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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN# 110, a couple of agreements have been achieved on network-verified location for NR NTN [1]:
Agreement
The following 3GPP defined RAT dependent positioning methods shall be considered as starting point for the study on Network verified UE location in case of NGSO based NTN deployment:
· Multi-RTT
· DL/UL-TDOA
Note-1: Other methods (e.g. AoA based) are not precluded
Note-2: RAT independent positioning methods are not under the scope of the study

Agreement
For evaluating positioning performance in NTN, the following metrics apply.
· Horizontal accuracy:
· Horizontal accuracy is the difference between a calculated horizontal position by the network and the actual horizontal position of a UE (for evaluation purposes)
· At least CDFs of horizontal positioning errors are used as a performance metrics in NR positioning evaluations
· At least the following percentiles of positioning error is analyzed 50%, 67%, 80%, 90%, 95%

Agreement
The following parameters are assumed for the evaluation of RAT dependent positioning methods study in NTN:
Parameter
Description/Value
Scenarios 
Rural, LOS
Satellite Orbit
600km, optional: 1200km
Satellite parameters
Reuse Set-1satellite parameters as in table 6.1.1.1-1/2 of TR38.821 
Channel model/ Delay spread
Based on section 6.7.2 of TR 38.811
FR/Carrier frequency
FR1: 2GHz, S-band (n256). Optional: FR2
BW
To be reported by companies
Subcarrier spacing, kHz
15 for FR1, optional: 120 kHz for FR2
Number of satellite in view
1 for single satellite case,
Orbit inclination
To be reported by companies
UE type
Handheld terminal, Optional: VSAT
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)
To be reported
Reference Signal Physical Structure and Resource Allocation (RE pattern)
To be reported
RS type of sequence/number of ports
To be reported
Number of symbols used per occasion
To be reported
number of occasions used per positioning estimate
To be reported
Time window for measurement collection
To be reported
Interference modelling (ideal muting, or other)
To be reported 
Reference Signal Transmission Bandwidth
To be reported 
Reference point for timing measurement
Satellite
Description of positioning technique / applied positioning algorithm 
To be reported
UE speed
3km/h
Maximum timing measurement error
To be reported
Performance metrics
Horizontal accuracy (UE 2D position accuracy)
Additional notes, if any
Note 1: Time-related measurements can be performed via other downlink and uplink signals than PRS and SRS
 
Note 2: The corresponding link budget should also be reported and the verification procedure should be done within the restriction of minimum elevation angle for service, e.g., 30 degree for LEO



In this contribution, we provide the evaluations on DL-TDOA based approach, UL-TDoA based approach and Multi-RTT based approach for UE location verification in single-satellite scenario, and provide discussions on network-verified UE location for NR NTN. 

UE location verification based on single satellite
In this section, detailed simulation results of horizontal CDF errors are provided under the agreed percentile points for single-satellite based positioning. Simulation assumptions for both DL-TDOA positioning and Multi-RTT positioning are given in Table 7 of Appendix A.1. Parameters related to PRS, SRS, and CSI-RS are configured according to [3].
System level evaluation is used to evaluate the performance of UE location verification, in which UEs are uniformly dropped in an area, where the longitude and latitude span of the area make sure that elevation angles of UEs during the movement of the satellite are within the restriction of minimum elevation angle 30 degree. The distribution of elevation angles of all UEs are shown in Figure 1. It can be observed that the minimum elevation angle among the UEs is 30 degree in this evaluation, therefore, the evaluated area and satellite settings have already covered all the CNR values from the link budget requirement of the agreed evaluation scenario.

[image: ]
[bookmark: _Ref115440849]Figure 1 Elevation angles of UEs during the movement of satellite.
DL-TDOA and UL-TDOA based UE location verification
In this subsection, time-related measurements in DL-TDOA are performed via PRS under different time intervals, i.e., 2s, 4s, 6s, 8s, and the corresponding parameters are presented in Table 8. Simulation results of the horizontal error obtained via 3 RSTDs (4 measurements) and 4 RSTDs (5 measurements), under different time intervals are shown in Table 1 and Table 2, respectively. 

