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1. Introduction 
In RAN2#115e meeting, initial discussion on non continuous coverage was made, and the following agreements were achieved:
RAN2 confirms that the following will be supported: discontinuous coverage without excessive UE power consumption and without excessive failures / recovery actions. It is expected that this need to be taken into account at least for Idle mode. The requirement is applicable for all reference scenarios (GEO, MEO and LEO).
[bookmark: _Hlk85376637][bookmark: _Hlk85359530]Sattelite assistance information will be used by the UE for predicting coverage discontinuity. The details of the assistance information is FFS. FFS whether any applicable agreements made in NR-NTN can be reused.
The details of UEs actions when predicted to be out of coverage is FFS, e.g. stopping unnecessary cell search in the Idle mode, and FFS to what extent this need to be specified. 
It is FFS to what extent it need to be specified the details of UE’s prediction of discontinuous coverage and its ability to detect when it is back in coverage.

In RAN2#116, further agreements were achieved to support non continuous coverage 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. 

In RAN2#116bis-e, only ephemeris data was confirmed to be used:
The contents of the ephemeris / assistance info for non-continuous coverage:
Confirm that we Reuse the satellite ephemeris orbital parameters, already agreed for UL pre-compensation, for multiple satellites (Ref L1 params from R1). 
 
And companies are invited to submit paper to further discuss the following issue:
Discontinuous Coverage
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?

Since we still have several FFSs to resolve, e.g., FFS on the other assistance information besides ephemeris, FFS on the details of UEs actions when predicted to be out of coverage. In this contribution, we provide our views on these FFSs.
2. Discussion 
The non continuous coverage is a very useful feature that allows operators to use only one satellite to provide a global coverage for IoT devices, but with a relatively long time considering earth’s self-rotation takes 24 hours and a satellite’s orbital periodicity may be less than 2 hours. In this case it’s likely to be a LEO satellite with moving beams, and as it slides over the earth the IoT devices within the coverage can be served. If a satellite is only supposed to cover one nation or some fixed areas, it could also be a GSO satellite.
According to the following description in [1]:
	The following figure illustrates the geometrical coverage for a LEO satellite and for geostationary-satellites:


Figure A.3-2: Illustration of the geometrical coverage of a LEO satellite and of GEO satellites
The following table illustrates the number of satellites that are necessary for a constellation of satellites to provide continuous coverage for an elevation angle ranging from 5 to 10 degrees. Global coverage may not be fully achieved for MEO or GEO satellite, however in this case the vast majority of the world population is covered.


Figure A.3-4: Illustration of number satellites in a constellation for continuous Earth coverage



We can see that the geometrical coverage for a LEO satellite is approximately a circle with a several hundreds of kilometres radius. And to guarantee a continuous coverage with a 800km altitude LEO satellites, up to 80 satellites are needed.
[bookmark: _Hlk95320608]With the ephemeris information, UE can know where the satellite is at any time, then it can also calculate the position of sub-satellite point, i.e., the point on the Earth's surface directly below the satellite, or the point where a straight line drawn from a satellite to the center of the Earth intersects the Earth's surface. For example, location of the sub satellite point may be calculated from coordinates of the rotating system as shown in Figure 1 [2]. The angle Ls is calculated according to the following formula.
[image: ]
Figure 1 Sub-Satellite point
Observation 1: the position of sub-satellite point can be calculated by UE according to the ephemeris information.
When we assume the geometrical coverage for a LEO satellite is approximately a circle, the sub-satellite point is the circle centre. If the radius can also be provided to UE, it will be clear to UE whether it is in coverage or out of coverage. And UE can also predict coverage discontinuity based on ephemeris with orbital information and geometrical coverage radius of a satellite.
Observation 2: UE can predict coverage discontinuity based on ephemeris with orbital information and geometrical coverage radius of a satellite.
The geometrical coverage radius of a satellite can describe a clear serving area, and with the orbital information, UE can also predict the coverage discontinuity. Taking one GSO satellite as an example (BEIDOU IGSO 6), the trace of sub-satellite point (in yellow line with figure-8 form) and the severing area (red area) are illustrated in Figure. 2 as below [3]:


Figure 2 GSO satellite footprint
Since ephemeris data has been agreed to be used, which means the satellite’s position and velocity are clear to UE, and considering UE can also calculate the position of sub-satellite point based on epemeris data, the only additional and necessary parameter is the geometrical coverage radius of a satellite. As this is for idle mode, geometrical coverage radius should be provided in SIB along with ephemeris data.
Proposal 1: The geometrical coverage radius of satellites should be provided to UE in SIB along with ephemeris data to enable prediction of coverage discontinuity.

3. Conclusion
In this paper, we further discuss remaining issues on non continuous coverage, and we have the following observations:
Observation 1: the position of sub-satellite point can be calculated by UE according to the ephemeris information.
Observation 2: UE can predict coverage discontinuity based on ephemeris with orbital information and geometrical coverage radius of a satellite.
And we propose:
Proposal 1: The geometrical coverage radius of satellites should be provided to UE in SIB along with ephemeris data to enable prediction of coverage discontinuity.
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