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[bookmark: clause4][bookmark: _Toc2086441]1	Introduction
Several timing requirements depends on UE and satellite positioning error. We analyze the required positioning accuracy, for UE initial transmission error, in this contribution.
2 	UE initial transmission error
Our main point is that the it is the total NTN UE Te error that decides UL performance, no matter the source of inaccuracy. If a UE is subject to a positioning error ΔUE-pos (in time), the error in satellite position is ΔSat-pos (in time) and the UE SSB timing estimation accuracy is ΔUE_timing_estimate then we get, where Te_NTN is the initial timing error:
ΔUE-pos + ΔSat-pos  + ΔUE_timing_estimate  < Te_NTN
Te is needed in existing specification to safeguard against Inter Symbol interference and maintain a desired UL throughput and capacity. We analyze the different terms
2.1	Initial error Te
In existing specification Te is:
Table x: Te Timing Error Limit
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc

	2
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]



In our contribution [1] we argue that existing Te_NTN  = 2*Te  for NTN UE. This means that Te_NTN range from 0.780 µs to 0.196 µs.
2.2	Satellite position error ΔSat-pos
The term ΔSat-pos  has been analysed in [2]. Where we get:
Table 1: Simulations of accuracy of propagation based on PV ephemeris [2]
	Prediction time ahead for pre-compensation
	Delay error (us)
	percentage of the Te error budget  ± 0.39 us 

	10s
	0.012 us
	<3%

	30s
	0.037 us
	9%



Table 2: Simulations of accuracy of propagation based on orbital ephemeris [2]
	Prediction time ahead for pre-compensation
	Delay error (us)
	percentage of the Te error budget  ± 0.39 us

	10s
	0.012 us
	< 3 %

	30s
	0.040 us
	10 %



It is reasonable to assume that ΔSat-pos  < 0.012 µs.
2.3	ΔUE_timing_estimate 
We assume that ΔUE_timing_estimate correspond to the exiting Te.
2.4	ΔUE-pos 
Since ΔUE-pos + ΔSat-pos  + ΔUE_timing_estimate  < Te_NTN then we have 
ΔUE-pos  < Te_NTN - ΔSat-pos  -   ΔUE_timing_estimate  
Since we assume that ΔUE_timing_estimate = Te and ΔSat-pos < 0.012 µs we have:
ΔUE-pos  < Te - ΔSat-pos  = Te – 0.012 µs
In Table 3, the ΔUE-pos time is concerted into an lower bound for position error using ΔUE-pos * c.
Table 3: Simulations of accuracy of propagation based on orbital ephemeris [2]
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te
	ΔUE-pos  < Te – 0.012 µs
	ΔUE-pos (m) 

	1
	15
	15
	12*64*Tc
	0,379
	114

	
	
	30
	10*64*Tc
	0,313
	94

	
	
	60
	10*64*Tc
	0,313
	94

	
	30
	15
	8*64*Tc
	0,248
	75

	
	
	30
	8*64*Tc
	0,248
	75

	
	
	60
	7*64*Tc
	0,216
	65

	2
	120
	60
	3.5*64*Tc
	0,102
	31

	
	
	120
	3.5*64*Tc
	0,102
	31

	
	240
	60
	3*64*Tc
	0,086
	26

	
	
	120
	3*64*Tc
	0,086
	26

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]
	
	



Observation 1: A UE specific margin of Te on top of existing UE initial access requirement will work if ΔUE-pos corresponds to table 3, that is from 114 m for SCS = 15 kHz in UL to 26 to 31 m for SCS = 120 kHz in UL. 
3	Summary
Observation 1: A UE specific margin of Te on top of existing UE initial access requirement will work if ΔUE-pos corresponds to table 3, that is from 114 m for SCS = 15 kHz in UL to 26 to 31 m for SCS = 120 kHz in UL. 
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