[bookmark: _Ref114765768]Table 1 Horizontal error of DL-TDOA via PRS with 3 RSTDs (which corresponds to 4 measurement occasions)
	
	
	50%
	67%
	80%
	90%
	95%

	
Horizontal error (km)
	2
	10.23
	21.21
	47.46
	191.77
	328.51

	
	4
	0
	2.49
	11.95
	88.22
	247.69

	
	6
	0
	0
	1.57
	16.45
	122.68

	
	8
	0
	0
	0
	2.48
	30.90



[bookmark: _Ref114765779]Table 2 Horizontal error of DL-TDOA via PRS with 4 RSTDs (which corresponds to 5 measurement occasions)
	
	
	50%
	67%
	80%
	90%
	95%

	
Horizontal error (km)
	2
	4.70
	11.98
	32.08
	161.14
	319.61

	
	4
	0
	0
	2.48
	29.32
	155.86

	
	6
	0
	0
	0
	2.48
	31.70

	
	8
	0
	0
	0
	0
	4.00



For PRS-based DL-TDOA positioning, it is observed that the horizontal error decreases with the increasing of the time interval. As discussed in [4], although a larger time interval causes larger delay for UE location verification, it brings distinguishable measurements such that positioning accuracy can be improved. By comparing Table 1 and Table 2, it is also found that the positioning error decreases with the increasing number of measurements. It should be noticed that for N RSTD measurements, it corresponds to N+1 measurement occasions. Furthermore, with the accuracy requirement of 5-10 km as proposed in [5], DL-TDOA can meet the horizontal position accuracy requirement (< 10km) for 90% of UEs under the time interval of 8s with 3 RSTDs (which corresponds to a latency of 8*(3+1)=32 seconds) or 6s with 4 RSTDs (which corresponds to a latency of 6*(4+1)=30 seconds).
Observation 1: With DL-TDOA positioning, the horizontal error decreases with the increasing of the time interval and the number of measurements. 
Observation 2: With DL-TDOA positioning, the positioning accuracy of less than 10km @90% UEs can be achieved under the time interval of 8s with 3 RSTDs (which corresponds to a latency of 32 seconds) or 6s with 4 RSTDs (which corresponds to a latency of 30 seconds).
As for single-satellite based UL-TDOA positioning, it is not directly feasible as TA is autonomously updated by UE via an open loop mechanism, where the value is calculated with GNSS-based UE location and can’t be known by the network, as pointed out in [4]. Even though the pre-compensation of a fixed TA is possible on the UE side to enable the measurements of UL-RTOAs, the remaining TA could exceed the CP length, leading to timing misalignment especially in uplink transmissions. 
Observation 3: UL-TDOA positioning is not suitable in verification of UE reported location due to the open-loop TA update on UE, meanwhile even if the pre-compensated TA is fixed on UE in order to enable UL-TDOA based location verification, the remaining TA of UE could exceed the CP length and lead to timing misalignment in uplink transmissions. 

Multi-RTT positioning
In this subsection, simulation results of Multi-RTT positioning, based on PRS and SRS, are presented via making use of Rx-Tx measurements to determine RTTs. Specifically, as shown in Figure 2, the UE measures the time difference (Rx-Tx) between the DL reception of PRS and UL transmission of SRS from the same satellite at different time occasions, which corresponds to different locations of the same satellite, while the corresponding Tx-Rx time difference at the satellite are also measured by gNB at different time occasions. RTTs are calculated based on UE/gNB Rx-Tx time difference measurements such that the location of UE can be estimated. Parameters of PRS are the same as the previous subsection, while parameters of SRS are provided and can be found in Table 9. Simulation results of the horizontal error obtained via 3 RTTs and 4 RTTs are summarized in Table 3 and Table 4, respectively.[bookmark: _Ref115360938]Figure 2 Visualization of Multi-RTT positioning
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[bookmark: _Ref115095505]Table 3 Horizontal error of Multi-RTT with 3 RTTs (which corresponds to 3 measurement occasions)
	
	
	50%
	67%
	80%
	90%
	95%

	
Horizontal error (km)
	2
	0
	0
	7.84
	54.86
	178.34

	
	4
	0
	0
	0
	15.69
	87.68

	
	6
	0
	0
	0
	5.56
	47.75

	
	8
	0
	0
	0
	0
	27.72



[bookmark: _Ref115095507]Table 4 Horizontal error of Multi-RTT with 4 RTTs (which corresponds to 4 measurement occasions)
	
