


3GPP TSG RAN WG1 #111                                                                                              R1-2211027
Toulouse, France, November 14th - 18th, 2022

Source:	vivo
Title:	Discussions on UE location verification in NR NTN
Agenda Item:	9.11.2
Document for:	Discussion and Decision
1. [bookmark: OLE_LINK14][bookmark: _Ref490222521][bookmark: OLE_LINK13]Introduction
In this contribution, we discuss the issues related to the UE location verification in NTN.
2. Discussions
In RAN #96 meeting, network verified UE location related objectives have been discussed and updated as summarized in [1]. 
	· Pending on the conclusion of the RAN SI FS_NR_NTN_netw_verif_UE_loc study item, study and evaluate, if needed, solutions for network to verify UE reported location information [RAN2,RAN1,RAN3].
· RAN is expected to determine by RAN#98 whether the study has identified any need for Network verified UE location specification support in Rel-18.


Furthermore, a new study item has been created to study the accuracy of network verified UE location as summarized in [2].
	· The objective of this RAN led SI is:
· Study detailed regulatory requirements (e.g. accuracy, privacy, reliability, latency) for network-verified UE location for NTN and for potential use cases/services (i.e. emergency call, lawful intercept, public warning, charging/billing).


In RAN1 #110 meeting and the post meeting email discussions, most of the required evaluation assumptions have been agreed to evaluate the accuracy of RAT dependent positioning in NTN.
In RAN1 #110bis-e meeting, following agreement is agreed to request companies to have more evaluations on time based positioning methods so that the results could be comparable.
	Agreement
· For the evaluation of time based positioning methods, further evaluation results taking into account satellite movement between TX and RX measurements should be provided.
· How this is characterised is also reported by companies


In this contribution, we provide our evaluation methodology, assumptions and further evaluation results for RAT dependent positioning in NTN.
2.1	Methodology and evaluation assumptions
According to the assumptions agreed in RAN1, single satellite based positioning would be assumed, as illustrated in Figure 1.


Figure 1. RAT dependent positioning based on single satellite in NTN
In order to evaluate the RAT dependent positioning in NTN, DL-TDoA method is selected in our system level simulations where a set of UEs are dropped randomly in NTN cells. As is known, DL-TDoA positioning method makes use of the DL RSTD (and optionally DL-PRS-RSRP and DL-PRS-RSRPP) of downlink signals received from multiple TPs in terrestrial network, at the UE. The UE measures the DL RSTD (and optionally DL-PRS-RSRP and DL-PRS-RSRPP) of the received signals using assistance data received from the positioning server, and the resulting measurements are used along with other configuration information to locate the UE in relation to the neighboring TPs. For NTN, the method is almost the same as the one for TN except that the downlink signals are received at different time instances from single satellite.
Compared to evaluations performed in RAN1#110bis-e meeting, the evaluation results provided in this meeting are checked at different SNR values. The SNR values studied are {5, 10} dB, which are selected based on the calibration results provided in Table 6.1.1.2-1 in TR 38.821 V16.1.0 on DL transmissions. The results with perfect SNR, i.e. when there’s no interference, are also provided. Detailed evaluation assumptions are provided in Table 1 below.
Table 1. Evaluation assumptions for RAT dependent positioning study in NTN
	Parameter
	Description/Value

	Scenarios 
	Rural

	Satellite Orbit
	LEO-600km

	Satellite parameters
	Set-1satellite parameters provided in table 6.1.1.1-1 of TR38.821 

	Channel model/ Delay spread
	Based on section 6.7.2 of TR 38.811

	FR/Carrier frequency
	FR1/2GHz, S-band

	BW
	5MHz

	Subcarrier spacing, kHz
	15kHz for FR1

	Number of satellites in view
	1 for single satellite case

	Orbit inclination
	90 degree orbital plane relative to equator plane

	UE type
	Handheld terminal

	UE related parameters
	Handheld UE characteristics as in Table 6.1.1.1-3 of TR38.821 with update of polarization, Tx/Rx antenna gain, and antenna type and configuration as agreed under AI 9.12.1

	Positioning signals (Note 1)
	PRS

	Number of occasions per positioning estimate
	4

	Time window for measurement collection
	30s/60s/120s

	Interference modelling (ideal muting, or other)
	Idea muting

	Reference Signal Transmission Bandwidth
	5MHz 

	Reference point for timing measurement
	Satellite

	Positioning algorithm 
	taylor series

	UE speed
	3km/h

	Maximum additional timing measurement error
	{0, 20, 40, 60, 80, 100, 120} ns for 30s measurement gap;
{0, 40, 80, 120, 160, 200, 240} ns for 60s measurement gap;
{0, 60, 120, 180, 240, 300, 360} ns for 120s measurement gap.

