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9.6.1 NR-NTN GNSS resilience 

Conclusion:
· Companies’ inputs for PRACH performance evaluation results are collected in Excel sheet “PRACH performance evaluation v022” that is embedded in R1-2601483.
· The template for collection of Connected mode results in Excel sheet “Template-Results for Connected mode_v004,” that is embedded in R1-2601483, is endorsed.
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R1-2600249	FL Summary #1: Study on GNSS resilient NR-NTN operation	Moderator (THALES)


Agreement:
Confirm the following working assumption.

	Working assumption:
For UL performance evaluation, UL differential Doppler/frequency offset is calculated based on scaled DL one-way differential Doppler/frequency offset with the following scaling factor: 
Scaling factor = 2* / 
 and   are the uplink and downlink carrier frequency respectively.




Agreement:
Capture the following formula in the TR 38.742:

Where  is the speed of satellite and  is the speed of the UE.



Agreement:
Confirm the working assumption on theoretical differential Doppler limits as follows:
Theoretical differential Doppler limits of each PRACH preamble with long PRACH preamble formats considered for the study are given in the following table:
	Preamble format
	Set
	ΔfRA [Hz]
	γ
	fe [ppm]
	fc,UL [GHz]
	fc,DL [GHz]
	scaling factor
	Differential one-way Doppler limit [ppm]
	Differential round trip Doppler limit in UL [kHz]

	0,1,2
	unrestricted
	1250
	0
	0.1
	2
	2
	2.0
	0.21
	0.85

	0,1,2
	type A
	1250
	1
	0.1
	2
	2
	2.0
	0.53
	2.1

	0,1,2
	type A
	1250
	2
	0.1
	2
	2
	2.0
	0.84
	3.35

	0,1,2
	type B
	1250
	3
	0.1
	2
	2
	2.0
	1.15
	4.6

	0,1,2
	type B
	1250
	4
	0.1
	2
	2
	2.0
	1.46
	5.85

	3
	unrestricted
	5000
	0
	0.1
	2
	2
	2.0
	1.15
	4.6

	3
	type A
	5000
	1
	0.1
	2
	2
	2.0
	2.40
	9.6

	3
	type A
	5000
	2
	0.1
	2
	2
	2.0
	3.65
	14.6

	3
	type B
	5000
	3
	0.1
	2
	2
	2.0
	4.90
	19.6

	3
	type B
	5000
	4
	0.1
	2
	2
	2.0
	6.15
	24.6



Theoretical differential Doppler limits of each PRACH preamble with for  short PRACH preamble formats considered for the study are given in the following table:
	Preamble format
	SCS
	ΔfRA [Hz]
	γ
	fe [ppm]
	fc,UL [GHz]
	fc,DL [GHz]
	scaling factor
	Differential one-way Doppler limit [ppm]
	Differential round trip Doppler limit in UL [kHz]

	all short formats
	15
	15000
	0
	0.1
	2
	2
	2.0
	3.65
	14.6

	
	30
	30000
	0
	0.1
	2
	2
	2.0
	7.40
	29.6

	
	60
	60000
	0
	0.1
	30
	20
	3.0
	0.90
	54

	
	120
	120000
	0
	0.1
	30
	20
	3.0
	1.90
	114


Note: These limits are assumed to represent theoretical upper bounds.

Agreement:
Confirm the RAN1#123 working assumptions on differential roundtrip delay limits for PRACH preamble formats considered for the study.



R1-2600250	FL Summary #2: Study on GNSS resilient NR-NTN operation	Moderator (THALES)



Observation:
Based on the evaluation results of the study on GNSS resilient operation:
For scenario 1; where the UE cannot rely on its GNSS for timing and frequency compensation on the service link, 
· There is no single PRACH preamble with long PRACH format that could tolerate the differential delay and Doppler simultaneously across all elevation angles in LEO-600 S-band, LEO-1200 S-band and GEO in S-band in case a, where the location uncertainty is the area served by beam.
· There is no single PRACH preamble with short PRACH format that could tolerate the differential delay and Doppler simultaneously across all elevation angles in LEO-600 S-band, LEO-1200 S-band and GEO in S-band and Ku/Ka band, in case a, where the location uncertainty is the area served by beam.
For scenario 2; where there is a previously acquired GNSS based position, the workable PRACH formats (a PRACH format is workable if the PRACH format can tolerate the differential delay and Doppler) across all angles are provided in the tables below for different PRACH formats, uncertainty area X (km) and operating bands:
· Long PRACH Formats | S band
	Orbit/X
	Workable PRACH formats across all angles

