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1. Introduction 
In this document, we provide details for the support of the discontinuous coverage that are not covered in [Pre117-e][013][IoT-NTN] such as beam information and support indication for discontinuous coverage.
2. Discussion 

Satellite beam information

Following is the FFS from the last meeting.

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?
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Figure 1 Beam coverage in moving cell scenario
For moving cell scenario, as shown in Figure 1, the only ephemeris may not be sufficient for the UE to determine it will be in the coverage of the satellite at a given time if the beam center is not perpendicular to the satellite position. In this case, the prediction of discontinuous coverage would not be correct.
Therefore, the network should let the UE know about the beam information of the satellites. It is possible that satellites in the constellation may be using same antenna angle and beam size, in which case, the network does not need to provide this information for every neighbor satellite as they share same beam information. 

If such beam information is not provided, the default assumption can be that the beam center lies directly below the satellite position on the earth surface. Once the UE determines the beam center (or cell center in case of multiple beams), the beam size would also be beneficial. If the cell size information is not known, the UE may need to keep searching the cell around the beam center which can lead to more power consumption.
Proposal 1 For moving cell case, beam information of satellite, i.e., cell center at epoch time t and cell size is provided to UE. Default beam information can be defined in the absence of the beam information.
Support indication for discontinuous coverage

UE can predict the start and end of the coverage gap based on provided satellite and beam information. However, depending on the number of satellites the UE is able to access (e.g., constellation size), the coverage gap is likely to vary. The coverage gap length can be several paging DRX cycles to several hours. The UE may stop cell search and paging monitoring during this gap. NAS layer can be made aware of the coverage gap (e.g., indicate to NAS when coverage gap-starts and when coverage-gap ends) so that NAS layer can postpone tasks (e.g., triggering PLMN search, TAU request etc.) during coverage gap.

The main point is that the UE should be able to know whether RAN supports discontinuous coverage or not in the cell and whether the UE should deactivate the AS layer function (i.e., just go to sleep state) and should not try to camp in an acceptable cell (i.e., in limited-service state) or be in “any cell selection state”. This would be important to make the system design future proof. For example, if the discontinuous coverage is not supported by a RAN or in a RAT type, then the UE may be able to prioritize the cell search to other lower priority PLMN (or other satellites supported by different PLMN) or lower priority frequency or other RATs when there is coverage gap (i.e., AS is in limited/no service/limited-service state). Therefore, a simple solution is to add an indication in SIB whether discontinuous coverage is supported in the cell.
If the SIB indicates the network supports the discontinuous coverage, then the UE can deactivate the AS layer function (e.g., monitoring, and periodic searching of cells) when the UE is in predicted discontinuous coverage. The discontinuous coverage starts when the UE loses coverage from the current satellite and is able to estimate the time for the next satellite.

In TS 36.304, following is specified.

When NAS indicates that PSM starts, the AS configuration (e.g. priorities provided by dedicated signalling and logged measurements) is kept, all running timers continue to run but the UE need not perform any idle mode tasks. If a timer expires while the UE is in PSM it is up to UE implementation whether it performs the corresponding action immediately or the latest when PSM ends. When NAS indicates that PSM ends, the UE shall perform all idle mode tasks.

Proposal 2 Whether the RAN supports discontinuous coverage is indicated per PLMN via SIB1.

3. Conclusion

Following proposals are made:
Proposal 1
For moving cell case, beam information of satellite, i.e., cell center at epoch time t and cell size is provided to UE. Default beam information can be defined in the absence of the beam information.
Proposal 2
Whether the RAN supports discontinuous coverage is indicated per PLMN via SIB1.
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