	Performance metrics
	Horizontal accuracy (UE 2D position accuracy)

	SNR
	{5, 10} dB and perfect SNR



2.2	Initial performance evaluation for DL-TDoA method
With the assumptions provided in previous section, positioning accuracy of DL-TDoA method in NTN are summarized in following figures and tables when different time gaps are assumed between 2 measurement time instances at different SNR values. Considering the satellite is moving which is different from TN, some additional timing errors within a range of {0 to 120ns} or {0 to 240ns} or {0 to 360ns} are included in order to analyze the maximum additional timing errors allowed to meet required positioning accuracy for verifying the UE location.
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Figure 1. Positioning accuracy for a measurement gap of 30s with different SNR values

Table 2a. Positioning accuracy for a measurement gap of 30s with SNR@5dB
	Max timing error(ns)
	Accuracy(km) for 30s measurement gap

	
	50%
	67%
	80%
	90%

	0
	0.87
	1.61
	2.85
	4.93

	20
	0.95
	1.71
	2.92
	5.69

	40
	1.46
	2.15
	3.75
	7.07

	60
	1.66
	2.48
	4.54
	8.43

	80
	2.12
	3.17
	5.56
	9.44

	100
	2.49
	3.87
	6.75
	11.89

	120
	5.1
	7.4
	11.08
	15.7



Table 2b. Positioning accuracy for a measurement gap of 30s with SNR@10dB
	Max timing error(ns)
	Accuracy(km) for 30s measurement gap

	
	50%
	67%
	80%
	90%

	0
	0.28
	0.55
	1.3
	2.61

	20
	0.49
	0.87
	1.96
	3.79

	40
	0.92
	1.74
	2.69
	5.32

	60
	1.31
	2.59
	4.16
	7.06

	80
	1.74
	3.1
	4.9
	8.25

	100
	2.09
	3.46
	5.35
	9.84

	120
	3.25
	5.19
	9.06
	14.21



Table 2c. Positioning accuracy for a measurement gap of 30s with perfect SNR
	Max timing error(ns)
	Accuracy(km) for 30s measurement gap

	
	50%
	67%
	80%
	90%

	0
	0.18
	0.35
	0.88
	1.77

	20
	0.5
	0.91
	0.146
	2.56

	40
	0.97
	1.53
	2.61
	4.53

	60
	1.41
	2.09
	3.14
	6.29

	80
	1.75
	2.61
	3.92
	7.48

	100
	2.36
	3.33
	5.89
	9.35

	120
	2.69
	3.65
	6.99
	12.24
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Figure 2. Positioning accuracy for a measurement gap of 60s with different SNR values

Table 3a. Positioning accuracy for a measurement gap of 60s with SNR@5dB
	Max timing error(ns)
	Accuracy(km) for 60s measurement gap

	
	50%
	67%
	80%
	90%

	0
	0.51
	0.82
	1.38
	3.98

	40
	0.67
	1.41
	2.48
	5.3

	80
	1.02
	1.84
	3.17
	6.75

	120
	1.32
	2.56
	4.77
	8.12

	160
	1.73
	3.5
	6.15
	9.46

	200
	1.87
	3.77
	6.43
	11.12

	240
	2.5
	4.08
	7.3
	13.17



Table 3b. Positioning accuracy for a measurement gap of 60s with SNR@10dB
	Max timing error(ns)
	Accuracy(km) for 60s measurement gap

	
	50%
	67%
	80%
	90%

	0
	0.23
	0.41
	0.75
	1.7

	40
	0.52
	0.82
	1.35
	3.33

	80
	0.84
	1.49
	2.92
	5.36

	120
	1.31
	2.05
	3.31
	7.14

	160
	1.65
	2.63
	4.74
	8.66

	200
	1.9
	2.83
	5.4
	9.95

	240
	2.24
	3.7
	7.02
	12.33



Table 3c. Positioning accuracy for a measurement gap of 60s with perfect SNR
	Max timing error(ns)
	Accuracy(km) for 60s measurement gap

	
	50%
	67%
	80%
	90%

	0
	0.19
	0.34
	0.6
	1.12

	40
	0.42
	0.72
	1.11
	2.31

	80
	0.91
	1.55
	2.58
	4.84

	120
	1.19
	1.96
	3.52
	6.26

	160
	1.53
	2.23
	3.8
	7.83

	200
	2.13
	2.87
	4.96
	9.2

	240
	2.74
	4.44
	6.96
	10.67
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Figure 3. Positioning accuracy for a measurement gap of 120s with different SNR values

Table 4a. Positioning accuracy for a measurement gap of 120s with SNR@5dB
	Max timing error(ns)
	Accuracy(km) for 120s measurement gap

	
	50%
	67%
	80%
	90%

	0
	0.41
	0.68
	1.31
	3.07

	60
	0.58
	0.91
	1.88
	4.57

	120
	1.15
	1.87
	3.14
	6.7

	180
	1.92
	3.17
	5.77
	8.12

	240
	2.03
	2.86
	6.19
	9.79

	300
	2.38
	3.96
	7.28
	11.77

	360
	3.16
	5.33
	9.51
	12.99



Table 4b. Positioning accuracy for a measurement gap of 120s with SNR@10dB
	Max timing error(ns)
	Accuracy(km) for 120s measurement gap