	LEO 600 km, X=1 km
	All formats (0–3; Unrestricted/Type A/Type B; all γ)

	LEO 600 km, X=5 km
	Format 0-2 Type A/B all γ;
Format 3 Unrestricted

	LEO 600 km, X=10 km
	Format 1 type B, format 2 type B

	LEO 600 km, X=25 km
	None

	LEO 1200 km, X=1 km
	All formats (0–3; Unrestricted/Type A/Type B; all γ)

	LEO 1200 km, X=5 km
	All formats, except Format 3 Type A/B

	LEO 1200 km, X=10 km
	Format 1 type B, format 2 type B

	LEO 1200 km, X=25 km
	None

	GEO, X=1 km
	All formats (0–3; Unrestricted/Type A/Type B; all γ)

	GEO, X=5 km
	All formats, except Format 3 Type A/B

	GEO, X=10 km
	Format 1 Unrestricted/Type A, format 2 Unrestricted/Type A

	GEO, X=25 km
	Format 1 Unrestricted


· Short PRACH Formats | S band
	Orbit/X
	Workable PRACH formats across all angles

	LEO 600 km, X=1 km
	A2-15; A3-15/30; B3-15; B4-15/30; C0-15/30; C2-15/30

	LEO 600 km, X=5 km
	C2-15 only

	LEO 600 km, X=10 km
	None

	LEO 600 km, X=25 km
	None

	LEO 1200 km, X=1 km
	A2-15; A3-15/30; B3-15; B4-15/30; C0-15/30; C2-15/30

	LEO 1200 km, X=5 km
	C2-15 only

	LEO 1200 km, X=10 km
	None

	LEO 1200 km, X=25 km
	None

	GEO, X=1 km
	A2-15; A3-15/30; B3-15; B4-15/30; C0-15/30; C2-15/30

	GEO, X=5 km
	C2-15 only

	GEO, X=10 km
	None

	GEO, X=25 km
	None


· Short PRACH Formats | Ku/Ka band
	Orbit/X
	Workable PRACH formats across all angles

	LEO 600 km, X=1 km
	Ku: A2-15; A3-15/30; B3-15; B4-15/30; C0-15/30; C2-15/30/60
Ka: C2-60

	LEO 600 km, X=5 km
	None

	LEO 600 km, X=10 km
	None

	LEO 600 km, X=25 km
	None

	LEO 1200 km, X=1 km
	Ku: A2-15; A3-15/30; B3-15; B4-15/30; C0-15/30; C2-15/30/60
Ka: C2-60

	LEO 1200 km, X=5 km
	Ku: C2-15
Ka: None

	LEO 1200 km, X=10 km
	None

	GEO, X=1 km
	Ku: A2-15; A3-15/30; B3-15; B4-15/30; C0-15/30; C2-15/30/60
Ka: C2-60

	GEO, X=5 km
	Ku: C2-15
Ka: None

	GEO, X=10 km
	None

	GEO, X=25 km
	None



Note 1: The tolerance gaps for non-workable PRACH formats and tolerance margin for workable PRACH can be found in “PRACH performance evaluation v022,” embedded in R1‑2601483. 
Note 2: These results have been collected from different sources under the following assumptions:
· UE altitude of 0 km is assumed
· UE altitude uncertainty is not taken into account. 
· For Set1/2 parameters, it is assumed that the area served by the cell or beam (corresponding to the nadir beam size as defined in 38.821) is fixed within the satellite coverage.
Note 3: Some sources have reported larger TO/FO tolerance gaps than the reported values in R1‑2601483 in case of elongated non-nadir beam at edge of the satellite coverage (larger than the nadir beam size as defined in 38.821).



