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Introduction
Previous agreements in RRM RAN4#108-bis were:

Online session (Thursday October 12, 2023)
Issue 1-6: Te_NTN for 60kHz/120kHz
Companies should provide ‘the exact value of Te_NTN and values assumed for X and Y’ and ‘the analysis result based on the following criterion.’ Otherwise, the values/proposals won’t be captured in the list of options.
· Tg =  0.5*Tcp – (Td + Tp + Tr + Ta + Tf + Tm): an effective guard period in CP
· Tcp: a length of CP for the given SCS of UL channel/signal
· Td: UE downlink synchronization error for the given SCS of SSB (BW of PBCH DMRS, i.e. 20 PRBs)
· Tp = Tp,ue + Tp,sat: a round trip propagation delay estimation error due to UE position and satellite position estimation errors
· Tp,ue: a round trip propagation delay estimation error due to [X]m of UE position error
· Tp,sat: a round trip propagation delay estimation error due to [Y]m of satellite position estimation error
· Tr: TAC resolution error (from TS38.213)
· Ta: TA adjustment accuracy error (from Table 7.3.2.2-1 of TS38.133)
· Tf: an accumulated timing drift over 160ms due to a frequency offset of 0.1ppm
· Tm: a margin needed at gNB receiver to accommodate any additional impairments if needed.
· If a non-zero value is assumed in the proposal for Tm, the source of the impairments shall be provided too.
Nokia: Can we remove the Tr and Ta?
E///, Samsung: Tr, Ta have to stay in the formula.
HW: Ta and Td are not needed. 
Apple: Wonder if Tr and Ta are needed for the all channels. Different requirements for different channels?
Session chair: which components will be included in the Te requirement?
Moderator: Tp, Tf, Td
Samsung: companies are encouraged to provide the technical analysis how the number for each component come from.
Apple: Single value is defined in single value for different channels.
Samsung: Whether the same or different values for different channels is contribution driven. 

Issue 1-6: Te_NTN for 60kHz and 120kHz
Additional agreements on top of the ad-hoc minutes in R4-2317275: 
· Technical analysis is required if any number will be provided for each of the components in the next meeting.
· Whether the same or different values for different channels is contribution dirven.
· Update the issue title to “Te_NTN for 60kHz and 120kHz”.

Some previous analysis with respect to timing error accuracy for FR1 has been done in R4-2119505 (THALES) “On the NTN UL Timing Accuracy”. Some of the analysis can be reused also for NTN in above 10 GHz with higher SCS (60 and 120 kHz).

In RAN4#109 there was the following discussion with the following list of proposals:
	Cases
	SCS of SSB
	Te_NTN [Ts] for 60kHz of UL SCS
	Te_NTN [Ts] for 120kHz of UL SCS

	Case-1: Stationary UE for GSO
	120kHz
	Option 1: 7-7.6 (QC, Samsung, HW)
Option 2: 9.64 (Apple)
Option 3:  12.5-13.5 (MTK, Nokia)
Option 2: 14 (Ericsson, vivo, ZTE)
	Option 1: 5-5.7 (Nokia, QC, Huawei)
Option 2: 7.5 (Ericsson, vivo, Samsung, ZTE)
Option 2: 9.64 (Apple)

	
	240kHz
	Option 1: 7-7.6 (Samsung, Huawei, Qualcomm)
Option 2: 9.14 (Apple)
Option 3: 12.5 (Nokia)
Option 3: 13.5-14 (MTK, Ericsson, vivo, ZTE)
	Option 1: 5-5.7 (Huawei, Nokia, Qualcomm)
Option 2: 7-7.5 (Ericsson, vivo, Samsung, ZTE)
Option 3: 9.14 (Apple)