	
	50%
	67%
	80%
	90%

	0
	0.28
	0.43
	0.82
	2.1

	60
	0.63
	1.01
	1.61
	3.79

	120
	0.99
	1.53
	3.31
	5.88

	180
	1.6
	2.5
	4.28
	7.65

	240
	2.04
	3.37
	5.5
	9.06

	300
	2.6
	4.44
	6.36
	10.54

	360
	3.14
	5.27
	7.86
	12.44



Table 4c. Positioning accuracy for a measurement gap of 120s with perfect SNR
	Max timing error(ns)
	Accuracy(km) for 120s measurement gap

	
	50%
	67%
	80%
	90%

	0
	0.22
	0.34
	0.71
	1.68

	60
	0.6
	0.89
	1.4
	2.78

	120
	1.032
	1.72
	2.69
	5.08

	180
	1.62
	2.36
	4.13
	7.14

	240
	2.1
	3.36
	5.35
	8.52

	300
	2.22
	3.63
	5.64
	9.68

	360
	2.95
	4.66
	6.81
	11.07


If we look at 90th percentile, it can be observed that, with DL-TDoA method, the maximum timing measurement error that can be allowed to meet the accuracy requirement of 5-10km is about 80ns, 160ns, 240ns when the measurement gaps are 30s, 60s, 120s respectively with SNR=5dB. For SNR =10dB, the measurement timing error required is about 100ns, 200ns and 300ns when the measurement gaps are 30s, 60s and 120s respectively. For perfect SNR, the measurement  timing error required is less than 100ns, 200ns and 300ns when the measurement gaps are 30s, 60s, 120s respectively.
The larger the measurement gap is configured, the larger the additional timing measurement error is allowed to meet the target positioning accuracy.
Observation 1: 
· The maximum timing measurement error allowed to meet the positioning accuracy requirement of 5-10km are about {80ns, 100ns, 100ns} when the measurement gap is 30s with SNR values equal to {5dB, 10dB, perfect SNR} respectively.
Observation 2: 
· The maximum timing measurement error allowed to meet the positioning accuracy requirement of 5-10km are about {160ns, 200ns, 200ns} when the measurement gap is 60s with SNR values equal to {5dB, 10dB, perfect SNR} respectively.
Observation 3: 
· The maximum timing measurement error allowed to meet the positioning accuracy requirement of 5-10km are about {240ns, 300ns, 300ns} when the measurement gap is 120s with SNR values equal to {5dB, 10dB, perfect SNR} respectively.
Observation4: 
· The larger the measurement gap is configured, the larger the additional timing measurement error can be allowed to meet the target positioning accuracy.
In addition, it can be observed that when SNR is 10dB, the performance is close to the perfect SNR, this means that there’s no need to study SNR values larger than 10dB.
Observation 5: 
· The positioning performance when the SNR equals to 10dB is closed to the performance that without considering the impact from SNR.
According to the discussions and observations above, with proper measurement gap configuration, DL-TDoA method would be enough to meet the target positioning accuracy of 5 to 10km. Furthermore, DL-TDoA based method only relies on downlink signal measurement and does not depend on the UL TA report which has to be enhanced due to low granularity for other methods with UL measurement performed.
Therefore, we have following proposal.
Proposal 1:
· Reuse existing DL-TDoA method already specified in TN, which is enough for UE location verification in NTN.
3. Conclusion
In this contribution, we provide the evaluation methodology, assumptions and further evaluation results for RAT dependent positioning in NTN. According to the results, we have following observations and proposals: 
Observation 1: 
· The maximum timing measurement error allowed to meet the positioning accuracy requirement of 5-10km are about {80ns, 100ns, 100ns} when the measurement gap is 30s with SNR values equal to {5dB, 10dB, perfect SNR} respectively.
Observation 2: 
· The maximum timing measurement error allowed to meet the positioning accuracy requirement of 5-10km are about {160ns, 200ns, 200ns} when the measurement gap is 60s with SNR values equal to {5dB, 10dB, perfect SNR} respectively.
Observation 3: 
· The maximum timing measurement error allowed to meet the positioning accuracy requirement of 5-10km are about {240ns, 300ns, 300ns} when the measurement gap is 120s with SNR values equal to {5dB, 10dB, perfect SNR} respectively.
Observation4: 
· The larger the measurement gap is configured, the larger the additional timing measurement error can be allowed to meet the target positioning accuracy.
Observation 5: 
· The positioning performance when the SNR equals to 10dB is closed to the performance that without considering the impact from SNR.
Proposal 1:
· Reuse existing DL-TDoA method already specified in TN, which is enough for UE location verification in NTN.
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