R1-2600251	FL Summary #3: Study on GNSS resilient NR-NTN operation	Moderator (THALES)

Agreement:
Confirm the working assumptions from RAN1#123 regarding differential one-way delay and Doppler. With the following note:
Note: the difference of one-way delay between cross/along orbit is due to averaging from multiple sources 


R1-2600252	FL Summary #4: Study on GNSS resilient NR-NTN operation	Moderator (THALES)


Agreement:
For the evaluation of GNSS resilient NR-NTN operation at least for initial access, the companies are encouraged to further study the following candidate solutions
· Solution 2D: UE side time/frequency pre-compensation based on reference location or TA/Doppler compensation information provided by gNB.
· Solution 1D: Signalling enhancements for Msg2/Msg4 (e.g. enhanced TA command, frequency adjustment command, reference point adjustment command).
· Solution 2E: service link time/frequency UE side pre-compensation based on last acquired GNSS position
· Solution 1A: Multiple PRACH transmissions (e.g. with different roots or cyclic shifts or different formats or with different time/frequency pre-compensation using multiple reference locations within the uncertainty area) using existing PRACH formats
· Solution 2A: Single/multi-satellite DL-TDOA based on current specifications.
· Solution 3: Implementation-based techniques e.g. using a long enough PRACH processing window and multiple timing hypotheses for PRACH preamble reception with large max differential delay. 
· Solution 2B: Multiple random access attempts based on different time/frequency pre-compensation hypotheses (e.g. based on multiple reference points within the uncertainty area)
· Solution 1G: Adaptation of PRACH configuration.
· Solution 2C: Solutions based on broadcasting DL timestamp(s).

To ensure a good consolidation of the results, companies are encouraged to continue evaluating each solution and their combinations in more detail, in particular with respect to the specification impact where relevant (including whether the solutions remain within the scope of the SID), performance, applicability to different scenarios, complexity, coexistence with legacy UEs, and signalling overhead.


R1-2601704	FL Summary #5: Study on GNSS resilient NR-NTN operation	Moderator (THALES)


Observation
For the study on GNSS resilient NR-NTN operation, the following candidate solutions for Connected mode are listed based on inputs/discussions in RAN1#124

· Open‑loop time and frequency pre‑compensation:
· At least for scenario 1: Common TA on service link and/or reference location and ephemeris‑based open‑loop pre‑compensation.
· For scenario 2: UE uses last GNSS location or network‑provided reference location and satellite ephemeris.
· TA control:
· Reuse of legacy closed‑loop TA, possibly with extended range
· Reuse of legacy absolute TAC indication; with possible enhancements such as negative TA
· TA drift
· New explicit FAC for connected mode:
· Instantaneous/relative FO value 
· Optional drift parameters.
· Overhead and robustness optimization:
· Group/common adjustment command
· Combined TAC and FAC 
· New explicit PAC (position adjustment command) for connected mode:
· PAC with adjustment of UE reference location.
Other solutions are not precluded.
As part of the evaluation and assessment of the solutions above, at least the following aspects should be assessed:
· specification impact when relevant (including whether the solutions remain within the scope of the SID)
· performance, 
· applicability to different scenarios, 
· complexity, 
· the signalling overhead.


Observation
Based on the evaluation results of the study on GNSS resilient operation in Connected Mode, it is observed that:
Depending on their assumptions on 
· UE pre-compensation of RTT/Doppler on the service link (w/ e.g Case 1 or Case 2 or w/o) 
· Timing and frequency tolerance limits assumed for issuing a correction ( and ): different values are reported by companies (e.g. Ttol= 1/2CP , 1/2CP-Te, 19 TS etc..)
· UE speed (Most companies considered 3 km/h, few companies evaluated 120km/h or 1500km)
· Initial timing/frequency error
· The assumed candidate solutions
companies reported the following typical average number (Ncmd) of times timing error or frequency error exceed tolerance limit per second.

Note: The above observation is made under the assumption of ideal conditions for estimation of the required timing offset and Doppler offset adjustment (always on UL signals).
Detailed evaluation results for Connected Mode can be found in the Excel Spreadsheet attached to R1-2600252 

Timing control - case a:
	Source
	Typical Ncmd range (cmd/s)
	Notes

	vivo 
	S: ~1.2–5.4 , Ka: ~2–9.6 , GEO: ~0.1–0.2
	3 km/h, Case 1

	Qualcomm 
	S: ~0.25–2 , Ka: ~1–6
	Ttol= 1/2CP  | (3–1500 km/h)

	ST Eng. iDirect
	S, LEO600, µ0: 13.26
S, LEO600, µ1: 25.33
Ka, LEO600, µ3: 80.20
S, LEO1200, µ0: 18.96
Ka, LEO1200, µ3: 53.15
	Using existing TA command, considering UE speed of 3 km/h, and using Timing threshold of CP/2. Averaged over the full pass (elevation 30 to nadir to elevation 30).

