IMSI detach from non-EPS services procedure to the VLR, seeing TS 29.118 sub-clause 5.6.1:
“This procedure is used by the MME to indicate when an internal MME timer mechanism has caused the MME to delete the EMM context of an UE or mark its EMM context as detached. This procedure only applies to UEs for which there is an SGs association at the MME.”
In other words, even if the old MME does not set UE’s SGs association to NULL upon receipt of Context Acknowledge message, from the scenario analysis in the following sections, the problems do exist if the old MME initiates the implicit IMSI detach from non-EPS services procedure to the VLR at expiry of the implementation-specific timer.
2.1.2 Inter-MME TAU without VLR change
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In this case, normally the SGs association was already re-established between the new MME and the VLR for the UE before the expiry of the implementation-specific timer at the old MME. The stored MME name in the VLR was changed to the new MME so it is redundant for the old MME to send the SGsAP-IMSI-DETACH-INDICATION message to the VLR due to it makes no sense for the VLR but result in unnecessary SGs signalling (the VLR will still reply SGsAP-IMSI-DETACH-ACK message to the old MME).

2.1.3 Inter-RAT RAU to NMO I without VLR change
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In this case, normally the Gs association was already established between the new SGSN and the VLR for the UE before the expiry of the implementation-specific timer at the old MME. The SGs association was already set to NULL at the VLR for the UE so it is redundant for the old MME to send the SGsAP-IMSI-DETACH-INDICATION message to the VLR due to it makes no sense for the VLR but result in unnecessary SGs signalling (the VLR will still reply SGsAP-IMSI-DETACH-ACK message to the old MME).

2.1.4 Inter-RAT RAU to NMO II without VLR change

(1) LA was changed:
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In this case, normally the SGs association for the UE will be set to NULL at the VLR before the expiry of the implementation-specific timer at the old MME. Hence, it is redundant for the old MME to send the SGsAP-IMSI-DETACH-INDICATION message to the VLR due to it makes no sense for the VLR but result in unnecessary SGs signalling (the VLR will still reply SGsAP-IMSI-DETACH-ACK message to the old MME).

(2) LA was not changed:
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In this case, no LAU triggered to the VLR so the SGs association for the UE was still active between the old MME and the VLR. If the old MME sends the SGsAP-IMSI-DETACH-INDICATION message to the VLR at the expiry of the implementation-specific timer, the VLR will set the SGs association to NULL and mark the UE as detached from the CS domain, which makes the subsequent MT call not available. Note that even the UE will start the PLAU timer T3212 as specified below in TS 24.008 sub-clause 4.4.2, it will still delay the MT call available for long time when considering the remaining value of T3412 and the broadcast T3212 timeout value can be up to e.g. one hour.
 “If the MS, configured to use CS fallback and SMS over SGs, or SMS over SGs only, enters a GERAN or UTRAN cell after intersystem change from S1 mode to Iu or A/Gb mode in NMO II, the TIN indicates "GUTI", and the location area of the current cell is the same as the stored location area, the MS shall start timer T3212, with a value set to the shorter of the values of the remaining value of timer T3412, and the broadcast T3212 timeout value.”
Furthermore, one can see a LAU trigger in this case was defined in TS 24.008 sub-clause 4.4.1 as below:

“c)
when the MS, configured to use CS fallback and SMS over SGs, or SMS over SGs only, enters a GERAN or UTRAN cell in network operation mode II and timer T3423 has expired or is in the GERAN or UTRAN cell in network operation mode II when timer T3423 expires;”
However, the above trigger does apply for the ISR activiated cases only. If ISR was activated, no implementation-specific timer will run at the old MME. So this trigger should be taken out from the discussion.
Also, another LAU trigger in this case was defined in TS 24.008 sub-clause 4.4.1 as below:

“d)
when the MS, configured to use CS fallback and SMS over SGs, or SMS over SGs only, enters a GERAN or UTRAN cell after intersystem change from S1 mode to Iu or A/Gb mode, if timer T3346 is running, and the location area of the current cell is the same as the stored location area;”
If the back-off timer T3346 was started at the MME side, then no RAU will be initiated by the UE after entering GERAN/UTRAN if T3346 is running. If no RAU, then no implementation-specific timer will run at the old MME. If the back-off timer T3346 was started at the SGSN side, which does mean the RAU request was rejected by the SGSN or RRC connection was rejected/released by the lower layer with an "Extended Wait Time". In both cases, the new SGSN will not intiniate the context transfer procedure to the old MME and hence no implementation-specific timer will run at the old MME. So this trigger should also be taken out from the discussion.
2.1.5 VLR changed for all inter-CN node TAU/RAU

