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1. Introduction
CT1 has discussed the issues on SGs/Gs state change without SGs/Gs interface signalling in CT1#83 Chengdu meeting in 2013 and agreed the below network behaviour (in C1-132650 CR#0264 rev#3, C1-132651 CR#0122 rev#3):
For SGs association at the MME:

“During the tracking area update procedure or routing area update procedure (see 3GPP TS 23.401 [7B]) and if the SGs association is not SGs-NULL, the MME may change the state of the SGs association to SGs-NULL upon receipt of a SGSN Context Acknowledge (see 3GPP TS 29.060 [16A]) or Context Acknowledge message without ISR activation (see 3GPP TS 29.274 [17A]) from the target network.”
For Gs association at the SGSN:

“During the routing area update procedure or tracking area update procedure (see 3GPP TS 23.060 [8] and 3GPP TS 23.401[8a]) and if the Gs association is not Gs-NULL, the SGSN may change the state of the Gs association to Gs-NULL upon receipt of a SGSN Context Acknowledge message (see 3GPP TS 29.060 [26A]) or Context Acknowledge message without ISR activation (see 3GPP TS 29.274 [28A]) from the target network.”
One can see the above text does cover the intra/inter-RAT mobility in idle mode only while the intra/inter-RAT PS handover in connected mode was not touched at that time. Hence, the current specifications provided a clear guidance on MME/SGSN implementation on setting the SGs/Gs state during the intra/inter-RAT mobility in idle mode but it is still unclear about setting of the SGs/Gs state at the MME/SGSN during the intra/inter-RAT PS handover.
This discussion paper attempts to analyze the SGs/Gs state setting at the network during the intra/inter-RAT PS handover in connected mode and finally would propose to do the aligned change as done in the intra/inter-RAT mobility in idle mode.

2. Discussion

There are two types of PS handover with two sub-scenarios need to be covered for discussion. We assume that ISR was not touched or not activated in all concerned scenarios.
2.1. Inter-RAT PS handover between E-UTRAN and GERAN/UTRAN
2.1.1. E-UTRAN to UTRAN/GERAN Inter-RAT handover
When seeing the related signalling exchange described in TS 23.401, e.g. in subclause 5.5.2.1.3 for “E-UTRAN to UTRAN Iu mode Inter RAT handover” (the whole procedure can refer to Annex A):

“6.
Then the target SGSN knows that the UE has arrived to the target side and target SGSN informs the source MME by sending the Forward Relocation Complete Notification (ISR Activated, Serving GW change) message. If indicated, ISR Activated indicates to the source MME that it shall maintain the UE's context and that it shall activate ISR, which is only possible when the S‑GW is not changed. The source MME will also acknowledge that information. A timer in source MME is started to supervise when resources in Source eNodeB and Source Serving GW (for Serving GW relocation) shall be released.


When the timer expires and ISR Activated is not indicated by the target SGSN the source MME releases all bearer resources of the UE. If Serving GW change is indicated and this timer expires the source MME deletes the EPS bearer resources by sending Delete Session Request (Cause, Operation Indication) messages to the Source Serving GW. The operation Indication flag is not set, that indicates to the Source Serving GW that the Source Serving GW shall not initiate a delete procedure towards the PDN GW. If ISR has been activated before this procedure, the cause indicates to the Source S‑GW that the Source S‑GW shall delete the bearer resources on the other old CN node by sending Delete Bearer Request message(s) to that CN node.”
From above stage 2 text, it is unclear whether and when the source MME will change the SGs state to SGs-NULL for the UE, even it clearly said that the source MME will start a “guard” timer and release all EPS bearer resources of the UE at the expiry of “guard” timer.

Like receiving the Context Acknowledge message from the target SGSN, upon receipt of the Forward Relocation Complete Notification message, the source MME has known the UE was successfully handed over to the target network, i.e. the target network starts to take over the UE. Even in stage 2 specifications that no below similar text (which exists in the inter-RAT TAU procedure in idle mode) described in the handover procedure, the handling of UE’s EMM contexts and bearer resources at the source MME should be the same, i.e. it does not make sense to still keep the SGs state as active for a UE who has moved out the serving area.
“The new SGSN sends an SGSN Context Acknowledge message to the old SGSN. The old MME (which is the old SGSN from the new SGSN's point of view) marks in its context that the information in the GWs and the HSS are invalid.”
One may argue that the MME can change the SGs state to SGs-NULL at the expiry of “guard” timer. However, the MME may perform an implicit detach for the UE at the expiry of “guard” timer as well due to release of all bearer resources (note that no stage 2 text clearly states that the source MME has to perform an implicit detach here, but the MME can do this as an implementation way). Then when seeing below text in TS 29.118, the MME will initiate an implicit IMSI detach from non-EPS services procedure to the VLR due to the SGs state is active at the expiry of “guard” timer. As a result, the UE will be detached from the CS domain and the MT CS services are not available.
“5.6
Implicit IMSI detach from non-EPS services
5.6.1
General description