	Huawei / HiSilicon
	S: ~0.6–2.8, Ka: ~2.8–6.7
	Ttol= 1/2CP-Te, case 1, 3km/h, LEO600/LEO1200

	ZTE
	S: ~0.46–1.94, Ka: ~1.6–4.0
	Ttol= 1/2CP  (3 km/h, Case 1)

	Toyota ITC 
	S: ~2.2–5, Ka: ~3.7–9.3
	120km/h, Time error tolerance limit is 1/2CP

	Ericsson 
	S: 0.01–0.83 (with Case1) , ~23 (no pre‑comp)
	T_tol= 19 TS. 3 km/h. Shows impact of TAC design

	Thales  
	S: ~1.01–3.9, Ka: ~3.2–7.95
	3 km/h, Ttol= 1/2CP  

	CMCC
	S: ~0.18-1.7, Ka: ~1-8.4
	Ttol= 1/2CP, 3 km/h, Case 1

	Futurewei
	LEO-600 S: 11.97 – 21.99, Ka: 43.98 – 87.21
LEO-1200: S: 9.45 – 18.94, Ka: 37.88 – 75.13

	, 3 km/h, without UE pre-compensation RTT/Doppler on the service link

	OPPO
	S band: ~0.47-2
	3km/h, case 1, Ttol= 1/2CP-Te, LEO600/LEO1200

	CSCN
	LEO-600 S set1:10.9~21.9
LEO-600 Ka set1:87.8
	, 3 km/h, without UE pre-compensation RTT/Doppler on the service link

	CATT
	S band：case1：0.375-0.379；W/O：11.33-13.17
Ka band：case1：1.96-2.17；W/O：123.6-143.7
	Ttol= CP/2-Te


Timing control - case b:
	Source
	Ncmd (cmd/s) by X (approx ranges)
	Notes

	vivo 
	S band :X=1: 0.1–0.1, X=5: 0.1–0.6, X=10: 0.3–1.2 , X=25: 0.6–3.0
Ka‑band: X=1: 0.4,  X=5: 1.9 , X=10: 3.8 , X=25: 9.6
	3 km/h, Case 1

	Qualcomm 
	S‑band : X=1: 0.004–0.12,  X=5: 0.026–0.18,  X=10: 0.05–0.30 , X=25: 0.07–0.38
Ka‑band : X=1: 0.05–0.43 , X=5: 0.25–0.67 , X=10: 0.49–1.09 , X=25: 0.61–1.34
	UE speed 3 km/h,  no additional timing/frequency error at UE is assumed, with time-freq precompensation

	Huawei / HiSilicon
	S‑band : X=1: 0.01–0.06 , X=5: 0.06–0.28 , X=10: 0.12–0.56 , X=25: 0.31–1.38
Ka‑band  : X=1: 0.34–0.47 , X=5: 0.88–1.52 , X=10: 1.55–2.81 , X=25: 3.60–6.71
	Ttol= 1/2CP-Te, case 2, 3km/h, LEO600/LEO1200

	ZTE 
	S‑band : X=1: 0.016–0.033 , X=5: 0.05–0.20 , X=10: 0.10–0.39 , X=25: 0.25–1.00
Ka‑band  : X=1: 0.08–0.15 , X=5: 0.41–0.80 , X=10: 0.82–1.59 , X=25: 2.05–4.0
	Ttol= 1/2CP  (3 km/h, Case 1), LEO600/LEO1200

	Futurewei
	LEO-600: S: 11.97 – 21.99, Ka: 43.98 – 87.21
LEO-1200: S: 9.45 – 18.94, Ka: 37.88 – 75.13

	, 3 km/h, without UE pre-compensation RTT/Doppler on the service link

	CATT
	S band：
X=1：0.0097-0.0177；X=5：0.0484-0.0887；X=10：0.0972-0.1786；X=25：0.2457-0.455；
Ka band：
X=1：0.1055-0.1928；X=5：0.5309-0.9724；X=10：1.0708-1.9662；X=25：2.7465-5.0829；
	Ttol= CP/2-Te


Frequency control - case a
	Source
	Typical Ncmd range (cmd/s)
	Notes (e.g. Ftol, UE speed, precompensation…)

	vivo 
	LEO-600: S:0.4-0.7, LEO1200: 0.1-0.2
LEO-600: Ka:0.3-0.9, LEO1200: 0.0-0.1, GEO:0.
	Precomp: with case 1, 3km/h, F_tol S:0.2kHz, F_tol Ka: 3kHz. Initial frequency error 0kHz

