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1. Introduction
The RAN2#116e meeting made the following agreements regarding ephemeris for IoT NTN:
1. The serving cell ephemeris information (used for L1 pre-compensation) is signalled in a new SIB, which is NTN specific.
2. Update to serving cell ephemeris information does not affect the system information value tag and does not trigger System information modification procedure. How to trigger re-read of this information is FFS. FFS if the UE shall reacquire the new SIB when SI update is triggered.
3. Updates to serving cell ephemeris information are not bound to the BCCH modification period.
4. The timing information on when a serving cell is going to stop serving the area is broadcast in the same SIB as the ephemeris information.
5. 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.
This contribution focuses on issues including ephemeris broadcasting for serving and neighboring cells considering signalling overhead and UE power consumption for reception.
2. [bookmark: Proposal_Beacon]Discussion
The RAN1#107 meeting has decided the provision and formats of serving satellite ephemeris:
	The serving satellite ephemeris and common TA related parameters are signalled in the same SIB message and have the same epoch time.
Confirm the working assumption made at RAN1#106-bis-e on serving satellite ephemeris bit allocations for LEO/MEO/GEO based non-terrestrial access network:
· Support serving satellite ephemeris format bit allocations for LEO/MEO/GEO based non-terrestrial access network: 
· Position and velocity state vector ephemeris format is 17 bytes payload. 
· The field size for position (m) is 78 bits 
· Position range is driven by GEO: +/- 42 200 km
· The quantization step is 1.3m for position
· The field size for velocity (m/s) is 54 bits 
· Velocity range is driven by LEO@600 km: +/- 8000 m/s
· The quantization step is 0.06 m/s for Velocity
· Orbital parameter ephemeris format 18 byte payload 
· Semi-major axis α (m) is 33 bits 
· Range: [6500, 43000]km
· Eccentricity e is 19 bits 
· Range: ≤ 0.015
· Argument of periapsis ω (rad) is 24 bits 
· Range: [0, 2π]
· Longitude of ascending node (Ω rad) is 21 bits 
· Range: [0, 2π]
· Inclination i (rad) is 20 bits 
· Range: [- π/2 , + π/2]
· Mean anomaly M (rad) at epoch time to is 24 bits 
· Range: [0, 2π]


The ephemeris data is used to indicate the trajectories and/or position coordinates of satellites/HAPs, so that the UE can perform TA pre-compensation. For the discontinuous coverage scenario in IoT NTN, the ephemeris data of neighboring satellite is also necessary for predicting coverage discontinuity. As RAN1 have made agreements on broadcasted ephemeris format, it is expected from RAN2 perspective to discuss how to include the ephemeris in SIB(s), and possibly indicating network type or scenario via ephemeris.
Ephemeris size and signalling overhead
As indicated in RAN1#107 agreements, the ephemeris data of a single satellite needs 17 bytes payload for the position and velocity state vector format, and 18 bytes payload for the orbital parameter format. To assist in prediction of coverage discontinuity, ephemeris provision of the neighboring NTN cells is also necessary, and the scale of the whole ephemeris data can be quite substantial for system information broadcasting and UE reception as well as power consumption.
Considering that a satellite/HAP constellation belonging to the same operator may typically share a common orbital plane or altitude, and may operate with organized and fixed intervals of distance, time or angle, there is no need to indicate the full ephemeris for each satellite/HAP in it. From this perspective the ephemeris for a satellite/HAP constellation can be compressed.
Observation 1: At least for a satellite/HAP constellation belong to the same operator, there is no need to indicate the full ephemeris for each satellite/HAP.
Proposal 1: RAN2 to consider minimizing the size of ephemeris for serving and neighboring NTN cells in a satellite/HAP constellation.
A simple and feasible way is to provide the full ephemeris of serving NTN cell as reference, and the ephemeris of its neighboring NTN cell in a relative manner. For instance, a serving HAP #1 can broadcast its full Set 1 ephemeris as absolute position (X1,Y1,Z1) and velocity (VX1,VY1,VZ1), while the ephemeris of its neighboring HAP #2 can be represented as relative position (ΔX2=X2-X1, ΔY1=Y2-Y1, ΔZ1=Z2-Z1) and velocity (ΔVX2=VX2-VX1, ΔVY2=VY2-VY1, ΔVZ2=VZ2-VZ1) to HAP #1, wherein the relative altitude or velocity can be zero and thus omitted. Similarly a serving satellite #1 can broadcast its full Set 2 ephemeris as absolute values (α1, e1, ω1, Ω1, i1, M1, to1), while the ephemeris of its neighboring satellite #2 can be represented as relative values (Δα2=α2-α1, Δe2=e2-e1, Δω2=ω2-ω1, ΔΩ2=Ω2-Ω1, Δi2=i2-i1, ΔM2=M2-M1, Δto2=to2-to1), wherein the relative orbit plane parameters (Δα2, Δe2, Δω2, ΔΩ2, Δi2) can be zero and thus omitted.
Observation 2: The ephemeris of neighboring cells can be represented in a relative manner comparing to the serving cell for Set 1 and/or Set 2, reducing the overhead of broadcasting.
Proposal 2: For a satellite/HAP constellation, ephemeris of neighboring cells can be indicated as relative values to that of the serving cell.
For a satellite/HAP constellation, it is likely that the ephemeris is not frequently updated, e.g. HAPs may operate at fixed locations or velocities, while satellites may operate at fixed orbit(s) or with fixed intervals. In this case it is unnecessary for a UE to repeat acquiring and decoding the ephemeris of the satellite/HAP constellation every time it accesses one in it. A UE can skip obtaining the same ephemeris of a satellite/HAP constellation if there is no update. This can be easily implemented by making the UE aware of the constellation (e.g. a value tag for a group of satellites/HAPs). And the value tag can also be changed upon ephemeris update to indicate UE for updating.
Proposal 3: The UE can skip obtaining or decoding the same ephemeris of a satellite/HAP constellation if there is no update.
3. Conclusion
In this contribution, ephemeris provision for serving and neighboring cells is analyzed considering signalling overhead. The following observation are given:
Observation 1: At least for a satellite/HAP constellation belong to the same operator, there is no need to indicate the full ephemeris for each satellite/HAP.
Observation 2: The ephemeris of neighboring cells can be represented in a relative manner comparing to the serving cell for Set 1 and/or Set 2, reducing the overhead of broadcasting.
And we propose:
Proposal 1: RAN2 to consider minimizing the size of ephemeris for serving and neighboring NTN cells in a satellite/HAP constellation.
Proposal 2: For a satellite/HAP constellation, ephemeris of neighboring cells can be indicated as relative values to that of the serving cell.
Proposal 3: The UE can skip obtaining or decoding the same ephemeris of a satellite/HAP constellation if there is no update.
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