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Introduction
In RAN1#110 the evaluation methodology for network verified UE location for NR NTN was discussed. Accordingly, the set of simulation parameters for the evaluation of RAT dependent positioning methods were agreed as given in Appendix  I. This paper provides some evaluation results based on the agreed parameters and then discusses the network-verified UE location. 

Discussion
In RAN1#110, for the evaluation of the RAT dependent positioning, it was decided to focus on single-satellite case, where there is only one satellite in the view of the UE at a given time.  The concept of the multi-RTT computation performed with only a single satellite in NR NTN context is shown in Figure 1. The RTT measurements (corresponding to the round trip time on the service link) can be repeated in different instants, and from different positions on the satellite orbit. From the satellite viewpoint,  every measured RTT will correspond to a circle on the ground. Different measurements of RTT will describe different circles with different diameters.  Depending on the horizontal distance between the UE and the satellite’s nadir the circle diameter could increase or decrease with a different center that is the satellite’s nadir. The intersection of all the circles will point at the UE location if UE’s movement is negligible during the multiple RTT measurements. In practice, however, there are some errors in RTT measurements.  Therefore, every measured RTT will appear as a ring (as opposed to a circle) as shown in the figure. The width of the ring corresponds to the RTT measurement error.  The larger the error, the wider the ring.  


[bookmark: _Ref114469200]Figure 1. Single satellite RTT measurement


In Figure 1, it is assumed that three RTT measurements are performed at times t1, t2, and t3. As seen, since the centers of the circles/rings correspond to the location of a satellite that is moving in a straight path, all circles/rings always intersect in two points that are mirror image of each other relative to the satellite’s orbital plane.  The distance between those two mirror image points depends on the horizontal distance between the UE and the satellites orbital plane. This distance, depending on the satellite beam/cell size, could be up to tens of kilometers.  This is because according to 38.821 [1] Tables 6.1.1.1‑1 and 6.1.1.1‑2, in S-band the typical beam diameter for LEO-600 is 50km and 90km, and for LEO-1200 is 90km and 190km, for Set-1 and Set-2, respectively.  It is worthwhile to mention that these values for beam diameter refers to the nadir pointing of the satellite.  For non-nadir beams the beam diameter would be even much larger.   
Please notice that the mirror image ambiguity will exist for UEs that are located in the beams/cells that are underneath the satellite’s orbital path (cells/beams crossing the orbital plane) as shown in Figure 2. In the figure, UEs that are located in blue beams will have the mirror image ambiguity.  And UEs that are located in green beams won’t have mirror image ambiguity, because in such a case network can resolve the ambiguity by the fact that the beam is steered to the east or west.  


[bookmark: _Ref115353213]Figure 2. Beams/cells underneath satellite’s orbital path suffer from mirror image ambiguity 

The ambiguity of the mirror image position for UEs that are located in the beams/cells that are underneath the satellite’s orbital path cannot be resolved using RTT or any other time based RAT dependent method.  
Observation 1:  The ambiguity of the mirror image position cannot be resolved using RTT or any other time based RAT dependent method.  
To cope with this, one alternative is that the network receives GNSS coarse location and time from the UE to compare it to the UE location calculated by the RAT dependent positioning method.  However, in 38.882 [2] it is explicitly mentioned that the UE reported location information  (for example determined with its GNSS receiver) could be erroneous due to intentional causes, for example maliciously tampering by user or by 3rd party, hence it cannot be considered trusted by network operator and relying only on the GNSS based location information reported by the UE is not considered reliable. 
The other alternative is wait for some time such that due to the satellite movement the blue beam UEs with mirror image go through beam/cell switching and move to green beams/cells. Then the ambiguity can be resolved.  However, this will significantly and prohibitively increase the latency of measurements. Moreover, this alternative only works for earth moving cell scenarios.  
The third alternative to resolve the mirror image ambiguity is gNB measures the UL angle of arrival, in case SRS is used for RTT measurement, or use beamforming for DL-PRS, in case PRS is used for RTT measurement. Please notice that the mirror image ambiguity, as shown in Figure 1, can be resolved simply by assessing whether the UE located at the right hand side (East) or the left hand side (West) of the satellite orbital plane.  Therefore, an extremely low resolution DL-PRS beamforming or UL angle of arrival determination would be sufficient.      
Proposal 1:  The ambiguity of the mirror image position is resolved by very low resolution DL-PRS beamforming or UL angle of arrival determination.  
Proposal 2:  Study low resolution DL-PRS and low resolution UL angle of arrival determination to decide which one offers a more efficient solution for the ambiguity of the mirror image position.  