This procedure is used by the MME to indicate when, based on the criteria for implicit detach as specified in 3GPP TS 23.401 [7B], the MME has decided 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.”
Let’s see a typical scenario described below in which the ongoing CS call may be aborted if the source MME does not change the SGs state to NULL upon receipt of the Forward Relocation Complete Notification message from the target SGSN:

1)
UE is combined attached in E-UTRAN (and the state of SGs association is SGs-Associated) and initiated a CSFB procedure to fall back to GERAN/UTRAN in the same LA as registered before via PS handover. The serving VLR is not changed during the inter-system change. 
2)
During the PS handover procedure, the source MME receives the Forward Relocation Complete Notification message without ISR activation from the target SGSN. Hence the source MME starts a “guard” timer to supervise the release of UE’s bearer resources.
3)
The CS call is initiated to the serving VLR without LAU procedure.

4)
The UE initiates a RAU procedure (not combined RAU here) after the PS handover is completed. There is no context exchange with the source MME during the RAU procedure, i.e. the source MME will not receive the Context Acknowledge message from the target SGSN.
5)
The “guard” timer expires before the ongoing call finished. The MME locally release all EPS bearer contexts of the UE and then performs an implicit detach (here is the local release due to the UE has fallback to GEREN/UTRAN).

6)
Due to the state of SGs association of the UE is still SGs-Associated, the source MME initiates an implicit IMSI detach from non-EPS services procedure to the VLR. The ongoing CS call may be aborted here.
Even for the case of pure PS handover without CSFB, if the UE initiated an LAU (in NMO II) or combined RAU (in NMO I) procedure in GERAN/UTRAN, the SGs state will be changed to SGs-NULL at the VLR side. Hence the implicit IMSI detach from non-EPS services initiated by the source MME will be redundant (the VLR will still reply SGsAP-IMSI-DETACH-ACK message to the source MME), which results in unnecessary SGs signalling exchange.
Observation I: The ongoing CS call may be aborted if the source MME does not change the SGs state to SGs-NULL upon receipt of the Forward Relocation Complete Notification message from the target SGSN during the CSFB via PS handover.

Observation II: The unnecessary SGs signalling exchange may be created if the source MME does not change the SGs state to SGs-NULL upon receipt of the Forward Relocation Complete Notification message from the target SGSN during the PS handover without CSFB.

2.1.2. UTRAN/GERAN to E-UTRAN Inter-RAT handover
When seeing the related signalling exchange described in TS 23.401, e.g. in subclause 5.5.2.2.3 for “UTRAN Iu mode to E-UTRAN Inter RAT handover” (the whole procedure can refer to Annex B):

“7.
Then the target MME knows that the UE has arrived to the target side and target MME informs the source SGSN by sending the Forward Relocation Complete Notification (ISR Activated, Serving GW change) message. If ISR Activated is indicated, this indicates to the source SGSN that it shall maintain the UE's contexts and activate ISR, which is only possible when the S GW is not changed. The source SGSN shall also acknowledge that information. A timer in source SGSN is started to supervise when resources in the in Source RNC and Source Serving GW (for Serving GW relocation) shall be released”
Similar as in section “2.1.1. E-UTRAN to UTRAN/GERAN Inter-RAT handover”, the source SGSN will start a “guard” timer and then release all EPS bearer resources of the UE at the expiry of “guard” timer. However, it is still unclear whether and when the source SGSN will change the Gs state to Gs-NULL for the UE. Furthermore, a similar implicit IMSI detach from non-GPRS services condition was specified in TS 29.018:
“10
Implicit IMSI detach from non-GPRS services procedure
10.1
General description

