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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 positioning uncertainty
Another way to analyse the question is to try and assess maximum allowed fraction of uncertainties of CP from UE to gNB. In [1], the existing uncertainties for a terrestrial UE transmitting to a gNB is summarised as table 2 below:
Table 1: Relation between CP length and existing timing errors at the BS reception
	SSB SCS (kHz)
	UL SCS (kHz)
	UE timing error (Te) [Tc]
	 TA command resolution error (section 4.2, TS 38.213) [Tc]
	TA adjustment accuracy (section 7.3.2, TS 38.133) [Tc]
	BS error (TBSE) [Tc]
	BS error (TBSE) as percentage of UL CP length (%)

	15
	15
	768
	512
	256
	1536
	17

	
	30
	640
	256
	256
	1152
	25

	
	60
	640
	128
	128
	896
	39

	30
	15
	512
	512
	256
	1280
	14

	
	30
	512
	256
	256
	1024
	22

	
	60
	448
	128
	128
	704
	31
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In Table 2 below we add the legacy errors in column (D). We can now add the NTN specific error components to the total budget:
E. BS feeder link delay prediction error = ± 1 Ts = 0,032 µs [2]
F. UE specific TA est. Error = 0,012 µs from [3]
G. Delay error caused by UE GNSS (Δp= 50 m ) = 0,167 µs from 
H. Serving-satellite position estimation error (Δp,sat= 3,87 m/ 5 minutes ) = 0,013 µs from [4]
I. NTN Channel delay spread = 0,245 µs. In the release 15 study report [5], section 6.7.2 the Delay Spread (DS) worst case LOS scenario for 20 degrees or higher elevation has a  Delay spread (DS) lgDS = log10(DS/1s) with lgDS = -7.28 and lgDS = 0.67. This means that lgDS +lgDS = -7.28 + 0.67 = -6.61 and DS < 0.245 µs with 68 % probability, if we assume Gaussian statistics [5, Table 6.7.2-1a].


	SSB SCS
	UL SCS
	Legacy UE Te error
	BS feeder link delay prediction error 
(±1 Ts)
	UE specific TA est. error
	Delay error caused by UE GNSS
	Serving-satellite position estimation error
	NTN Channel delay spread
	Timing Error @ gNB
	 Delay spread margin
(µs)

	
	
	
	
	
	 (Δp= 50 m )
	(Δp,sat= 3,87 m/ 5 minutes )
	
	
	

	
	
	(D)
	(E)
	(F)
	(G)
	(H)
	(I)
	J = D + 2*(E+F+G+H)
	CP - 2* (J)

	[kHz]
	[kHz]
	[us]
	[us]
	[us]
	[us]
	[us]
	[us]
	[us]
	CP%
	[us]

	15
	15
	0,78
	0,032
	0,012
	0,167
	0,013
	0,245
	1,23
	26%
	2,2

	
	30
	0,59
	0,032
	0,012
	0,167
	0,013
	0,245
	1,04
	44%
	0,3

	
	60
	0,46
	0,032
	0,012
	0,167
	0,013
	0,245
	0,91
	77%
	-0,6

	30
	15
	0,65
	0,032
	0,012
	0,167
	0,013
	0,245
	1,10
	23%
	2,5

	
	30
	0,52
	0,032
	0,012
	0,167
	0,013
	0,245
	0,97
	41%
	0,4

	
	60
	0,36
	0,032
	0,012
	0,167
	0,013
	0,245
	0,81
	69%
	-0,4


Table 2: BS error (TBSE) + margin 

It is important to point out that the legacy errors in (D) are local to the UE, i.e., they are not used to calculate the total delay between the UE and the gNB. However, the uncertainties in columns (E), (F), (G) and (H) are all affecting the calculation of the total delay between UE and gNB and all uncertainties are therefore doubled (x2) since the UE has to offset its transmission by 2*(total delay). Moreover, the timing error at gNB listed in column (J) is two sided, insofar that one UE can transmit to early compared to nominal timing and another UE too late. The delay spread margin at gNB is therefore CP – 2*(J). This is a pessimistic assumption, but standard in telecom dimensioning.

[bookmark: _Hlk85810077]If we use an NTN LOS channel delay spread of 0,245 µs then UL SCS = 60 kHz is not possible. The biggest contributing factor is the UE 2-D position error of 50 m. However not even a UE 2-D position error of 0 m (perfect UE position) will suffice. This is shown in table 3.

Table 3: BS error (TBSE) + margin, Δp = 0 m for UL SCS = 60 kHz
	SSB SCS
	UL SCS
	Legacy UE Te error
	BS feeder link delay prediction error 
(±1 Ts)
	UE specific TA est. error
	Delay error caused by UE GNSS
	Serving-satellite position estimation error
	NTN Channel delay spread
	Timing Error @ gNB
	 Delay spread margin
(µs)

	
	
	
	
	
	 (Δp= 50 m )
	(Δp,sat= 3,87 m/ 5 minutes )
	
	
	

	
	
	(D)
	(E)
	(F)
	(G)
	(H)
	(I)
	J = D + 2*(E+F+G+H)
	CP - 2* (J)

	[kHz]
	[kHz]
	[us]
	[us]
	[us]
	[us]
	[us]
	[us]
	[us]
	CP%
	[us]

	15
	15
	0,78
	0,032
	0,012
	0,167
	0,013
	0,25
	1,23
	26%
	2,2

	
	30
	0,59
	0,032
	0,012
	0,167
	0,013
	0,25
	1,04
	44%
	0,3

	
	60
	0,46
	0,032
	0,012
	0
	0,013
	0,25
	0,57
	49%
	0,0

	30
	15
	0,65
	0,032
	0,012
	0,167
	0,013
	0,25
	1,10
	23%
	2,5

	
	30
	0,52
	0,032
	0,012
	0,167
	0,013
	0,25
	0,97
	41%
	0,4

	
	60
	0,36
	0,032
	0,012
	0
	0,013
	0,25
	0,47
	40%
	0,2


For SSB SCS = 30 kHz the situation improves (since SSB BW is wider, Te is smaller), but we can still not reach sufficient margin.

Observation 1: If we use an NTN LOS channel delay spread of 0,245 µs then UL SCS = 60 kHz is not possible.  not even a UE 2-D position error of 0 m (perfect UE position) will suffice.

The factor (G) UE 2-D position error of 50 m is the biggest factor. The BS feeder delay prediction is already pushed to minimum reasonable error. There are no other errors to attack besides legacy UE Te error and that is not reasonable at this stage.
Proposal 1: Exclude UL SCS = 60 kHz from rel-17 NTN.
3	Summary
Observation 1: If we use an NTN LOS channel delay spread of 0,245 µs then UL SCS = 60 kHz is not possible.  not even a UE 2-D position error of 0 m (perfect UE position) will suffice.

Proposal 1: Exclude UL SCS = 60 kHz from rel-17 NTN.
References
[1] [bookmark: _Ref508638450][bookmark: _Ref3386619]R4-1912197, Further analysis of one-shot timing adjustment requirements, Ericsson
[2] R1-2109928, On UL time and frequency synchronization enhancements for NTN, Ericsson 
[3] R4-2112486, Discussion on timing requirements in NTN, MediaTek Inc
[4] R1-2106556, Considerations on UL timing and frequency synchronization in NTN, Thales
[5] TR 38.811, Study on New Radio (NR) to support non-terrestrial networks (Release 15)

1