	Qualcomm 
	LEO-600: S: 0.03-0.08, Ka: 0.01-0.03
	UE speed 3 km/h,  no additional timing/frequency error at UE is assumed, initial time frequency error: unif(-CP/2,CP/2), unif (-0.1,0.1) ppm, with time-freq precompensation

	ST Eng. iDirect
	S, LEO600, µ0 and µ1: 1.73
Ka, LEO600, µ3: 1.73

S, LEO1200, µ0 and µ1: 0.98
Ka, LEO1200, µ3: 0.98
	Using FA command similar to existing TA command, considering UE speed of 3 km/h, and using Frequency threshold of 0.1ppm. Averaged over the full pass.

	Huawei / HiSilicon
	S-band: 0.06 – 0.24, 
Ka-band: 0.02-0.13
	Ftol= 0.1ppm, case 1, 3km/h, LEO600/LEO1200

	ZTE
	S-band, Ftol=SCS/2: 0
S-band, Ftol=0.1ppm: 0.07 -0.28
Ka-band, Ftol=SCS/2: 0
Ka-band, Ftol=0.1ppm: 0.03 - 0.15
	3 km/h, Case 1, LEO600/LEO1200

	Toyota ITC 
	S, LEO600: ~0.2 - 0.5,  Ka: ~0.1 – 0.3
	120km/h, Frequency error tolerance limit is 0.1ppm

	Ericsson 
	S, LEO600:
0.03-0.08 (with Case1), 0.12-2.16 (no pre comp), <0.01 (PAC)
	F_tol= 0.08 ppm. 3 km/h. Shows impact of FAC/PAC design

	Futurewei
	LEO-600: S: 0.065 – 0.129, Ka: 0.2418 – 0.4837
LEO-1200: S: 0.029 – 0.059, Ka: 0.011 – 0.220
	, 3 km/h, without UE pre-compensation RTT/Doppler on the service link

	OPPO
	S band: ~0.05-0.22
	3km/h, case 1, Ftol= 0.1ppm, LEO600/LEO1200

	CSCN
	LEO-600 S: 1.1~2.1
LEO-600 Ka: 0.3
	, 3 km/h, without UE pre-compensation RTT/Doppler on the service link



Frequency control - case b
	Source
	Typical Ncmd range (cmd/s)
	Notes (e.g. Ftol, UE speed, precompensation…)

	vivo 
	LEO S band : X=1: 0 , X=5: 0–0.0 , X=10: 0.0-0.2 , X=25: 0.1-0.4
Ka band  : X=1:0-0: X=5:0-0.X=10:0-0.2 , X=25: 0.1-0.5.
GEO: S:X=1-25:0-0
	with case 2, 3km/h, Ftol: 0.2kHz| LEO Ka:3 kHz, Initial frequency error: 0kHz, 

	Qualcomm 
	LEO-600: S: 0.001-0.03 (UE speed 3 km/s), LEO-600 S: 0.15 (UE speed 1500 km/s)
	UE speed 3, 1500 km/h,  no additional timing/frequency error at UE is assumed, with time-freq precompensation

	Huawei / HiSilicon
	S‑band : X=1: 0 , X=5: 0–0.02 , X=10: 0.01–0.05 , X=25: 0.03-0.13
Ka‑band  : X=1: 0 , X=5: 0–0.02 , X=10: 0.01-0.05 , X=25: 0.03-0.13
	Ftol= 0.1ppm, case 2, 3km/h, LEO600/LEO1200

	ZTE
	S-band, Ftol=SCS/2: 0
S-band, Ftol=0.1ppm: X=1: 0 , X=5: 0–0.02 , X=10: 0.01–0.06 , X=25: 0.04–0.15
Ka-band, Ftol=SCS/2: 0
Ka-band, Ftol=0.1ppm: X=1: 0 , X=5: 0–0.02 , X=10: 0.01–0.06 , X=25: 0.04–0.15
	3 km/h, Case 1, LEO600/LEO1200

	Futurewei
	LEO-600 S: 0.065 – 0.129, Ka: 0.2418 – 0.4837
LEO-1200: S: 0.029 – 0.059, Ka: 0.011 – 0.220
	, 3 km/h, without UE pre-compensation RTT/Doppler on the service link



Agreement:
The draft TR38.742 v010 in R1-2601708 is endorsed in principle. The final TR in R1-2601709 is endorsed in principle for information.



