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Abstract: The paper focuses on handling of the unavailability period feature during the network congestion.
1. Discussion
1.1 Background on Unavailability Period feature
3GPP release 18 introduced a feature “Support for unavailability period” TS 24.501 [1], as per the new feature, if the UE and network support unavailability period and event is triggered in the UE making the UE unavailable for a certain period of time, the UE may store its 5GMM and 5GSM context in USIM or non-volatile memory to be able to reuse it after the unavailability period and inform the network about the unavailability period via the registration/deregistration procedure. 
Before the start of the unavailability period, if the UE can store its contexts, the UE may trigger Mobility Registration Update procedure and provide the unavailability period, otherwise the UE shall trigger UE-initiated Deregistration procedure and provide the unavailability period. Ref TS 23.501 clause 5.4.1.4 The AMF indicates to the UE in the Registration Accept whether the UE is not required to perform a registration procedure when the unavailability period has ended.
Observation 1: The UE may trigger the deregistration procedure if it’s unable to store the 5GMM and 5GSM context in USIM or non-volatile memory, but the UE will need to re-register when the event that caused the UE to be unavailable is complete.
Observation 2: Since the AMF indicates to the UE in the Registration Accept whether the UE is not required to perform a registration procedure when the unavailability period has ended, if the UE chooses to not de-register, the UE might not need to re-register when the event that caused the UE to be unavailable is complete.
The AMF stores the information that the UE is unavailable at the Start of Unavailability Period in UE context, and considers the UE is unreachable from then until the UE enters CM-CONNECTED state. 
Observation 3: While the unavailability period is ongoing/active the UE is considered unreachable for MT by the network.
If there is "Loss of Connectivity" event subscription for the UE by AF, the AMF uses the Unavailability Period duration to construct the "Loss of Connectivity" event report towards the NEF and the remaining time in the Unavailability Period is reported to the respective subscribed AF.
Observation 4: In the case of event subscription for the UE by AF, the AMF constructs the loss of connectivity even report for the AF, taking into consideration the reported unavailability period duration by the UE.
Once the event that made UE unavailable in complete in the UE, the UE triggers the registration procedure to come out of the unavailability period.
1.2 Handling of unavailability period feature during network congestion
The UE behaviour and handling of the unavailability period feature during network congestion is not clear and not yet specified in stage-2/3.
An LS out was sent to SA2 asking clarification on following questions:
From SA2’s point of view, what is the suggested UE behaviour:

a) when the UE’s request to activate the Unavailability Period is rejected with cause value #22, congestion; and
b) when, upon upper layers request to activate Unavailability Period, a backoff timer (e.g. T3346) is running in the UE.

SA2 reply LS:
SA2 discussed the questions from CT1 and there is no consensus on whether to make the above quoted sentence from section 5.4.13 of TS 23.501 applicable to cases when Support of Unavailability Period in clause 5.4.1.4 is not used for discontinuous network coverage for satellite access.

SA2 WG was not able to reach consensus on the UE’s behaviour and has asked for following actions from CT1:

ACTION: 	
SA2 kindly requests that CT1 take the above information into account and specify what should be the UE’s behaviour in the 2 scenarios that are described in CT1’s questions.
Observation 5: The handling of unavailability period is not clear and specified with respect to network congestion (registration reject with #22 congestion, reporting of the unavailability period while backoff timer T3346 is running in the UE). SA2 has asked CT1 to further discuss and specify the UE’s behaviour.
1.3 Handling of unavailability period feature during network congestion w.r.t 5GSAT_Ph2 WI
The similar issue has been discussed under the 5GSAT_Ph2 work item, where in following agreements have been made. 
Stage-2 Clause 5.4.13.1 in TS 23.501[2] 
The UE may send Mobility Registration Update procedure to inform the network of its UE unavailability period (see clause 5.4.1.4) even if Mobility Management back-off timer is running.
Stage-3, CR 5549 (C1-236554) was agreed in the CT1#143 meeting, with following details. 
Handling of NAS level mobility management congestion control is updated: 
1. to allow the UE unavailability period reporting even if timer T3346 is running and 
2. that AMF should not reject registration update requests for unavailability period reporting even when congestion control is performed.

