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1. Introduction
In RAN2#121bis-e the below agreements were made [1]: 
	1. RAN2 will not introduce any enhancement to allow a UE in RRC Connected to stay in RRC_CONNECTED during/after a coverage gap (e.g. suspend RLM/RLF, activation time in RRC Reconfiguration, CHO enhancement)
2. RAN2 to introduce enhancement to RRC Release using one of the following options (FFS which one):
	-	Explicit RRC Release using a new RRC Release cause
[bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK10][bookmark: OLE_LINK11]	-	UE Autonomous release (e.g. timer based or upon detection of coverage gap)


This contribution provides our considerations on supporting discontinuous coverage in Rel-18 IoT-NTN.
2. Discussion
[bookmark: _Toc72163958][bookmark: _Toc72164083][bookmark: _Toc72164151][bookmark: _Toc72164281][bookmark: _Toc72166021][bookmark: _Toc72166096][bookmark: _Toc72166120][bookmark: _Toc72166132][bookmark: _Toc72166144][bookmark: _Toc72166215][bookmark: _Toc72166223][bookmark: _Toc72764097][bookmark: _Toc72764105][bookmark: _Toc72764113][bookmark: _Toc72764121]2.1 RRC connection management
In NGSO earth-fixed and earth moving cells, a UE will experience cells moving towards and away from itself. When the satellite stops serving the area it is currently covering, UE may suddenly lose the connection and initiate corresponding recovery actions, i.e., radio link failure recovery. If T310 expired and RLF is detected, legacy UE need to start T311 and perform a cell search. If there are no cells available for re-establishment upon T311 expiry, the UE leaves the RRC_CONNECTED state. 
Under discontinuous coverage scenario, it is more likely that no cell is available for re-establishment, thus the legacy actions would lead to excessive power consumption for UE. Similarly, for network unware of UE’s being out of coverage, it may also lead to waste of energy and resources. This problem is particularly serious for earth moving cells since the time for each UE to be out of coverage varies depending on its location. Therefore, an assistance information of approaching the out-of-coverage area provided by UE may be needed. 
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Upon receiving out-of-coverage information from the UE, the network may choose to release the UE, considering that the UE will lose coverage in the near future. Furthermore, a remaining time of the coverage estimated by the UE can also be provided to help network determine when to the release the UE.
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Assume the indication is provided at T0 and UE will be out of coverage at T1, then:
· Between T0 and T1:
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Since out-of-coverage indication has been sent to the network, UE and network are consistence in the situation that UE is going to lose the connection. In that case, if RLF is detected, it’s not worth it for UE to do cell research. Therefore, it has power saving benefits for UE to skip the cell search and leave RRC_CONNECTED directly. 
· At T1:
At this point UE could be released autonomously if out-of-coverage is detected. When consider how UE detect out-of-coverage, RLF can also be one way to reflect the coverage exists no longer. Then the UE behavior should be: Upon RLF detection, UE skip the cell search and leave RRC_CONNECTED directly. By this option, no new detection behavior is needed for UE.
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2.2 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:
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3. [bookmark: _Toc104382789][bookmark: _Toc104382798]Conclusion
Observation 1:	Failures/recovery actions lead to excessive power consumption, especially for earth moving cells.
Observation 2:	Network can explicitly release the UE based on the out-of-coverage information.

Proposal 1:	Consider to support UE providing assistance information on being out-of-coverage to gNB for RRC connection management.
Proposal 2:	Consider to include remaining coverage time in out-of-coverage information.
Proposal 3:	After providing the out-of-coverage information, UE follows legacy operation in declaring RLF but skip cell search, and leave RRC_CONNECTED directly.
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), send LS to SA2/CT1 asking for collaboration.
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