	Case-2: Stationary UE for LEO
	120kHz
	Option 1: 8.6 (Huawei)
Option 2: 11 (QC)
Option 3: 12.5-12.72 (Apple, Nokia)
Option 4: 13.5-14 (MTK, Ericsson, vivo, Samsung, ZTE)
	Option 1: 5.5 (Nokia)
Option 2: 6.7 (Huawei)
Option 3: 7.5-8 (Ericsson, vivo, ZTE, QC)
Option 4: 12.72 (Apple)

	
	240kHz
	Option 1: 8.6 (Huawei)
Option 2: 11 (QC)
Option 3: 12.22-13 (Apple, Nokia, Samsung)
Option 4: 13.5-14 (MTK, Ericsson, vivo, ZTE)
	Option 1: 5.5 (Nokia)
Option 2: 6.7-7.5 (Ericsson, vivo, Huawei, ZTE)
Option 3: 8 (QC)
Option 4: 12.22 (Apple)

	Case-3: Mobile UE for GSO
	120kHz
	Option 1: 11 (QC)
Option 2: 12.5-13.5 (MTK, Apple, Samsung, Nokia)
Option 3: 13.7-14 (Ericsson, vivo, Huawei, ZTE)
	Option 1: 5.5 (Nokia)
Option 2: 7.5-8 (Ericsson, vivo, ZTE, QC)
Option 3: 12.72 (Apple)
Option 4: 11.8 (Huawei)

	
	240kHz
	Option 1: 11 (QC)
Option 2: 12.22-13 (Apple, Samsung, Nokia)
Option 3: 13.5-14 (MTK, Ericsson, vivo, Huawei, ZTE)
	Option 1: 5.5 (Nokia)
Option 2: 7.5-8 (Ericsson, vivo, ZTE, QC)
Option 3: 11.8-12.22 (Apple, Huawei)



Then, RAN4 had the following agreement at RAN4#109:
· UL 60kHz SCS:
· 13 Ts for all cases with 120kHz/240kHz SSB
· UL 120kHz SCS:
· Case 1 and case 2: 7.5 Ts
· FFS for the applicable side condition on case 2
· Case 3: Higher than 7.5 Ts, FFS for the exact value 

RAN4#109 has therefore discussed independently the following cases, and reached the following conclusions:
	Cases
	SCS of SSB
	Te_NTN [Ts] for 60 kHz of UL SCS
	Te_NTN [Ts] for 120 kHz of UL SCS

	Case-1: Stationary UE for GSO
	120kHz
	13 Ts
	7.5 Ts

	
	240kHz
	
	

	Case-2: Stationary UE for LEO
	120kHz
	13 Ts
	7.5 Ts

	
	240kHz
	
	

	Case-3: Mobile UE for GSO
	120kHz
	13 Ts
	Higher than 7.5 Ts

	
	240kHz
	
	








Then, the endorsed big draft CR R4-2321642 for RRM TS 38.133 at RAN4#109 contains:
Table 7.1C.2-2: Te_NTN Timing Error Limit for fixed VSAT is served by GSO and fixed VSAT is served by NGSO
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	FR2-NTN
	120
	60
	13*64*Tc

	
	
	120
	7.5*64*Tc

	
	240
	60
	13*64*Tc

	
	
	120
	7.5*64*Tc

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



Editor’s Note: FFS on the applicable side condition for fixed VSAT is served by NGSO
Table 7.1C.2-3: Te_NTN Timing Error Limit for mobile VSAT is served by GSO
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	FR2-NTN
	120
	60
	13*64*Tc

	
	
	120
	[Higher value than 7.5]*64*Tc

	
	240
	60
	13*64*Tc

	
	
	120
	[Higher value than 7.5]*64*Tc

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



Editor’s Note: FFS on the definition or how to differentiate fixed VSAT and mobile VSAT

Remaining issues on Timing Estimation 
Proposal 1: For the remaining issue on timing error for VSAT UE with respect to UL SCS of 120 kHz, RAN4 shall not consider a value higher than CP/2.
Proposal 2: The current terminology from TS 38.133 [Higher value than 7.5]*64*Tc (see Table 7.1C.2-3: Te_NTN Timing Error Limit for mobile VSAT is served by GSO) cannot be interpreted, since the upper bound cannot be known.