Evaluation results
Assuming that the network is able to resolve the mirror image position ambiguity, we present some evaluation results for the position estimation error when a single satellite performs three measurements.  Table 1 shows the evaluation assumption parameters.   
[bookmark: _Ref114474304]Table 1. Evaluation assumption for RAT dependent positioning
	Parameter
	Description/Value

	Satellite Orbit
	600km, 1200km

	Number of satellite in view
	1 for single satellite case

	number of occasions used per positioning estimate
	3

	Minimum Elevation angle
	30 degrees

	Time window for measurement collection
	20s, 40s, 60s

	Reference point for timing measurement
	Satellite

	UE speed
	3km/h

	Maximum timing measurement error
	30ns, 50ns, 100ns, 200ns

	Performance metrics
	Horizontal accuracy (UE 2D position accuracy)



The positioning algorithm is based on the estimation of the centroid of the curved triangle that is shaped from the intersection of the three circles according to RTT measurements (Figure 3).  In the majority of cases the three circles intersect each other in three points that form a curved triangle shape.  In some cases two or all three circles may not intersect.  In any case a point with a minimum sum of Euclidean distance from the three circles is chosen as the estimated UE’s location. 


[bookmark: _Ref114664029]Figure 3. Triangle shaping and position estimation
Tables 2, 3, 4, and 5 show the results for horizontal location estimation accuracy for different cases.  The CDF for collected data is calculated and 95th percentile and 50th percentile are reported, respectively.  During the simulation, it is made sure that all RTT measurements are performed under the condition that the elevation angle is always larger than 30 degrees. In these tables “measurement period” refers to the time space between two consecutive measurements, and “window for measurement” refers to the total time needed to complete as many as required measurements.  For example if we perform 3 measurements with the measurement period of 10s, it means that total time needed to perform 3 measurement will be 20s, that is “window for measurement” is 20s. 
Table 2. Accuracy of horizontal position estimation (95th percentile), LEO-600
	
	Measurement period
	5s
	10s
	20s
	30s

	
	Window for measurement
	10s
	20s
	40s
	60s

	Max measurement error
	30ns
	466m
	202m
	85m
	46m

	
	50ns
	807m
	351m
	145m
	81m

	
	100ns
	1544m
	653m
	276m
	157m

	
	200ns
	3004m
	1352m
	557m
	310m



Table 3. Accuracy of horizontal position estimation (50th percentile); LEO-600
	
	Measurement period
	5s
	10s
	20s
	30s

	
	Window for measurement
	10s
	20s
	40s
	60s

	Max measurement error
	30ns
	49m
	23m
	10m
	7m

	
	50ns
	81m
	39m
	17m
	12m

	
	100ns
	162m
	77m
	35m
	24m

	
	200ns
	323m
	156m
	73m
	47m



Table 4. Accuracy of horizontal position estimation (95th percentile), LEO-1200
	
	Measurement period
	5s
	10s
	20s
	30s

	
	Window for measurement
	10s
	20s
	40s
	60s

	Max measurement error
	30ns
	1053m
	507m
	219m
	138m

	
	50ns
	1675m
	841m
	381m
	223m

	
	100ns
	3112m
	1679m
	736m
	419m

	
	200ns
	6800m
	3135m
	1457m
	886m



Table 5. Accuracy of horizontal position estimation (50th percentile); LEO-1200
	
	Measurement period
	5s
	10s
	20s
	30s

	
	Window for measurement
	10s
	20s
	40s
	60s

	Max measurement error
	30ns
	106m
	51m
	23m
	16m

	
	50ns
	176m
	87m
	40m
	26m

	
	100ns
	348m
	174m
	81m
	51m

	
	200ns
	657m
	337m
	160m
	107m



In TR 38.882 [2] it is mentioned that “The UE location information for the study is considered verified if the reported UE location is consistent with the network based assessment to within 5-10 km.”  As shown above, for a single satellite scenario (if the mirror image issue is resolved) the accuracy of the RTT method will be satisfactory for the network verified requirements demanded by TR 38.882, even for the windows of measurement as short as 10s, and measurement errors as large as 200ns.  
Proposal 3:  Single-satellite multi-RTT positioning method can be used for UE location verification for LEO constellation. The RTT measurements are performed by the same satellite at different time instances.
[bookmark: _Hlk74145913]
Conclusions
This contribution discusses evaluation results for network-verified UE location and makes the following observations and proposals:

Observation 1:  The ambiguity of the mirror image position cannot be resolved using RTT or any other time based RAT dependent method.

Proposal 1:  The ambiguity of the mirror image position is resolved by very low resolution DL-PRS beamforming or UL angle of arrival determination.  
Proposal 2:  Study low resolution DL-PRS and low resolution UL angle of arrival determination to decide which one offers a more efficient solution for the ambiguity of the mirror image position.

Proposal 3: Single-satellite multi-RTT positioning method can be used for UE location verification for LEO constellation. The RTT measurements are performed by the same satellite at different time instances.
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Appendix 
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, [3] for multi-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
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