The new VLR will send the Update Location to the HLR and then the HLR will send Cancel Location to the old VLR, which results in the SGs association for the UE to be set to NULL at the old VLR. Hence, it is redundant for the old MME to send the SGsAP-IMSI-DETACH-INDICATION message to the old VLR due to it makes no sense for the old VLR but result in unnecessary SGs signalling (the old VLR will still reply SGsAP-IMSI-DETACH-ACK message to the old MME).
2.1.6 Summary
	Scenarios
	Problems

	2.1.2 Inter-MME TAU without VLR change
	result in unnecessary SGs signalling

	2.1.3 Inter-RAT RAU to NMO I without VLR change
	result in unnecessary SGs signalling

	2.1.4 Inter-RAT RAU to NMO II without VLR change + LA was changed
	result in unnecessary SGs signalling

	2.1.4 Inter-RAT RAU to NMO II without VLR change + LA was not changed
	the UE was detached from the CS domain which makes the subsequent MT call not available

	2.1.5 VLR changed for all inter-CN node TAU/RAU
	result in unnecessary SGs signalling


From the analysis in the general section and the above table, we propose to conclude:

Proposal I: The MME need not to trigger the implicit IMSI detach from non-EPS services procedure to the VLR at the exipry of the implementation-specific timer.

2.2 Gs case in NMO I
During the inter-CN node TAU/RAU procedure, as specified in TS 23.401 and TS 23.060, after receiving the Context Request message and successful validating the UE, the old SGSN will start an implementation-specific timer in order to maintain the UE context for the cases the UE initiates another TAU/RAU procedure before completing the ongoing TAU/RAU procedure to the new MME/SGSN.
Furthermore, from the description given in subcauses 6.9.1 and 6.9.2 of TS 23.060, and in D.3.6 of TS 23.401, e.g. quoted from TS 23.060 subcause 6.9.1 as below, one can see that the old SGSN will set UE’s Gs association to NULL upon receipt of Context Acknowledge message to ensure the VLR will be updated if the UE initiates a RAU back to the old SGSN:
“The old SGSN marks in its context that the MSC/VLR association and the information in the GGSNs and the HLR are invalid. This triggers the MSC/VLR, the GGSNs, and the HLR to be updated if the MS initiates a routeing area update procedure back to the old SGSN before completing the ongoing routeing area update procedure. If the security functions do not authenticate the MS correctly, then the routeing area update shall be rejected, and the new SGSN shall send a reject indication to the old SGSN. The old SGSN shall continue as if the SGSN Context Request was never received.”
If the old SGSN sets UE’s Gs association to NULL upon receipt of Context Acknowledge message, then at the expiry of the implementation-specific timer, the Gs association for the UE was already NULL and hence the old SGSN will not trigger the implicit IMSI detach from non-GPRS services procedure to the VLR, seeing TS 29.018 sub-clause 10.1:

“This procedure is used by the SGSN to indicate when an internal SGSN timer mechanism has caused the SGSN to delete the GMM context of an MS or mark its GMM context as detached. This procedure only applies to MSs that are not in the Gs-NULL state at the SGSN.”
From above SA2 description, we propose to conclude:

Proposal II: The SGSN need not to trigger the implicit IMSI detach from non-GPRS services procedure to the VLR at the exipry of the implementation-specific timer.
3. Conclusion

This discussion paper analyzed why “an internal MME timer mechanism” or “an internal SGSN timer mechanism” in TS 29.118 or TS 29.018 for triggering the implicit IMSI detach from non-EPS/non-GPRS services procedure can not cover the implementation-specific timer. 
For Gs case, SA2 specification clearly said that the old SGSN will set the UE’s Gs association to NULL upon receipt of Context Acknowledge message, so the old SGSN shall not trigger the implicit IMSI detach from non-GPRS services procedure to the VLR at the exipry of the implementation-specific timer.

For SGs case, due to SA2 specification does not clearly indicate that the old MME will set the UE’s SGs association to NULL upon receipt of Context Acknowledge message, this discussion paper provided detail scenario analysis for the inter-CN node TAU/RAU procedures. Based on the detail analysis, it was proposed that the old MME shall also not trigger the implicit IMSI detach from non-EPS services procedure to the VLR at the exipry of the implementation-specific timer.
It proposes CT1 to discuss the above scenarios and problems, and then to agree the proposals shown in the related CRs in C1-132085 for TS 29.118 and C1-132086 for TS 29.018.
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