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1. Introduction
The previous RAN2 meeting made the following agreements regarding ephemeris for NTN:
1. 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
2. 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 further discuss ephemeris provision considering satellite/HAP constellation (i.e. a group of satellites or HAPs).
2. [bookmark: Proposal_Beacon]Discussion
The ephemeris data is used to indicate the trajectories and/or position coordinates of satellites or HAPs, so that the UE can perform TA pre-compensation, location/time-based handover and cell reselection. In the previous discussions for NTN, two typical formats of ephemeris were considered:
· Option A) Orbital parameters including orbital plane and satellite level parameters;
· Option B) ECEF coordinates to represent the position (x, y, z), time, velocity, etc.
The discussion for ephemeris format(s) is in the email discussion [Post112-e][153][NTN] and both options have pros and cons. The following discussion give further view from the constellation perspective regardless of which format(s) is finally accepted.
A typical form of Option A) as recommended in TR38.821 includes 5 orbital plane parameters and 2 satellite level parameters (Table 1), which needs to be represented by at least 7 double-precision floating point numbers plus some overhead (7*8=56Byte for a single satellite). With increased accuracy and applicability to HAPs, Option B) requires larger data size and more frequent update.
Table 1: Essential Elements of Ephemeris
	Orbital plane parameters
	
	Square root of semi major axis（semi-major axis）

	
	
	Eccentricity（eccentricity）

	
	
	Inclination angle at reference time（inclination）

	
	
	Longitude of ascending node of orbit plane（right ascension of the ascending node）

	
	
	Argument of perigee（argument of periapsis）

	Satellite level parameters
	
	Mean anomaly at reference time（true anomaly and a reference point in time）

	
	
	Ephemeris reference time（the epoch）


Currently from RAN2 perspective, ephemeris is mainly used for:
· Timing relation: including TA estimation and pre-compensation for random access, and offsetting or extension for UP timers and windows;
· Mobility management: including cell selection/reselection in IDLE/INACTIVE and measurements/handover in CONNECTED.
For timing relation at least the ephemeris of the serving satellite/HAP is needed for the UE to estimate the TA, while for mobility management the ephemeris of neighbouring satellite/HAP is more important. E.g. a UE in IDLE/INACTIVE needs to know when and/or where the next cell will be available for location/time-based (which may be more accurate than RSRP/RSRQ-based) neighbouring cell measurement or cell reselection, and a UE in CONNECTED also needs such information for location/time-based (which may be more accurate than RSRP-based) measurement report triggering or conditional handover execution. In this case the ephemeris provision for satellite/HAP constellation (i.e. a group of satellites or HAPs) has to be considered.
[bookmark: _Hlk61423409]Considering that both options require 56Byte or larger data size for one satellite/HAP, it is obvious that the scale of ephemeris for satellite/HAP constellation will lead to more overhead for broadcasting or signalling, as well as more UE power consumption for reception and decoding. Considering that satellites/HAPs belonging to the same operator typically share a common orbital plane or altitude, these ephemeris elements as the common part can be provided together for a satellite/HAP constellation.
Observation 1: At least for mobility management, the common part of ephemeris (e.g. orbit plane parameters for satellites or altitude for HAPs) can be provisioned together for a satellite/HAP constellation to reduce overhead and power consumption.
Proposal 1: For a satellite/HAP constellation, ephemeris provisioning of the common part should be supported.
Except for the shared orbit or altitude, another character of NTN is that satellites/HAPs typically operate with organized and fixed intervals of distance, time or angle. So it is sufficient to provision the ephemeris data of one satellite/HAP and the relativity of others instead of provisioning full ephemeris for all. For instance, a serving satellite can broadcast its own ephemeris data (e.g. , ), and the difference values of ephemeris data of its neighbour satellite(s) (e.g. , ) which is of smaller size than the ephemeris data of its neighbour satellite(s) (e.g. , ). These ephemeris elements as the non-common part can be provided with compressed size for a satellite/HAP constellation.
Observation 2: The non-common part of the ephemeris data (e.g. the satellite level parameters for satellites or horizontal plane coordinates for HAPs) for a satellite/HAP constellation can be further compressed considering their relevance.
Proposal 2: For a satellite/HAP constellation, ephemeris provisioning of the non-common part in a relative manner (i.e. the relativity of ephemeris between satellites/HAPs) should be supported.
Furthermore, it is unnecessary for a UE to receive and decode the ephemeris of a satellite/HAP constellation every time it accesses one satellite/HAP within it, unless the ephemeris is updated. It means that a UE can skip obtaining the same ephemeris of a satellite/HAP constellation if already available. This can be easily implemented by making the UE aware of the constellation (e.g. a value tag). And the value tag can also be changed upon ephemeris update to indicate UE for updating.
Observation 3: It is unnecessary for a UE to obtain the same ephemeris of a satellite/HAP constellation if not updated.
Proposal 3: The UE can skip obtaining or decoding the same ephemeris of a satellite/HAP constellation.
3. Conclusion
In this contribution, ephemeris provisioning for satellite/HAP constellation and possible enhancements are discussed. The following observation are given:
Observation 1: At least for mobility management, the common part of ephemeris (e.g. orbit plane parameters for satellites or altitude for HAPs) can be provisioned together for a satellite/HAP constellation to reduce overhead and power consumption.
Observation 2: The non-common part of the ephemeris data (e.g. the satellite level parameters for satellites or horizontal plane coordinates for HAPs) for a satellite/HAP constellation can be further compressed considering their relevance.
Observation 3: It is unnecessary for a UE to obtain the same ephemeris of a satellite/HAP constellation if not updated.
And we propose:
Proposal 1: For a satellite/HAP constellation, ephemeris provisioning of the common part should be supported.
Proposal 2: For a satellite/HAP constellation, ephemeris provisioning of the non-common part in a relative manner (i.e. the relativity of ephemeris between satellites/HAPs) should be supported.
Proposal 3: The UE can skip obtaining or decoding the same ephemeris of a satellite/HAP constellation.
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