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1. Introduction

In pre117-e discussions, some open issues listed in R2-2202053 are discussed in “[Pre117-e][013][IoT-NTN] Discontinuous Coverage Open Issues Input (MediaTek)”. In this contribution, we mainly discuss the remaining issues that invite company contributions and some other aspects.

2. Discussion

For discontinuous coverage, the following issue needs to be discussed based on company contribution:
O1 3.5 [Company Tdocs Invited]: Decide on whether additional new parameters like satellite footprint reference point on ground, satellite coverage radius can be used?

Based on ephemeris parameters, UE can mainly determine the location and the movement of the satellite, but not the coverage. Referring to some previous discussion, we understand that in order that UE can predict the coverage boundary with a certain accuracy, UE can assume an approximately circular coverage as illustrated in Figure 1. 
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Figure 1
With reference to the above Figure 1, it’s clear that, besides the ephemeris parameters, UE also need the information of reference location and the footprint size of cell to evaluate the coverage. 

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

In “[Pre117-e][013][IoT-NTN] Discontinous Coverage Open Issues Input (MediaTek)” discussion, there is an open issue about UE Behavior in Discontinuous Coverage. It seems that a bit more companies prefer Option-2, to specify UE behaviour (maintaining AS states, running related timers and informing NAS) during discontinuous coverage. But companies still have diverse view on specify which part of UE behavior, UE behavior in idle mode or UE behavior in connected mode? In below, we will give some our considerations.

UE behaviors in idle mode:

For reference, we want to indicate that, in below S2-2109198, SA2 plans to introduce minimum essential functionality to support NB-IoT and eMTC over Non-Terrestrial Networks in EPS. And the objective of supporting 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. 


For UE in idle mode, in AS layer, UE can predict the start of discontinuous coverage according to the information in SIB. How to predict can be left to UE implementation. But we think UE needs to stop most of the AS layer processes of idle mode (may behave like in PSM state). Then this part needs specification work. For example, what’s the condition of stopping AS processes (upon UE determines the cell will stop serving?), what AS processes need to be stopped, e.g., to stop performing measurements and cell reselection, to stop monitoring paging and other? How to handle the times, to stop or keep running?

Proposal 2: When idle mode UE determines that serving cell is going to stop serving the area, most of the AS layer processes of idle mode UE can be stopped.
Furthermore, 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 processes, 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”, therefore, for UE in idle mode, AS layer can deliver such timing information received from SIB to NAS layer and assist UE to predict coverage discontinuity.
Proposal 3: AS layer can indicate the start-time of incoming satellite’s coverage and end-time of serving satellite’s coverage to NAS layer.
UE behaviors in connected mode:

For UE in connected mode, if it can predict that serving cell is going to stop serving the area, it can trigger RLF. But the different thing is, UE needs to suspend the following RRC reestablishment procedure till the coverage is resume. We assume this process would need specification work. But as RAN2 has agreement that RLF and RRC reestablishment procedure would not be further enhanced, we think the enhancements on RLF and the subsequence RRC reestablishment would not be pursued. 
Moreover, we think connected mode UE may not be able to exactly determine the discontinuous coverage as UE cannot read SIB. Meanwhile, the network can exactly know that the serving cell will stop the service. Then the network can also passively release the RRC connection. In order that UE can differentiate whether this release is a normal release or a special one due to that coverage discontinuity is upcoming, we suggest to introduce a new release reason, e.g., “out of coverage”, to UE in RRC release message. Based on this release reason, after UE back to idle, UE can follow the process mentioned in above “UE behaviors in idle mode” section, e.g., stop the subsequent AS or NAS layer processes for power saving.
Proposal 4: 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 5: 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. Conclusions

In this contribution, we make the following observations and proposal:

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

Proposal 2: When idle mode UE determines that serving cell is going to stop serving the area, most of the AS layer processes of idle mode UE can be stopped.
Proposal 3: AS layer can indicate the start-time of incoming satellite’s coverage and end-time of serving satellite’s coverage to NAS layer.
Proposal 4: 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 5: 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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