[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG-RAN WG4 Meeting #98-e		                                           R4-2101882
Electronic Meeting, 25 January – 05 February 2021 


Source:	Thales
Title:	NTN PVT Accuracy Aspects
Type:	discussion
Document for:	Information
Agenda Item:	11.8.4
Release	Rel-17

Introduction
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As already described by R3-210152, the goal of this document is to recall some basic principles required for the PVT (Position Velocity and Time) computation and distribution to UEs, which together with GNSS represents an important mechanism for UL synchronisation in NTN, as seen in Figure 1.
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Figure 1 : Uplink synchronization in NTN

Strategy for PVT information

The actual Ephemeris are being computed using satellite orbit determination (OD) algorithm which estimates the most likely track or orbit which have been taken by a satellite based on past and noisy measurements of its position and velocity. In general, the satellite orbit determination algorithm to compute actual Ephemeris is based on the following steps:
· Step 1: Measurements of the satellite position and velocity are made and dated. Most of the time, these measurements are GNSS-based measurements performed on-board. 
· Step 2: The measurements are typically collected in the NTN Control function where the satellite OD will be performed. In general, the satellite GNSS measurements are delivered to the ground via dedicated telemetry channels between the satellite and the NTN GW network. The reporting period of new GNSS measurements is implementation specific but it is directly related to the accuracy target associated to the instantaneous knowledge of the satellite position and velocity in the system.
· Step 3: The satellite OD algorithm is performed by the NTN Control function. This operation can be more or less complex depending on the models considered, the quantity of measurements available and the algorithms used. 
· Step 4: The PVT information for the serving NTN station is broadcast to UEs. 
It can be further showed that typically 3 kind classes (cases) can be further considered for the precision of orbit determination:
	Case #
	Name
	Purpose
	Expected Performance
	Maximum Propagation Time

	Case 1
	“Best” Precision Orbit Determination
	satellite systems designed for navigation purposes delivering very accurate and abundant GNSS measurements
	3D Position RMS Error = 0.05 m

3D Velocity RMS Error = 0.05 mm/s

	Propagation to 5 orbital periods before overshooting PV accuracy target ~ 8 h 



	Case 2
	“Typical” Precision Orbit Determination
	telecommunication satellites

	3D Position RMS Error = 0.5 m

3D Velocity RMS Error = 0.5 mm/s

	Propagation to 0.5 period before overshooting PV accuracy target ~ 48 mn 



	Case 3
	“Low Quality” Precision Orbit Determination
	low cost systems
	3D Position RMS Error = 5 m

3D Velocity RMS Error =5 mm/s
	Propagation to 0.1 period before overshooting PV accuracy target ~ 10 mn 





Even for a satellite system with “low quality” orbit determination algorithm, challenging operations relying on accurate prediction of satellite trajectories such as Doppler compensation can be performed reliably. 
The limiting condition is that the system should be designed such that new orbit determination and satellite ephemeris update can be performed frequently enough. 

Proposal 1: It is assumed that the NTN infrastructure (NTN control function) can provide updates of the actual Ephemeris at the necessary frequency to prevent excessive ageing that would prevent successful uplink synchronisation.


Conclusions
Proposal 1: It is assumed that the NTN infrastructure (NTN control function) can provide updates of the actual Ephemeris at the necessary frequency to prevent excessive ageing that would prevent successful uplink synchronisation.
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