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1. Introduction
In RAN2#123 and RAN2#123bis the below agreements were made [1]: 
	RAN2#123
· RAN2 understands that UE may directly go to RRC_IDLE after RLF is triggered, if there is not enough time for the UE to finish the procedure of RRC re-establishment due to the discontinuous coverage (FFS whether this needs to be captured in the specs, e.g. a NOTE).
RAN2#123bis
· Provide carrier frequency for the existing satellite list in SIB32 to facilitate cell selection and reduce service interruption after an NTN coverage gap (FFS if the information can be considered as valid after the validity of SI).


This contribution provides our considerations on supporting discontinuous coverage in Rel-18 IoT-NTN.
2. Discussion
2.1 Out-of-coverage information
In previous RAN2 meetings, companies have had some discussions on whether UE should provide out-of-coverage information as an assistance to the network (eNB). The main purpose of indicating out-of-coverage information to RAN could be for triggering a connection release.
Although this out-of-coverage information can be provided by core network, considering it is related to the UE location, especially for earth-moving cases, we assume UE can obtain more accurate information than core network. Therefore, for cases where UE is in RRC_CONNECTED, it would be more suitable to let UE report out-of-coverage information to RAN, e.g., during initial access or after moving to RRC_CONNECTED. 
1. [bookmark: _Toc146100457][bookmark: _Toc146100468][bookmark: _Toc146111086][bookmark: _Toc146111092][bookmark: _Toc146111413][bookmark: _Toc146111419][bookmark: _Toc146111425][bookmark: _Toc146111431][bookmark: _Toc146201879][bookmark: _Toc146205018][bookmark: _Toc146205024][bookmark: _Toc146205030][bookmark: _Toc146205036][bookmark: _Toc146205042][bookmark: _Toc146205048][bookmark: _Toc146205054][bookmark: _Toc146802124][bookmark: _Toc149048270][bookmark: _Toc149048276][bookmark: _Toc149048282]Network can explicitly release the UE when UE is going to lose coverage.
[bookmark: _Toc146100462][bookmark: _Toc146100473][bookmark: _Toc146111088][bookmark: _Toc146111094][bookmark: _Toc146111415][bookmark: _Toc146111421][bookmark: _Toc146111427][bookmark: _Toc146111433][bookmark: _Toc146201881][bookmark: _Toc146205020][bookmark: _Toc146205026][bookmark: _Toc146205032][bookmark: _Toc146205038][bookmark: _Toc146205044][bookmark: _Toc146205050][bookmark: _Toc146205056][bookmark: _Toc146802126][bookmark: _Toc149048272][bookmark: _Toc149048278][bookmark: _Toc149048284]At least for earth-moving cases, UE in RRC_CONNECTED provide out-of-coverage information as an assistance to the network (eNB). 
To provide assistance information indicating UE is approaching out-of-coverage, the trigger of transmitting out-of-coverage information can base on the remaining coverage time. For example, upon remaining coverage time is less than threshold, UE provide the out-of-coverage information to the network, then the network may choose to release the UE considering that the UE is going to lose coverage in the near future.
[bookmark: _Toc146100463][bookmark: _Toc146100474][bookmark: _Toc146111089][bookmark: _Toc146111095][bookmark: _Toc146111416][bookmark: _Toc146111422][bookmark: _Toc146111428][bookmark: _Toc146111434][bookmark: _Toc146201882][bookmark: _Toc146205021][bookmark: _Toc146205027][bookmark: _Toc146205033][bookmark: _Toc146205039][bookmark: _Toc146205045][bookmark: _Toc146205051][bookmark: _Toc146205057][bookmark: _Toc146802127][bookmark: _Toc149048273][bookmark: _Toc149048279][bookmark: _Toc149048285]Trigger out-of-coverage information providing base on remaining coverage time.
2.2 UE behavior related to RLF
During last meeting, RAN2 understands that UE may directly go to RRC_IDLE after RLF is triggered, if there is no enough time for the UE to finish the procedure of RRC re-establishment due to the discontinuous coverage.
In our understanding, the determination of “no enough time” is based on the estimation of being out-of-coverage. If the remaining time before losing coverage is less than a threshold, it can be considered as “no enough time” to finish the procedure of RRC re-establishment.
[bookmark: _Toc146100458][bookmark: _Toc146100469][bookmark: _Toc146111087][bookmark: _Toc146111093][bookmark: _Toc146111414][bookmark: _Toc146111420][bookmark: _Toc146111426][bookmark: _Toc146111432][bookmark: _Toc146201880][bookmark: _Toc146205019][bookmark: _Toc146205025][bookmark: _Toc146205031][bookmark: _Toc146205037][bookmark: _Toc146205043][bookmark: _Toc146205049][bookmark: _Toc146205055][bookmark: _Toc146802125][bookmark: _Toc149048271][bookmark: _Toc149048277][bookmark: _Toc149048283]If the estimated remaining coverage time is less than a threshold, it can be considered as “no enough time” to finish the procedure of RRC re-establishment.
If out-of-coverage information has been provided by UE, the network will know that UE is going to lose coverage in the near future. Then, upon declaring RLF, UE can leave RRC_CONNECTED directly. 
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2.3 eDRX and paging enhancement 
When UE is configured with eDRX, UE will monitor PO during PTW (Paging Transmission Window). Although The PTW length and eDRX cycle are configurable, the PTW position (i.e., the starting position) is calculated based UE-ID. The goal of the formula is to make sure that all UEs’ paging windows and the corresponding paging load are spread out evenly over the time. This method works well when all UEs are in coverage (nearly) all the time. This may not works well for discontinuous coverage scenario: UEs nearby sharing the same/similar coverage time will wake up in different time window (PTW) for paging reception, it will unavoidable that some of the UEs will have its calculated PTW being out of its coverage window, see figures below:


Figure 1: Same/similar in coverage time window for UEx ad UEy


Figure 2: Different PTW position calculated for UEx and UEy, even with same eDRX configuration
Several options has been discussed in last meeting:
· Option A: Updated PTW configuration (details FFS, e.g. configurable offset, updated PTW calculation, multiple PTW configurations)
· Option B: UE autonomous adjustment (details FFS, e.g. extend the paging monitoring, report to NW)
· Option C: No RAN impact (revert the agreement from last meeting)
Although eDRX and paging co-ordination is done mainly in NAS layer, but PTW determination is specified in TS36.304. As shown in the figures, if we keep the calculation of PTW unchanged in RAN specification, at least some UEs’ paging occasions will fall out of its coverage window.  So we believe RAN impact is expected (i.e., option C can be excluded).
Regardless how to do the PTW adjustment (UE-based as option B, or NW-based as option A), UE and NW have to be synchronized on where to transmit and monitor the paging. With option B, UE autonomous adjustment should be done with NW configured rules. Particularly it is not feasible for UE to autonomously adjust its paging monitoring window to align with the new in-coverage window corresponding to the UE’s new position due to movement, this will cause asynchronization with network.
If it is agreeable that option B should also be done under network control as option A, then option A clearly is a more direct and simpler solution. If the legacy calculation way does not work, we believe PTW position should be configured instead of calculated in DC scenario, it could be left to SA2/CT1 whether to configure multiple PTW positions, and whether PTW position is configured as an offset from the legacy calculated PTW position or the configuration will replace the calculation:
[bookmark: _Toc134445394][bookmark: _Toc134697730][bookmark: _Toc134719163][bookmark: _Toc134719180][bookmark: _Toc134719186][bookmark: _Toc134719192][bookmark: _Toc134781068][bookmark: _Toc134781074][bookmark: _Toc134781080][bookmark: _Toc134781086][bookmark: _Toc134781092][bookmark: _Toc134781098][bookmark: _Toc142559028][bookmark: _Toc142559034][bookmark: _Toc146100466][bookmark: _Toc146100477][bookmark: _Toc146111091][bookmark: _Toc146111097][bookmark: _Toc146111418][bookmark: _Toc146111424][bookmark: _Toc146111430][bookmark: _Toc146111436][bookmark: _Toc146201884][bookmark: _Toc146205023][bookmark: _Toc146205029][bookmark: _Toc146205035][bookmark: _Toc146205041][bookmark: _Toc146205047][bookmark: _Toc146205053][bookmark: _Toc146205059][bookmark: _Toc146802129][bookmark: _Toc149048275][bookmark: _Toc149048281][bookmark: _Toc149048287][bookmark: _Toc104382789][bookmark: _Toc104382798]RAN2 confirm the PTW position should be configurable (FFS to configure one or multiple PTW positions, FFS the configuration is an offset or replacement of the calculated PTW position).
3. Conclusion
Observation 1:	Network can explicitly release the UE when UE is going to lose coverage.
Observation 2:	If the estimated remaining coverage time is less than a threshold, it can be considered as “no enough time” to finish the procedure of RRC re-establishment.

Proposal 1:	At least for earth-moving cases, UE in RRC_CONNECTED provide out-of-coverage information as an assistance to the network (eNB).
Proposal 2:	Trigger out-of-coverage information providing base on remaining coverage time.
Proposal 3:	If UE has provided the out-of-coverage information to network, UE leave RRC_CONNECTED directly upon declaring RLF.
Proposal 4:	RAN2 confirm the PTW position should be configurable (FFS to configure one or multiple PTW positions, FFS the configuration is an offset or replacement of the calculated PTW position).
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