Proposal 3: [Higher value than 7.5]*64*Tc to be replaced by [8.5]*64*Tc.


In order to provide more information to the companies with respect to envisaged GNSS performance (which seems to be the bottleneck in the current discussion), at least the following references can be provided:
· SDD Galileo : Programme Reference Documents | European GNSS Service Centre (gsc-europa.eu)
· SPS GPS : GPS.gov: Performance Standards & Specifications





In the current version of the SDD for Galileo it can be found: 
[image: A screenshot of a screen shot of a chart

Description automatically generated]
[image: A white and grey document with black text

Description automatically generated]
With the typical evolution for the average user location:
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And in the current version of the SPS for GPS:
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As one may notice, there are 2 different sets of requirements: availability and accuracy.
With respect to the availability, supposing an NTN UE GNSS Rx with at least 2 independent constellations capabilities (and excepting for a major ionosphere phenomenon or others such obstructions affecting the 2 systems at the same time), we could consider that the combination will be significantly improved (e.g. at least availability of 98-99% with a precision of 15m horizontal/33m vertical with SF (Single Frequency) implementations). 
With respect to the accuracy, some other values can be found below for GPS (GPS.gov: Performance Standards & Specifications) in terms of average and worst case position accuracy:
[image: ]
And with DF (dual-frequencies) implementations, the performances can be even better, as explained here: Galileo Performances - Navipedia (esa.int)
On can therefore find for instance:
[image: ]

If we follow the same process as the one from R4-2320971 and we now consider the GNSS error of 30-40m (considered as worst case in this example) and the NTN satellite position error of 10-15m, the total error would correspond to maximum 40+15m=55m. If we neglect the impact of the Delay Spread, the specific timing NTN error would be 55m/(3*108m/s)=0.18(3)µs equivalent to 5.6277*64*Tc, which can be added to the legacy Timing Error Limit. Such accuracy level will still be aligned with the 8.5*64*Tc and also below CP/2 condition:
Te_NTN Timing Error Limit Proposal
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_TN

	
Te_NTN
	
% of CP
	
% of CP/2
	
CP

	2
	120
	60
	3.5*64*Tc
	13*64*Tc
	13/36
=36,11%
	72,22%
	4.69/4= 1.1725µs or 144/4*64*Tc

	
	
	120
	3.5*64*Tc
	8.5*64*Tc
	8.5/18
=47,22%
	94.44%
	4.69/8 µs=0.58625µs or 144/8*64*Tc

	
	240
	60
	3*64*Tc
	13*64*Tc
	13/36
=36,11%
	72,22%
	4.69/4= 1.1725µs or 144/4*64*Tc

	
	
	120
	3*64*Tc
	8.5*64*Tc
	8.5/18
=47,22%
	94.44%
	4.69/8 µs=0.58625µs or 144/8*64*Tc

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




If despite all information provided for GNSS accuracy and availability companies are not convinced/do not agree to use [8.5]*64*Tc Timing Error Limit Te_NTN for mobile VSAT served by GSO, then a note can be added e.g.: “NOTE: Requirements valid under 99% GNSS service availability”. 

Proposal 4: If the companies are not convinced to use [8.5]*64*Tc Timing Error Limit Te_NTN requirement for mobile VSAT served by GSO, then a note can be added e.g.: “NOTE: Requirements valid under 99% GNSS service availability”. 

Conclusions

Proposal 1: For the remaining issue on timing error for VSAT UE with respect to UL SCS of 120 kHz, RAN4 shall not consider a value higher than CP/2.
Proposal 2: The current terminology from TS 38.133 [Higher value than 7.5]*64*Tc (see Table 7.1C.2-3: Te_NTN Timing Error Limit for mobile VSAT is served by GSO) cannot be interpreted, since the upper bound cannot be known.