	
	50%
	67%
	80%
	90%
	95%

	
Horizontal error (km)
	2
	0
	0
	0
	27.75
	111.80

	
	4
	0
	0
	0
	5.56
	47.70

	
	6
	0
	0
	0
	0
	20.00

	
	8
	0
	0
	0
	0
	7.84



Although Multi-RTT positioning and DL-TDOA positioning follow a similar trend in terms of horizontal error, which gradually decreases with the increasing of time interval, the performance of the Multi-RTT based verification mechanism outperforms the DL-TDOA based solution. The reason is that for two closely located UEs, the difference between their respective DL-RSTDs is usually smaller than that between their respective RTTs such that a large time interval is generally required to bring distinguishable RSTDs to locate an area. 
Observation 4: Multi-RTT positioning outperforms DL-TDOA positioning, and its performance improves with increment of time interval between two measurements.
It is also observed that with Multi-RTT based approach, the positioning accuracy of 10 km for 90% of UEs can be achieved under a shorter latency, which is three times of the time interval of 6s to obtain 3 RTT measurements, or four times of the time interval of 4s to obtain 4 RTT measurements
Observation 5: With Multi-RTT positioning, the positioning accuracy of less than 10km @90% UEs can be achieved by 3 RTT measurements with time intervals of 6s (which corresponds to a latency of 18seconds) or 4 RTT measurements with time interval of 4s (which corresponds to a latency of 16seconds). 

UE location verification by using CSI-RS
In the previous two subsections, time-related measurements in UE location verification are performed via positioning reference signals, i.e., PRS and SRS, while these measurements can also be performed via existing deployed downlink and uplink signals, e.g. CSI-RS, due to the relaxed requirement of positioning accuracy. In the following, we evaluate the performance of CSI-RS based DL-TDOA positioning, and the corresponding parameters are presented in Table 10. Simulation results of the horizontal error obtained via 3 RSTDs (4 measurements) and 4 RSTDs (5 measurements), under different time intervals are shown in Table 5 and Table 6, respectively. 
[bookmark: _Ref114766289]Table 5 Horizontal error of DL-TDOA via CSI-RS with 3 RSTDs (4 measurements)
	
	
	50%
	67%
	80%
	90%
	95%

	
Horizontal error (km)
	2
	9.93
	18.89
	56.74
	185.20
	353.41

	
	4
	0
	2.48
	12.82
	91.68
	195.64

	
	6
	0
	0
	0
	16.62
	92.66

	
	8
	0
	0
	0
	1.57
	13.60



[bookmark: _Ref114766291]Table 6 Horizontal error of DL-TDOA via CSI-RS with 4 RSTDs (5 measurements)
	
	
	50%
	67%
	80%
	90%
	95%

	
Horizontal error (km)
	2
	3.13
	10.23
	26.00
	144.14
	243.75

	
	4
	0
	0
	2.81
	40.42
	135.63

	
	6
	0
	0
	0
	1.57
	15.27

	
	8
	0
	0
	0
	0
	5.54



By comparing Table 5 and Table 6 with Table 1 and Table 2, it is observed that the performance of CSI-RS-based DL-TDOA is slightly better than that of PRS-based DL-TDOA. And a similar performance as Table 3 and Table 4 can also be expected when replacing PRS with CSI-RS in Multi-RTT positioning, in which the details are omitted for brevity. This further validates that the time-related measurements can be performed via existing reference signals, e.g., SSB, CSI-RS, TRS, such that the resource overhead due to UE location verification can be avoided/minimized, as well as better power consumption performance considering the reception time at the UE side is not increased if existing signal is used for measurement.

Observation 6: Reusing the existing reference signal (e.g. CSI-RS) for DL-TDOA and multi-RTT can meet the requirement of UE location verification. 
Proposal 1: Support reuse the existing reference signal (e.g. CSI-RS) for DL-TDOA and multi-RTT to minimize the resource overhead and UE power consumption due to UE location verification.


Conclusion
In this contribution, simulation results and discussion about network-verified UE location in single-satellite scenario are provided. The observations and proposals are summarized in the following. 
Observation 1: With DL-TDOA positioning, the horizontal error decreases with the increasing of the time interval and the number of measurements. 
Observation 2: With DL-TDOA positioning, the positioning accuracy of less than 10km @90% UEs can be achieved under the time interval of 8s with 3 RSTDs (which corresponds to a latency of 32 seconds) or 6s with 4 RSTDs (which corresponds to a latency of 30 seconds).
Observation 3: UL-TDOA positioning is not suitable in verification of UE reported location due to the open-loop TA update on UE, meanwhile even if the pre-compensated TA is fixed on UE in order to enable UL-TDOA based location verification, the remaining TA of UE could exceed the CP length and lead to timing misalignment in uplink transmissions. 
Observation 4: Multi-RTT positioning outperforms DL-TDOA positioning, and its performance improves with increment of time interval between two measurements.
Observation 5: With Multi-RTT positioning, the positioning accuracy of less than 10km @90% UEs can be achieved by 3 RTT measurements with time intervals of 6s (which corresponds to a latency of 18seconds) or 4 RTT measurements with time interval of 4s (which corresponds to a latency of 16seconds). 
Observation 6: Reusing the existing reference signal (e.g. CSI-RS) for DL-TDOA and multi-RTT can meet the requirement of UE location verification. 
Proposal 1: Support reuse the existing reference signal (e.g. CSI-RS) for DL-TDOA and multi-RTT to minimize the resource overhead and UE power consumption due to UE location verification.
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Appendix A: Evaluation Results
A.1 Common parameters
[bookmark: _Ref114765706]Table 7 Common simulation assumption
	Parameter
	Description/Value

