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At the RAN#86 meeting, upon successful completion of the “Study Item on NR support non-terrestrial network” [1], the corresponding work item was approved [2]. The RAN2 WID objectives related to satellite ephemeris are recalled hereafter :

	RAN2 :

· 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.



Satellite ephemeris
This paper aims to describe and clarify the different types of satellite ephemeris data that may be needed for NTN. The possible formats,   the functions and validity periods associated to each type are discussed below.
[bookmark: _Ref46827340]Serving satellite ephemeris
Function
The serving satellite Position, Velocity and Time (PVT) are needed to assist UL timing and frequency synchronization [2]. 
In case of directional UE, it can also be used in order to adjust the pointing direction of the antenna and track the serving satellite position.
Format   
NTN SIB shall provide the serving satellite Position/Velocity (PV) values in ECEF coordinates under a standardized format. The absolute dating T of these PV values shall be implicit. It is assumed that the UE can derive the absolute dating T of the PV values implicitly by using the PV values themselves, its location and the time at which the sub-frame containing the SIB has been received at the UE.
It is assumed that the satellite orbit determination is performed through a proprietary solution (e.g. based on on-board GNSS measurements)  at the NTN Control Center (NCC) and shared with the gNB such that the gnB can broadcast the satellite PV(T) parameters under the right format.
The proposed format for each element is described in the table below.
Table 1 : Proposed format for serving satellite PV(T)
	Parameters
	Range
	Resolution
	Number of bits

	Satellite Position Px, Py, Pz (ECEF)
	±50000 km
	0.4 m 
	3*28 = 84

	Satellite Velocity Vx, Vy, Vz (ECEF)
	±8 km/s
	0.015 m/s
	3*20 = 60


 
The satellite position range is driven by GEO scenarios. The satellite velocity range is driven by the LEO scenarios.
The resolution has been chosen such that the quantization noise is negligible w.r.t. the orbit precision that can be shared by the NCC with the gNB. 
As consequence, the signaling overhead  related to NTN SI parameters is estimated to a total of 144 bits or approximately 18 bytes. Thus, the signaling load related to these new parameters seems reasonable.
Of course, the proposed format can be further optimized if needed.
The periodicity of broadcast for NTN SI parameters is mainly driven by the network (Initial Access latency. As a consequence, the satellite PV(T) shall be broadcasted quite often, typically every few seconds. 
However, it will not be necessary for a UE in connected mode to read the new satellite PV(T) values in the SI such often since it should be able to propagate on its own (e.g. with basic Keplerian propagator model) the satellite PV(T) over a longer period (typically over few tens of seconds to few minutes) with a sufficient level of accuracy to maintain UL synchronization.
Validity Period
Finally, this short validity period (from few tens of seconds to few minutes) results from the high accuracy requirement regarding the satellite position and velocity knowledge at UE side in order to assist UL timing and frequency synchronization.
NTN SIB includes the satellite PV(T) in ECEF coordinates
Broadcast NTN SI every few seconds.	
Neighboring satellite ephemeris
Function
In case of directional UE, neighboring satellite ephemeris shall be used in order to re-adjust the pointing direction of the UE antenna in the direction of  neighboring satellite before performing inter-satellite HO or inter-satellite cell reselection.
Format
Option 1 : The same format as for the serving satellite ephemeris can be considered. However, in this case the accuracy requirement regarding the satellite position and velocity knowledge at UE side is relaxed w.r.t. to the accuracy requirement associated to the serving satellite position and velocity. Indeed, the accuracy needed in order to point the UE antenna in the satellite direction such that one can close the link budget is less restraining than for assisting UL synchronization. As a consequence, the PV(T) format granularity for neighboring satellites can be revisited to minimize the signaling overhead.
Option 2 : Signaling only reference indexes associated to the stored constellation ephemeris data can also be considered to provide neighboring satellite ephemeris to the UEs.
The neighboring satellite ephemeris can be provided to UE via NTN SIB or dedicated RRC signaling.
Validity period
For option 1, assuming the same PV(T) format as for serving satellite ephemeris, the validity period can last at least from several minutes to several tens of  minutes depending on the satellite absolute knowledge accuracy at the NCC and the orbital propagator implementation at UE side.
RAN2 to decide by what means neighboring satellite ephemeris shall be indicated 
Option 1 : Indication based on the same PV(T) format as for serving satellite (with a different granularity if considered beneficial).
Option 2 : Indication based on reference indexes associated to the stored constellation ephemeris data 
RAN2 to specify new NTN SIB  and new dedicated RRC signaling to provide neighboring satellite ephemeris to UE.
Stored Constellation ephemeris data
Function
In case of directional UE, when the device has been switched off or out of coverage for a long period of time and wakes up, having stored constellation ephemeris data may be beneficial to trigger and speed up the cell detection procedure. Indeed, relying on blind satellite research among a predefined set of pointing directions without assisting information may be rather inefficient and power consuming depending on the deployment scenario. 
Moreover, as already discussed in the previous section, constellation ephemeris data can also be used as a common reference between the UE and the gNB to signal to the UE the neighboring satellites.
Format
As already proposed during the SI phase, a format based on orbital parameters shall be preferred to PVT formats in order to optimize the storage space. Indeed, the storage of orbital planes can be communalized between the satellites sharing the same orbital planes.
Pre-provisioning constellation ephemeris data in uSIM/UE can be considered.
The network shall be able to update the constellation ephemeris data stored in the UE when needed.
Validity period
The frequency of the updates is very dependent of the deployment scenario (UE type, satellite orbits).
By way of example, one can consider that assuming TLE based ephemeris for a LEO satellite at 600 km of altitude, the ephemeris data shall be updated typically once a day.
RAN2 to decide whether stored constellation ephemeris shall be supported as part of Rel. 17.
If yes, RAN2 to specify 
· An ephemeris storage format based on orbital parameters
· The constellation ephemeris pre-provisioning framework
· New signaling to update the constellation ephemeris data stored in the UE when needed
Conclusion
In this paper, the following proposals and observations have been made :
1. NTN SIB includes the satellite PV(T) in ECEF coordinates
Broadcast NTN SIB every few seconds.
RAN2 to decide by what means neighboring satellite ephemeris shall be indicated 
Option 1 : Indication based on the same PV(T) format as for serving satellite (with a different granularity if considered beneficial).
Option 2 : Indication based on reference indexes associated to the stored constellation ephemeris data 
RAN2 to specify new NTN SIB and new dedicated RRC signaling to provide neighboring satellite ephemeris to UE.
RAN2 to decide whether stored constellation ephemeris shall be supported as part of Rel. 17.
If yes, RAN2 to specify 
· An ephemeris storage format based on orbital parameters
· The constellation ephemeris pre-provisioning framework
· New signaling to update the constellation ephemeris data stored in the UE when needed	
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