Furthermore under the 5GSAT_Ph2 work item, following has been agreed in stage-2 TS 23.501[2]
The AMF indicates to the UE in the Registration Accept whether the UE is not required to perform a registration procedure when the unavailability period has ended.
Observation 6: Under the WI 5GSAT_Ph2 it’s already been agreed to let the UE trigger registration to provide unavailability period to the network while back off timer is running, further instructing the AMF to not reject registration request for unavailability period reporting while performing congestion control. Additionally provision for the AMF to instruct the UE to not perform registration procedure when the unavailability period has ended.
1.4 Ongoing discussions and proposals in CT1 
There are multiple proposals which have been discussed in the CT1 to resolve issues captured in observation 5, proposals and evaluations are as below:
Proposal 1: Would be to trigger deregistration procedure for unavailability period during congestion i.e. while T3346 is running, as deregistration is allowed during network congestion. 
Proposal 1 does not provide the complete solution for network congestion handling and has couple of disadvantages. 
Observation 7: Deregistration while back off timer is running leads to more signaling i.e. the UE has to de-register and re-register, leading to more signaling, which goes against the idea of backing off the UE to reduce signaling.
Proposal 2: Would be to not allow the UE trigger any signaling to inform the network about the unavailability period while the back off timer is running.
Proposal 2 has some disadvantages as well: 
Observation 8: Letting the UE be unavailable while the backoff timer is running violates the principles of being backed off because the UE is supposed to be available for MT data while the backoff timer is running.
Observation 9: Not informing the AMF about the UEs unavailability while the backoff timer is running would mean that principle agreed in observation 3 about the loss of connectivity event is violated.
The below proposal 3 overcomes the disadvantages of the proposal 1 & 2 and is further aligned with already agreed UE behaviour under the WI 5GSAT_Ph2 and is part of the TS 24.501 clause 5.3.9 [1] and can be extended to the SUECR work item.
Proposal 3: To align the agreements for 5GSAT_Ph2 with the SUECR feature i.e. 
1. The UE shall be allowed to report unavailability period while backoff timer (T3346) is running, 
2. The AMF should not reject registration update requests for unavailability period reporting when congestion control is performed. 

2. Observation and Proposal
In the discussion document, following observations and proposals have been stated.
Observation 1: The UE may trigger the deregistration procedure if it’s unable to store the 5GMM and 5GSM context in USIM or non-volatile memory, but the UE will need to re-register when the event that caused the UE to be unavailable is complete.
Observation 2: Since the AMF indicates to the UE in the Registration Accept whether the UE is not required to perform a registration procedure when the unavailability period has ended, if the UE chooses to not de-register, the UE might not need to re-register when the event that caused the UE to be unavailable is complete.
Observation 3: While the unavailability period is ongoing/active the UE is considered unreachable for MT by the network.
Observation 4: In the case of event subscription for the UE by AF, the AMF constructs the loss of connectivity even report for the AF, taking into consideration the reported unavailability period duration by the UE.
Observation 5: The handling of unavailability period is not clear and specified with respect to network congestion (registration reject with #22 congestion, reporting of the unavailability period while backoff timer T3346 is running in the UE). SA2 has asked CT1 to further discuss and specify the UE’s behaviour.
Observation 6: Under the WI 5GSAT_Ph2 it’s already been agreed to let the UE trigger registration to provide unavailability period to the network while back off timer is running, further instructing the AMF to not reject registration request for unavailability period reporting while performing congestion control. Additionally provision for the AMF to instruct the UE to not perform registration procedure when the unavailability period has ended.
Observation 7: Deregistration while back off timer is running leads to more signaling i.e. the UE has to de-register and re-register, leading to more signaling, which goes against the idea of backing off the UE to reduce signaling.
Observation 8: Letting the UE be unavailable while the backoff timer is running violates the principles of being backed off because the UE is supposed to be available for MT data while the backoff timer is running.
Observation 9: Not informing the AMF about the UEs unavailability while the backoff timer is running would mean that principle agreed in observation 3 about the loss of connectivity event is violated.
Proposal 1: Would be to trigger deregistration procedure for unavailability period during congestion i.e. while T3346 is running, as deregistration is allowed during network congestion.
Proposal 2: Would be to not allow the UE trigger any signaling to inform the network about the unavailability period while the back off timer is running.
Proposal 3: To align the agreements for 5GSAT_Ph2 with the SUECR feature i.e. 
1. The UE shall be allowed to report unavailability period while backoff timer (T3346) is running, 
2. The AMF should not reject registration update requests for unavailability period reporting even when congestion control is performed. 
3. Conclusion
Taking into consideration all the observations, proposals, disadvantages, and alignments with already agreed work, we propose to go ahead with the Proposal 3 for the SUECR.

Proposal 3: To align the agreements for 5GSAT_Ph2 with the SUECR feature i.e. 
1. The UE shall be allowed to report unavailability period while backoff timer (T3346) is running, 
2. The AMF should not reject registration update requests for unavailability period reporting even when congestion control is performed. 

It is proposed to agree to C1-237180 (CR-5720) which specifies changes as per the proposal 3.
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