This procedure is used by the SGSN to indicate when, based on the criteria for implicit detach as specified in 3GPP TS 23.060 [8], the SGSN has decided 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.”
CSFB cannot happen and hence the Observation I in section 2.1.1 will not apply here. However, if the source SGSN does not change the Gs state to Gs-NULL upon receipt of the Forward Relocation Complete Notification message from the target MME, but it does this at the expiry of the “guard” timer, then the Observation II in section 2.1.1 applies as well if the SGSN performs an implicit detach for the UE at the expiry of “guard” timer.
2.2. Intra-RAT PS handover
2.2.1. Inter-MME PS handover
When seeing the related signalling exchange described in TS 23.401 subclause 5.5.1.2.2 for “S1-based handover” (the whole procedure can refer to Annex C):

“14.
If the MME has been relocated, the target MME sends a Forward Relocation Complete Notification () message to the source MME. The source MME in response sends a Forward Relocation Complete Acknowledge () message to the target MME. Regardless if MME has been relocated or not, a timer in source MME is started to supervise when resources in Source eNodeB and if the Serving GW is relocated, also resources in Source Serving GW shall be released.”
From above stage 2 text, it is also unclear whether and when the source MME will change the SGs state to SGs-NULL for the UE. Let’s see a scenario described below in which the MT CS paging may be unreachable if the source MME does not change the SGs state to SGs-NULL upon receipt of the Forward Relocation Complete Notification message from the target MME:

1)
UE is combined attached to MME1 (and the state of SGs association is SGs-Associated) and initiated an inter-MME S1 PS handover to MME2. The serving VLR is not changed due to LA is not changed. 
2)
During the PS handover procedure, the source MME1 receives the Forward Relocation Complete Notification message from the target MME2. Hence the source MME1 starts a “guard” timer to supervise the release of UE’s bearer resources.
3)
The UE initiates a combined TAU procedure to MME2 after the PS handover is completed. There is no context exchange with the source MME1 during the TAU procedure, i.e. the source MME1 will not receive the Context Acknowledge message from the target MME2.
4)
The MME2 updates the SGs association to the VLR and the SGs state is still active at MME1 before the expiry of “guard” timer.

5)
Before receiving the TAU accept message from MME2 (i.e. GUTI is not updated at the UE), the UE returns back to MME1 via S1 PS handover before the expiry of “guard” timer at the MME1. A new combined TAU with the same GUTI was initiated to MME1.
During the step 5), the MME1 may not update to the VLR due to the below conditions (as specified in TS 29.118 subclause 5.2.2.2.1) are not met:
“-
a combined tracking area update request indicating Combined TA/LA updating with IMSI attach;

-
a combined tracking area update request and the MME detects that the LAI has changed;

-
a combined tracking area update request and the state of the SGs association is SGs-NULL; or

-
a combined tracking area update request and the MME serving the UE has changed.”
Now the new situation is: the SGs association at the MME1 targets to the VLR but the SGs association at the VLR targets to the MME2. As a result, all subsequent MT CS paging will go to MME2 and make the UE unreachable.

Observation III: The MT CS paging may be unreachable if the source MME does not change the SGs state to SGs-NULL upon receipt of the Forward Relocation Complete Notification message from the target MME during the PS handover.

2.2.2. Inter-SGSN PS handover
The similar analysis for inter-MME PS handover in section 2.2.1 can be applied in this case when the UE performs an inter-SGSN PS handover between NMO I. Hence the Observation III applies as well.

3. Proposal
Based on the observations given in section 2, it proposes to align the MME/SGSN behaviour on setting the SGs/Gs state during the intra/inter-RAT PS handover, i.e. the MME/SGSN may change the SGs/Gs state to SGs-NULL/Gs-NULL upon receipt of a Forward Relocation Complete or Forward Relocation Complete Notification message without ISR activation from the target network. By doing this, it will provide a clear guidance on MME/SGSN implementation.
The proposed specification change is covered by the CR C1-151892 for TS 29.118 and C1-151893 for TS 29.018.
Annex A:

TS 23.401 subclause 5.5.2.1.3 for “E-UTRAN to UTRAN Iu mode Inter RAT handover”:
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Figure 5.5.2.1.3-1: E-UTRAN to UTRAN Iu mode Inter RAT HO, execution phase
Annex B:

TS 23.401 subclause 5.5.2.2.3 for “UTRAN Iu mode to E-UTRAN Inter RAT handover”:
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Figure 5.5.2.2.3-1: UTRAN Iu mode to E-UTRAN Inter RAT HO, execution phase
Annex C:

TS 23.401 subclause 5.5.1.2.2 for “S1-based handover”:
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Figure 5.5.1.2.2-1: S1-based handover
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