Proposal 3: [Higher value than 7.5]*64*Tc to be replaced by [8.5]*64*Tc.

Proposal 4: If the companies are not convinced to use [8.5]*64*Tc Timing Error Limit Te_NTN requirement for mobile VSAT served by GSO, then a note can be added e.g.: “NOTE: Requirements valid under 99% GNSS service availability”. 







APPENDIX - VSAT UE Specific Timing Estimation Proposals from R4-2320971
Observation 1: VSAT UE (in above 10 GHz) is a different class of UE with higher capabilities with respect to classic smartphone or IoT device.
Observation 2: VSAT UE is operating outdoor. Is therefore expected that the GNSS estimation error is also lower.
Observation 3: VSAT UE in Ka-band is highly directive (and oriented towards satellite) and therefore the multi-path is much lower than in the case of NTN-FR1 UE.
Observation 4: It can be noticed that the most predominant parameter is the sum of GNSS UE positioning error and SAN error as perceived by the UE.

· Tp = Tp,ue + Tp,sat: a round trip propagation delay estimation error due to UE position and satellite position estimation errors
· Tp,ue: a round trip propagation delay estimation error due to [X]m of UE position error
· Tp,sat: a round trip propagation delay estimation error due to [Y]m of satellite position estimation error

It can be found that the proposed Te_NTN can be obtained from legacy legacy Te. If we consider just the GNSS errors (5m) and the NTN satellite position error (10-15m), the total error would correspond to maximum 5+15m=20m. If we neglect the impact of the Delay Spread, the specific timing NTN error would be 20m/(3*108m/s)=0.0(6)µs equivalent to 2.0465*64*Tc, which can be added to the legacy Timing Error Limit. Therefore we obtain the following Te_NTN (Timing Error Limit Proposal):
Te_NTN Timing Error Limit Proposal
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_TN

	
Te_NTN
	
% of CP
	
% of CP/2
	
CP

	2
	120
	60
	3.5*64*Tc
	2.0465*64*Tc
	2.0465/36
=5,68%
	11,37%
	4.69/4= 1.1725µs or 144/4*64*Tc

	
	
	120
	3.5*64*Tc
	2.0465*64*Tc
	2.0465/18
=11,37%
	22.74%
	4.69/8 µs=0.58625µs or 144/8*64*Tc

	
	240
	60
	3*64*Tc
	2.0465*64*Tc
	2.0465/36
=5,68%
	11,37%
	4.69/4= 1.1725µs or 144/4*64*Tc

	
	
	120
	3*64*Tc
	2.0465*64*Tc
	2.0465/18
=11,37%
	22.74%
	4.69/8 µs=0.58625µs or 144/8*64*Tc

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



It can be found that the proposed Te_NTN can be obtained from legacy legacy Te. If we consider just the GNSS errors (15m) and the NTN satellite position error (10-15m), the total error would correspond to maximum 15+15m=30m. If we neglect the impact of the Delay Spread, the specific timing NTN error would be 30m/(3*108m/s)=0.1µs equivalent to 3.0697*64*Tc, which can be added to the legacy Timing Error Limit. Therefore we obtain the following Te_NTN (Timing Error Limit Proposal):
Te_NTN Timing Error Limit Proposal
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_TN

	
Te_NTN
	
% of CP
	
% of CP/2
	
CP

	2
	120
	60
	3.5*64*Tc
	3.0697*64*Tc
	3.0697/36
=8,52%
	17,05%
	4.69/4= 1.1725µs or 144/4*64*Tc

	
	
	120
	3.5*64*Tc
	3.0697*64*Tc
	3.0697/18
=17,05%
	34.11%
	4.69/8 µs=0.58625µs or 144/8*64*Tc

