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1 Introduction
According to the agreement of RAN2 #111-e meeting:
Agreements:

1. Cell selection / reselection in NR is the baseline in NTN idle mode procedure.

2. Satellite/HAPS ephemeris based cell selection and reselection should be defined for NTN (FFS what the term satellite/HAPS ephemeris actually means). FFS when this ephemeris based cell selection / reselection can be used. FFS whether UE location (and/or other information) based cell selection and reselection should be introduced for NTN

3. The satellite ephemeris should be provided to UE, at least for Satellite/HAPS ephemeris based cell selection and reselection (FFS what the term satellite/HAPS ephemeris actually means).

In this contribution, we discuss some considerations on satellite ephemeris in R17 NTN. 
2 Discussion
2.1 Ephemeris format
As mentioned in [1], ephemeris is used by astronomers to describe the location and orbital behaviour of stars and any other astronomic bodies. TR 38.321 provides two kinds of representation of ephemeris data. One candidate format is to use orbital parameters, e.g. semi-major axis, eccentricity, inclination, right ascension of the ascending node, argument of periapsis, mean anomaly at a reference point in time, and the epoch.
Table 7.3.6.1-1: Essential Elements of Ephemeris

	Orbital plane parameters
	[image: image1.png]



	Square root of semi major axis（semi-major axis）
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	Eccentricity（eccentricity）
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	Inclination angle at reference time（inclination）
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	Longitude of ascending node of orbit plane（right ascension of the ascending node）
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	Argument of perigee（argument of periapsis）

	Satellite level parameters
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	Mean anomaly at reference time（true anomaly and a reference point in time）
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	Ephemeris reference time（the epoch）
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Figure 7.3.6-1: Satellite Orbit and Keplerian Elements

Another option is to provide the location of the satellite in coordinates (x, y, z), e.g. ECEF coordinates. For anything else than GEO, additionally a velocity vector (vx, vy, vz) and again a reference point in time are needed. For GEO case, this format is useful since GEO satellite basically doesn’t move, so network doesn’t have to update this ephemeris data frequently.
But for LEO, as pointed out in TR 38.321, one shortcoming of ECEF format is that UE is prevented from extrapolating the satellite track for more than a very short time into the future. Since a LEO satellite moves very fast, the given position (x, y, z) may be outdated in a short period of time. And since the satellite moves in a circular orbit, providing a velocity vector (vx, vy, vz) does not help much.

Proposal 1: for LEO, adopt Keplerian format to represent the ephemeris.

Proposal 2: for GEO, adopt the ECEF format ephemeris to represent the ephemeris.

2.2 How to provide ephemeris to UE
There are two potential ways to provide ephemeris to UE:

1. Via SIB. In such SIB, the periodicity should be short enough for UE to get ephemeris in time. If the size of ephemeris is not large, we could consider to put it in SIB1. Also for current serving cell, it would be good to include it in SIB1 since it is useful for calculating full TA. For other neighbor cells, the ephemeris data can be included in other SIBs for cell reselection.
2. Pre-stored in UE side. In this way, UE could use ephemeris as soon as it switches on and no need to read related SIB. It can be used for initial cell selection, as UE can aim at possible satellite position without long time blind searching. In GEO case, it would be even more highly efficient since the GEO satellite is basically stationary. In LEO case, the orbital parameters can be pre-stored in UE or SIM card.
In total, in GEO case, satellite’s position can be pre-stored in UE/SIM card. And updating is not an urgent task since GEO satellite is basically stationary. So network can broadcast GEO satellite’s position in a long periodicity. And in LEO case, orbital parameters can be pre-stored in UE/SIM card for fast cell selection, and the latest ephemeris data should be broadcasted by network, e.g. for calculating full TA, in a relatively short periodicity.
Proposal 3: The GEO satellite’s position can be pre-stored in UE/SIM card, and updated by SIB with a relatively long periodicity.

Proposal 4: The LEO satellite’s orbital parameters can be pre-stored in UE/SIM card, and the whole ephemeris data can be updated by SIB with a relatively short periodicity.
3 Conclusion

In this contribution, we discuss satellite ephemeris and propose the following:

Proposal 1: for LEO, adopt Keplerian format to represent the ephemeris.

Proposal 2: for GEO, adopt the ECEF format ephemeris to represent the ephemeris.

Proposal 3: The GEO satellite’s position can be pre-stored in UE/SIM card, and updated by SIB with a relatively long periodicity.

Proposal 4: The LEO satellite’s orbital parameters can be pre-stored in UE/SIM card, and the whole ephemeris data can be updated by SIB with a relatively short periodicity.
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