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1. Introduction
During the study item phase of NTN, ephemeris data is considered as important information for mobility management and other enhancements, and in the WID [1] it is stated that:
	RAN2
…
The following control plane procedures enhancements should be specified (see TR 38.821)
· Idle mode: 
· Definition of additional assistance information for cell selection/reselection (e.g. using UE location information, satellite Ephemeris information)
· Definition of NTN (satellite/HAPS) cell specific information in SIB
· Connected mode
· Enhancement necessary to take into account location information (UE & Satellite/HAPS) and/or ephemeris in determining when to perform hand-over, in order to have a high degree of hand-over control for hand-over robustness and coverage management.
 …


And for ephemeris data provision, the orbital plane parameters can be provisioned in uSIM/UE, and two initial solutions for satellite level parameters are provided in TR38.821 [2]:
· Pre-provision satellite level parameters for all the satellites that may serve the UE in uSIM/UE and the ephemeris data for each satellite can be linked to a satellite ID or index to be broadcasted.
· Broadcast satellite level parameters of the serving satellite in system information.
In this contribution, we discuss details in ephemeris data provision and propose further enhancements.
2. [bookmark: Proposal_Beacon]Discussion
A typical form of ephemeris as recommended in [2] includes 5 orbital plane parameters and 2 satellite level parameters (Table 1), which needs to be represented by at least seven double-precision floating point numbers plus some overhead, while representation of the 3D coordinates and velocity vector as another typical form requires more room and varies timely. Therefore in this contribution the “5 orbital plane parameters + 2 satellite level parameters” form of ephemeris is considered as the main case. This form of ephemeris requires 56Byte (7*8Byte) for a single satellite, making the scale of the ephemeris data quite substantial for networks with many satellites, and the overhead for broadcasting or storage as well as the UE power consumption for reception and decoding will be unacceptable. Considering that satellites belonging to the same operator typically share a common orbital plane (orbital plane parameters as well), so at least 5 parameters of 7 can be provided together for such a group of satellites. 
Observation 1: Provision of the common part of ephemeris data (e.g. orbit plane parameters) for a group of satellites (e.g. satellites sharing the same orbit) can help in reducing overhead and power consumption.
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）



As suggested in [2], the 5 orbital plane parameters can be considered as baseline ephemeris data and provisioned in the uSIM of the UE or directly in UE itself. Additionally, two solutions for satellite level parameters are listed:
· Option A): Pre-provision satellite level parameters for all the satellites that may serve the UE in uSIM/UE as the orbital plane parameters. The ephemeris data for each satellite is linked to a satellite ID or index that can be broadcasted in system information. The satellite ID or index of neighbour satellites can also be provided to UE via system information or dedicated RRC signalling to assist mobility handling.
· Option B): Broadcast satellite level parameters in system information. The ephemeris data of the neighbouring satellites can also be provided to UE via system information or dedicated RRC signalling.
Both options support ephemeris provision for neighbouring satellites, which is helpful in connected/idle mobility management and TA pre-compensation. The satellite level parameters of the serving satellite and its neighbouring satellites, or these of a group of satellites sharing the same orbit, can be provisioned by the serving satellite as well.
Observation 2: Provision of the non-common part of ephemeris data (e.g. satellite level parameters) for a group of satellites can help in mobility management and TA pre-compensation.
Proposal 1: Ephemeris data provision for a group of satellites on the same orbit should be supported for the orbit plane parameters and/or the satellite level parameters.
For Option A), the ephemeris data may easily exceed the storage capacity of a uSIM (typically 128 kByte shared for multi-purpose storage), and the size of satellite IDs or indexes will increase as well with the increasing number of satellites, especially when the neighbour satellites are also provisioned. And updating of ephemeris requires to rewrite the uSIM storage. For Option B) the storage capacity of a uSIM for satellite level parameters can be spared, while there is still considerable broadcasting overhead (at least 16Byte for each satellite) as well as UE power consumption for provisioning or updating. This option is more flexible for ephemeris data provision and some further enhancements can be considered.
Except for the shared orbit, another feature of these satellites is that they typically operate with organized and fixed intervals of time or angle. So it is sufficient to provision the ephemeris data of one satellite and the relativity in ephemeris data of others instead of provisioning 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. , ).
Observation 3: The non-common part of the ephemeris data (e.g. the satellite level parameters) for a group of satellites sharing the same orbit can be further compressed considering their relevance.
Proposal 2: Ephemeris data provision for a group of satellites on the same orbit may include the ephemeris data of each satellite in the group, or the ephemeris data of one satellite and the relativity of ephemeris data of other satellites in the group.
Furthermore, considering the stability of ephemeris data, it is unnecessary for a UE to receive and decode the ephemeris data of a group of satellites every time it accesses one of them, unless the ephemeris data is not updated. If a UE has obtained the ephemeris data of a group of satellites from one of them, it can skip obtaining the same data from another of them. This can be easily implemented by making the UE aware of the group (e.g. a value tag for these satellites sharing the same orbit). And the value tag can also be changed upon ephemeris update to indicate UE for updating.
Observation 4: It is unnecessary for a UE to obtain the ephemeris data of a group of satellites twice if not updated.
Proposal 3: The UE can skip obtaining the same ephemeris data of a group of satellites if it is available and valid at the UE.
3. Conclusion
In this contribution, ephemeris data provision for a group of satellites and possible enhancements are discussed. The following observation are given:
Observation 1: Provision of the common part of ephemeris data (e.g. orbit plane parameters) for a group of satellites (e.g. sharing the same orbit) can help in reducing overhead and power consumption.
Observation 2: Provision of the non-common part of ephemeris data (e.g. satellite level parameters) for a group of satellites can help in mobility management and TA pre-compensation.
Observation 3: The non-common part of the ephemeris data (e.g. the satellite level parameters) for a group of satellites sharing the same orbit can be further compressed considering their relevance.
Observation 4: It is unnecessary for a UE to obtain the ephemeris data of a group of satellites twice if not updated.
And we propose:
Proposal 1: Ephemeris data provision for a group of satellites on the same orbit should be supported for the orbit plane parameters and/or the satellite level parameters.
Proposal 2: Ephemeris data provision for a group of satellites on the same orbit may include the ephemeris data of each satellite in the group, or the ephemeris data of one satellite and the relativity of ephemeris data of other satellites in the group.
Proposal 3: The UE can skip obtaining the same ephemeris data of a group of satellites if it is available and valid at the UE.
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