	
	240
	60
	3*64*Tc
	3.0697*64*Tc
	3.0697/36
=8,52%
	17,05%
	4.69/4= 1.1725µs or 144/4*64*Tc

	
	
	120
	3*64*Tc
	3.0697*64*Tc
	3.0697/18
=17,05%
	34.11%
	4.69/8 µs=0.58625µs or 144/8*64*Tc

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



Proposal 1: Current timing error allows 120 kHz subcarrier spacing and therefore should be used. 
Proposal 2: If in some specific deployment, 120 kHz subcarrier spacing cannot be used in UL because of too high GNSS estimation errors at NTN UE side, the configuration can still be based on:
· 60 kHz in UL with normal (or extended) CP;
· 120 kHz in DL.

















APPENDIX - Initial Transmit Timing Error (Te_NTN) for SCS = 15/30 kHz – see R4-2119505 
From TS 38.133 we have the legacy Te (Timing Error Limit):
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]



Which are comparable with other values proposed by other companies in RAN4#100-e (see R4-2115402 and R4-2115346):

	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	
	
	Xiaomi

	Apple
	Ericsson C
	QC

	15
	15
	[18]*64*Tc
	32.5*64*Tc
	[17.4]*64*Tc
	24*64*Tc

	
	30
	[16]*64*Tc
	22*64*Tc
	[15.4]*64*Tc
	22*64*Tc

	
	60
	[16]*64*Tc
	10*64*Tc
	FFS
	FFS

	30
	15
	[12]*64*Tc
	28.5*64*Tc
	[13.4]*64*Tc
	20*64*Tc

	
	30
	[12]*64*Tc
	22*64*Tc
	[13.4]*64*Tc
	20*64*Tc

	
	60
	[11]*64*Tc
	10*64*Tc
	FFS
	FFS




Te_NTN Timing Error Limit Proposal
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	
Te_NTN
	
% of CP
	
% of CP/2
	
CP/2

	1
	15
	15
	(8.186+12)*64*Tc
	[20.186]*64*Tc
	20.186/144
=14,02%
	20.186/72
=28,03%
	4.69/2µs or 144/2*64*Tc

	
	
	30
	(8.186+10)*64*Tc
	[18.186]*64*Tc
	18.186/144
=12,63%
	18.186/72
=25,26%
	4.69/2µs or 144/2*64*Tc

	
	
	60
	(8.186+10)*64*Tc
	[18.186]*64*Tc
	18.186/144
=25,26%
	18.186/72
=25,26%
	4.69/2µs or 144/2*64*Tc

	
	30
	15
	(8.186+8)*64*Tc
	[16.186]*64*Tc
	16.186/72
=22,48%
	16.186/36
=44,96%
	2.34/2µs or
144/4*64*Tc

	
	
	30
	(8.186+8)*64*Tc
	[16.186]*64*Tc
	16.186/72
=22,48%
	16.186/36
=44,96%
	2.34/2µs or
144/4*64*Tc

	
	
	60
	(8.186+7)*64*Tc
	[15.186]*64*Tc
	15.186/72
=21,09%
	15.186/36
=42,18%
	2.34/2µs or
144/4*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]
	
	
	
	




We therefore confirm the values, but the values have to be < CP/2 because the CP has to absorb the propagation delay.
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3.8.2 SPS Position Availability Standards

The commitments for maintaining PDOP (Table 3.8-1) and SPS SIS URE accuracy (Table 3.4-1)
resultin support for position availability standards as presented in Table 3.8-2.

Table 3.8-2. SPS Position Availability Standards

Position Availability Standard Conditions and Constraints
> 99% Horizontal Service Availabilty, average 15 m horizontal (SIS only) 95% threshold
33 m vertical (SIS only) 95% threshold

75 m horizontal (SIS only) 95% threshold

case location 33 m vertical (SIS only) 95% threshold
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The expected performance once full deployment of the Galileo system at FOC arel'l:
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