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1 Introduction
Rel-18 WID of IoT NTN was agreed and then revised in [1]. There is one objective on how to support discontinuous coverage as copied below.
	4.1.3
Further enhancement to discontinuous coverage

-
Study and specify, if needed, mobility management enhancements and power saving enhancements for discontinuous coverage, taking into account the conclusions from the SA2 study FS_5GSAT_Ph2.  [RAN2, RAN3].


In this contribution, we give our initial views on how to support them.
2 Discussion
2.1 Previous RAN2 discussions

Discontinuous coverage was discussed in RAN2 in Rel-17 but not many conclusions were achieved. As listed below we summarized some typical aspects companies think should be addressed.
1) UE operation in connected state, e.g., 

· Whether to declare RLF and report a special RLF cause to network

· Whether to perform cell search after RLF declaration when moving to coverage gap

· Whether to rely on network release before entering to coverage gap

2) Paging enhancement

· Mismatch issue between PTW (paging transmission window) and actual time with coverage available

3) Power saving aspect

· Relaxed meas, eDRX, PSM, WUS

4) Cell reselection

· Avoiding unnecessary RRM measurement when UE is in coverage gap

2.2 Idle state enhancements
From SA2 study FS_5GSAT_Ph2, the solutions are captured in [2]. The key take aways are:
1) Network configures appropriate parameters such as MICO/PSM parameters, implicit detach timer and others to UE, taking into account the UE unreachability period.

2) Both UE and network are aware of UE unreachability periods. Network can obtain UE unreachability period information from an AF, from the UE or from OAM. The AMF/MME also takes into account UE location/mobility/trajectory information.
It can be seen SA2 mainly targets to configure PSM/eDRX to UE based on unreachability period. The relevant aspects in RAN comprise of paging reception and eDRX handling.
Mismatch issue between PTW and actual coverage time
This issue has been discussed in Rel-17. The causes comprise of prediction error on satellite passing and UE movement. We think this issue should be discussed with the current SA2 conclusion. From our understanding, mismatch issue leads to significant issue that UE stays unreachable for a long time. Second issue is UE may waste its power in performing measurement when no satellites are available.

Proposal 1: RAN2 to discuss whether to address the mismatch issue between PTW and actual coverage time.
Solution wise, below are some alternatives on the table for discussion.
· Alt 1: Early wake up before/late sleep after PTW
· Alt 2: Adjustment of PTW 

From our understanding, early wake up before PTW and late sleep after PTW can be used as a complementary solution since it requires more RRM measurement at UE during the extended active duration. In order to balance the tradeoff between reliability of paging reception and UE power saving, some enhancements can be considered. One example is as long as UE receives a paging message in original PTW, the late sleep is not necessary. 

Regarding PTW adjustment, this is more like a “correctness afterwards” where when either network or UE finds out the mismatch issue, the PTW configuration can be updated accordingly. In order to support this, UE assistance via NAS for eDRX preferred parameter, or via AS can be considered.  

Proposal 2: UE assistance information can be used for PTW adjustment.
Uneven eDRX configurations
Another typical issue brought up during Rel-17 discussions is the unevenly distributed coverage period from multiple satellites caused by unevenly distributed satellite coverage.
It’s observed that in [2], this issue was not investigated. One may say network can update its eDRX/PSM configuration before each satellite’s appearance. But it seems not an efficient configuration as UE would be frequently waken up to receive the new configuration. Another possible solution is to configure multiple eDRX/PSM configurations to UE. Since it is heavily relevant to SA2/CT1 work, the decision should be made there.

Proposal 3: Send an LS to SA2/CT1 on unevenly distributed coverage period caused by unevenly distributed satellite from multiple satellites. 

2.2 Other AS enhancements

UE behavior upon entering coverage gap in connected state

During Rel-17 discussion, several points were touched upon for AS centric enhancements.
One issue is whether UE should declare RLF before the coverage is about to lose and whether the RLF reporting if any should differentiate the satellite coverage gap based RLF from general RLF. Some companies think we can rely on RRC release message from network and some other companies think UE can report its exit.
From SA2 conclusion, the understanding is network would take care of discontinuous coverage issue by configuring UE with PSM/eDRX. It's not clear if this covers all potential coverage gap scenarios. For example, for short period without coverage, does MME is also involved to provide NAS solution?

Observation 1: NAS centric solution (PSM/eDRX) may not be there for all discontinuous coverage scenarios.

For the case where NAS centric solution is not available, our understanding is UE can declare RLF as legacy to avoid UE impact.
Proposal 4: UE follows legacy operation in declaring RLF upon entering coverage gap. 
UE behavior in coverage gap

In order to save power, UE should be able to skip RRM measurement and cell search after declaring RLF if no neighbor cell is available. Correspondingly, UE can skip the RRC Reestablishment procedure in coverage gap. However, if network coverage is back, UE initiates cell search and initiates RRC Reestablishment procedure as usual. 
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Fig. 1 UE behavior in T311

Proposal 5: During T311, UE does not perform cell search if UE is in coverage gap.
Inactive state handling
SA2 conclusions are for RRC idle state handling. Then one question is whether to support RRC inactive state enhancement for discontinuous coverage. If to support appropriate eDRX configuration for inactive state, RAN node should be aware of the UE unreachability period. From our understanding, RAN can obtain this knowledge from either CN or UE. At UE side, how UE handles eDRX is the same for inactive and idle state. Thus,

Proposal 6: RAN2 to discuss whether to support discontinuous coverage scenario in inactive state. 
3 Conclusion
Based on the above discussion, our proposals are:
Proposal 1: RAN2 to discuss whether to address the mismatch issue between PTW and actual coverage time.

Proposal 2: UE assistance information can be used for PTW adjustment.
Proposal 3: Send an LS to SA2/CT1 on unevenly distributed coverage period caused by unevenly distributed satellite from multiple satellites. 

Observation 1: NAS centric solution (PSM/eDRX) may not be there for all discontinuous coverage scenarios.

Proposal 4: UE follows legacy operation in declaring RLF upon entering coverage gap. 

Proposal 5: During T311, UE does not perform cell search if UE is in coverage gap.

Proposal 6: RAN2 to discuss whether to support discontinuous coverage scenario in inactive state. 
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