	Scenarios 
	Rural, LOS

	Satellite Orbit
	600km

	Satellite parameters
	Reuse Set-1satellite parameters as in table 6.1.1.1-1/2 of TR38.821 

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

	FR/Carrier frequency
	FR1: 2GHz, S-band (n256).

	BW
	DL: 4.5MHz, UL: 2.88 MHz

	Subcarrier spacing, kHz
	15 for FR1

	Number of satellite in view
	1 for single satellite case,

	Orbit inclination
	90

	Satellite location at 
	

	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

	Interference modelling (ideal muting, or other)
	Ideal muting

	Delay between symbol boundary and first path
	DL: Uniform in [0,500]ns

	Network synchronization
	Truncated Gaussian distribution with zero mean and standard deviation of T1 ns, with truncation of the distribution to the [-T2, T2] range, and with T2=2*T1. T1 = 50ns [2].

	UE/gNB Tx/Rx calibration error
	Truncated Gaussian distribution with zero mean and standard deviation of T1 ns, with truncation of the distribution to the [-T2, T2] range, and with T2=2*T1. 
gNB Rx/Tx Time error T1 = 1.4ns
UE Rx/Tx Time error T1 = 5.6ns

	Reference point for timing measurement
	Satellite

	UE speed
	3km/h

	Performance metrics
	Horizontal accuracy (UE 2D position accuracy)



[bookmark: _Ref114654122]A.2 Simulations for DL-TDOA positioning
[bookmark: _Ref114765738]Table 8 PRS simulation assumption
	Parameter
	Description/Value

	Positioning signals 
	PRS

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	DL: Comb-2

	RS type of sequence/number of ports
	Gold / 1

	Number of symbols used per occasion
	6

	Number of occasions used per positioning estimate
	1

	Reference Signal Transmission Bandwidth
	1.8 MHz 

	PRS configuration
	PRS positions defined in Table 7.4.1.7.3-1 with  and  in [3]



[image: ]
Figure 3 CDF of horizontal error for DL-TDOA via PRS with 3 RSTDs. 

[image: ]
Figure 4 CDF of horizontal error for DL-TDOA via PRS with 4 RSTDs. 

A.3 Simulations for Multi-RTT positioning
[bookmark: _Ref115095474]Table 9 SRS simulation assumption
	Parameter
	Description/Value

	Positioning signals (Note 1)
	SRS 

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	UL: Comb-2

	RS type of sequence/number of ports
	ZC / 1

	Number of symbols used per occasion
	1

	number of occasions used per positioning estimate
	1

	Reference Signal Transmission Bandwidth
	2.88 MHz 

	SRS configuration
	SRS positions defined in Table 6.4.1.4.3-1 and Table 6.4.1.1.3-2 with , , , , and  in [3]



[image: ]
Figure 5 CDF of horizontal error for Multi-RTT with 3 RTTs.
[image: ]
Figure 6 CDF of horizontal error for Multi-RTT with 4 RTTs.

A.4 Simulations for DL-TDOA positioning based on CSI-RS
[bookmark: _Ref115095731]Table 10 CSI-RS simulation assumption
	Parameter
	Description/Value

	Positioning signals 
	CSI-RS

	RS type of sequence/number of ports
	Gold / 1

	Number of symbols used per occasion
	1

	Number of occasions used per positioning estimate
	1

	Reference Signal Transmission Bandwidth
	4.5 MHz

	CSI-RS configuration
	CSI-RS positions defined in Table 7.4.1.5.3-1 and Table 7.4.1.5.3-2 with , , and  in [3]



[image: ]
Figure 7 CDF of horizontal error for DL-TDOA via CSI-RS with 3 RSTDs.
[image: ]
Figure 8 CDF of horizontal error for DL-DOA via CSI-RS with 4 RSTDs. 
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