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1. Introduction

In RAN2#116 e-meeting [1], the agreements related to discontinuous coverage are as below:

	· Satellite Ephemeris Parameters (not same as for L1 pre-compensation, for the constellation, not just single satellite) is needed for the UE for predicting coverage discontinuity. Other info, e.g. beam info, elevation angle, reference location or corresponding is FFS. 

· Providing the start-time of (incoming) satellite’s coverage and end-time of serving satellite’s coverage is needed for Quasi-Earth Fixed satellites.

· From RAN2 point of view, the existing power saving mechanisms e.g. DRX, PSM, eDRX, relaxed monitoring, and WUS can be reused in IoT-NTN. Minor enhancements in existing power saving mechanisms to support discontinuous coverage is FFS.


In this contribution, we discuss the remaining issues caused by discontinuous coverage for NB-IoT/eMTC support for NTN and give our proposals.

2. Discussion 
2.1 Coverage Prediction

There was a remaining issue about the way for UE to predict coverage discontinuity. Based on ephemeris parameters, UE can determine the location and the movement of the satellite, but not the coverage. Referring to some previous discussion, we understand that in order for UE to predict the coverage boundary with a certain accuracy, UE can assume an approximately circular coverage based on the ephemeris parameters, as well as the reference location and the footprint size. Hence the reference location and the footprint size of cell need to be provided together with the ephemeris information. 

Proposal 1: The reference location and the footprint size of the cell also need to be broadcast to UE for predicting coverage discontinuity.

Moreover, as mentioned in S2-2109198[2], SA2 plans to introduce minimum essential functionality to support NB-IoT and eMTC over Non-Terrestrial Networks in EPS. And the work plans of discontinuous coverage in SA2 is as following:

	-
Support for discontinuous coverage including

-
Configuration based adaptation of MME behaviour to handle discontinuous coverage by the MME being configured to use existing functionality incl. handling of mobile reachable timer and implicit detach timer to avoid UE detach in lack of coverage, handling of downlink data buffering when the UE is not reachable.

-
Use of RAN provided awareness of discontinuous coverage in the UE to disable Access Stratum procedures and avoid triggering NAS transactions e.g. TAU request during lack of coverage. 


Per our understanding for above description, NAS layer may expect prediction on coverage discontinuity from AS in order that NAS can avoid triggering some NAS transactions e.g. TAU request during lack of coverage. RAN2 has agreed that “Providing the start-time of (incoming) satellite’s coverage and end-time of serving satellite’s coverage is needed for Quasi-Earth Fixed satellites”, such timing information could assist UE to predict coverage discontinuity. Therefore, for UE, AS layer can deliver such timing information that RRC obtains from SIB to NAS.
Proposal 2: AS indicates the start-time of incoming satellite’s coverage and end-time of serving satellite’s coverage to NAS.

2.2 RRC procedure

In connected mode, if the serving cell is going to stop serving, UE can be released passively by RRC release procedure triggered by eNB. This is already allowed with eNB implementation. For UE, once RRC release message is received, RRC could release all DRB and indicate the release of the RRC connection to upper layers together with the release cause 'other'. 
All the above description is legacy procedure. UE cannot know whether this release is a normal release or a special one due to that coverage discontinuity is upcoming. On one hand, when UE back to idle, AS layer in UE would still perform the normal processes, e.g, paging monitoring or measurement. On the other hand, NAS may trigger another connection setup procedure if it receives the data from application layer. In the case of discontinuous coverage, it’s obvious the mentioned AS or NAS layer processes are useless as AS layer cannot initiate any RRC procedure due to lack of coverage. 
Therefore, in order to avoid UE to attempt any legacy AS or NAS layer processes before upcoming coverage discontinuity, it’s better to let eNB indicate a special release reason, e.g., “coverage discontinuity” to UE in RRC release message. Based on the release reason “coverage discontinuity”, UE could stop the subsequent AS or NAS layer processes for power saving.
Proposal 3: A new release reason, e.g., “coverage discontinuity” can be introduced in RRC release message for indicating UE to stop the subsequent AS or NAS layer processes as UE can deduce the coverage discontinuity upcoming based on the reason.
For stopping NAS layer process, another legacy way can also be used, e.g., eNB could implicitly indicate to UE the duration of coverage discontinuity via the legacy IE extendedWaitTime. However, the current value of the wait time may be not enough to match the duration of coverage discontinuity, for example, extendedWaitTime-r10 can be INTEGER (1..1800). RAN2 could discuss to extend the value of wait time.

Proposal 4: The legacy IE extendedWaitTime can be reused to stop NAS layer process during coverage discontinuity. The extension to the value range of extendedWaitTime needs to be discussed. 
3. Conclusion

Based on the discussion we make the following observations and proposals:

Proposal 1: The reference location and the footprint size of the cell also need to be broadcast to UE for predicting coverage discontinuity.

Proposal 2: AS indicates the start-time of incoming satellite’s coverage and end-time of serving satellite’s coverage to NAS.

Proposal 3: A new release reason, e.g., “coverage discontinuity” can be introduced in RRC release message for indicating UE to stop the subsequent AS or NAS layer processes as UE can deduce the coverage discontinuity upcoming based on the reason.
Proposal 4: The legacy IE extendedWaitTime can be reused to stop NAS layer process during coverage discontinuity. The extension to the value range of extendedWaitTime needs to be discussed. 
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