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1. Introduction 
In this document, we provide details for providing the epoch time and beam information for better prediction of the discontinuous coverage that was left as an issue from the last meeting.
2. Discussion 

Satellite beam information
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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.
As beam information may not be accurate, the UE would still need to perform frequency measurement to find the coverage specially when in cell edge. Ellipsoid beam coverage information, though with larger signal overhead, can also be considered. For example, the cell broadcasts following
Beam center coordinates C1 = (x0, y0, z0) at epoch time t1
Semi-major axis = a
Semi minor axis = b
Orientation major axis = phi
Then the UE can determine the beam center coordinates C2 at time t2 and its position U2 at t2. Then UE can calculate the foci f1 and f2. Using ellipse property, if (U2 to f1 distance + U2 to f2 distance) <= 2a, then the UE can determine it is NOT in discontinuous coverage at time t2.
An example how beam information can be provided in SIB is shown below.

–
SystemInformationBlockType32
The IE SystemInformationBlockType32 contains satellite assistance information for prediction of discontinuous coverage.

SystemInformationBlockType32 information element

-- ASN1START

SystemInformationBlockType32-r17 ::= SEQUENCE {


satelliteInfoList-r17



SatelliteInfoList-r17
OPTIONAL,
-- Need OR

commonBeamInfo-r17




BeamInfo-r17
OPTIONAL,
-- Need OP

lateNonCriticalExtension


OCTET STRING




OPTIONAL,


...

}

SatelliteInfoList-r17 ::= SEQUENCE (SIZE (1..maxSat-r17)) OF SatelliteInfo-r17
SatelliteInfo-r17 ::= SEQUENCE {


ephemerisOrbitalParameters-r17

EphemerisOrbitalParameters-r17,



t-ServiceStart-r17





TimeUTC-r17



OPTIONAL,
-- Need OR

satelliteBeamInfo-r17



BeamInfo-r17
OPTIONAL,
-- Need OP

...

}

BeamInfo-r17 ::= SEQUENCE {


beamCenter-r17

valueFFS,



semiMajorAxis-r17

valueFFS,


semiMinorAxis-r17

valueFFS,


orientation-r17

valueFFS,


}

-- ASN1STOP

Editor's Note: Agreement: For Prediction of discontinuous coverage, Information about satellite id, ephemeris type (FFS if two, three of four types) and epoch time will be provided with the ephemeris information. FFS if epoch time can be optional and be implicitly derived.

	SystemInformationBlockType32 field descriptions

	commonBeamInfo

indicates satellite beam parameters common for all the listed satellites. If this field is absent, beam center is at nadir.

	satelliteBeamInfo

indicates satellite beam parameters specific to this satellite. If this filed is absent, commonBeamInfo-r17 applies. If this field and commonBeamInfo-r17 are absent, beam center is at nadir.

	ephemerisOrbitalParameters

Mean values of the satellite orbital parameters.

	t-ServiceStart
Time information on when the incoming satellite is going is to start serving the area for Quasi-Earth Fixed satellites.


Proposal 1 For moving cell case, beam information of satellite, i.e., cell center at epoch time t is provided in SIB32. Default beam information can be defined in the absence of the beam information.
Proposal 2 Consider providing Semi-major axis, Semi-minor axis, and orientation for more accurate beam coverage information.
3. Conclusion

Following proposals are made:
Proposal 1
For moving cell case, beam information of satellite, i.e., cell center at epoch time t is provided in SIB32. Default beam information can be defined in the absence of the beam information.
Proposal 2
Consider providing Semi-major axis, Semi-minor axis, and orientation for more accurate beam coverage information.
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