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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. RAN1#110bis-e continued discussions without any significant progress. This paper provides some more evaluation results for network-verified UE location based on the agreed parameters in RAN1#110 and also based on some discussions during RAN1#110-bis-e about additional simulations assumptions. 

Discussion 
In RAN1#110 it was decided to focus on single-satellite case for the evaluation of the RAT dependent NTN positioning. That means there is only one satellite in the view of the UE at a given time.  In [3] we explained the concept of multi-RTT using only a single satellite in NR NTN.  RTT is measured multiple times (for example 3 times at times t1, t2, and t3 as shown in Figure 1). From the satellite viewpoint,  every measured RTT will correspond to a circle on the ground.  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


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. 
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). A typical cell/beam arrangement is shown in Figure 2. In the figure, UEs that are located in blue beams will have the mirror image ambiguity.  UEs that are located in green beams won’t have mirror image ambiguity, because in such a case network can resolve the ambiguity by UE’s cell/beam ID.  


[bookmark: _Ref115353213]Figure 2. Beams/cells underneath the 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 issue, there are different alternatives as follows:
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. 
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.  
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’s orbital plane.  Therefore, a low resolution DL-PRS beamforming or UL angle of arrival determination would be sufficient.
Satellite arranges the cell/beam pattern in a such way that the whole cell/beam is always located in one side of the satellite’s orbital plane as shown in Figure 3.  In practice, since the cells/beams are overlapped to provide enough coverage all over the ground, there is still a region where some cells/beams, that are located exactly underneath the satellite’s orbital path, will be crossing the satellite’s orbital plane.  In this region the mirror image ambiguity will still exist.  Figure 3, shows this region that appears as a strip under the satellite’s orbital path. We refer to this region as ambiguity strip.  The width of the ambiguity strip for a hexagonal cell/beam arrangement is half the radius of the cell/beam.     


[bookmark: _Ref118198571]Figure 3. Beam/cell pattern is arranged to ensure no cells/beams is located directly underneath the satellite’s orbital path 
From the above we make the following observations:
Observation 2:  The ambiguity of the mirror image position can be resolved by very low resolution DL-PRS beamforming or UL angle of arrival determination.  
Observation 3:  Proper arrangement for cells/beams pattern can reduce the mirror image ambiguity region.  

Evaluation results
In this section we present evaluation results for the position estimation error when a single satellite performs three RTT measurements.  Table 1 shows the evaluation assumption parameters.   
[bookmark: _Ref114474304][bookmark: _Ref118209338]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

	Satellite 3dB Beamwidth
	4.4127 degrees

	Satellite beam diameter at nadir
	LEO-600: 46 km
	LEO-1200: 92 km

	Ambiguity strip
	LEO-600: 11.5 km
	LEO-1200: 23 km

	Time window for measurement collection
	10s, 20s, 40s

	Reference point for timing measurement
	Satellite

	UE speed
	3km/h

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

	Timing measurement error distribution
	Uniform

	Performance metrics
	Horizontal accuracy (UE 2D position accuracy)



In the simulation we assume that the network has arranged the cell/beam pattern as shown in Figure 3 to minimize the mirror image ambiguity region.  10,000 UEs are randomly dropped on ground with minimum elevation angle of 30 degrees.  Then three RTT measurements are performed and reported to the network.  RTT measurements are not perfectly accurate and are assumed to have some error.  We model the RTT measurement error as a uniformly distributed random variable with the maximum timing measurement error reported in Table 1.
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 4).  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. 
If the UE is located in the ambiguity strip, two points are estimated (UE’s location and the mirror image).  In this case one of the two point is selected randomly.  


[bookmark: _Ref114664029]Figure 4. Triangle shaping and position estimation

Tables 2 and 3 show the results for horizontal location estimation accuracy for different cases.  The CDF for collected data is calculated and 50th , 95th, 97th percentiles are reported, respectively.  During the simulation, it is assured that all RTT measurements are performed under the condition that the elevation angle is always greater than 30 degrees. 
In these tables “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 (Figure 5). 


[bookmark: _Ref118207774]Figure 5. Measurement strategy

Table 2. Accuracy of horizontal position estimation in meters, LEO-600
	
	Window for measurement
	10s
	20s
	40s

	
	Percentile
	50th
	95th
	97th
	50th
	95th
	97th
	50th
	95th
	97th

	Max measurement error
	30ns
	49
	484
	861
	23
	223
	372
	11
	94
	166

	
	50ns
	81
	827
	1410
	37
	344
	589
	18
	139
	238

	
	100ns
	162
	1486
	2345
	78
	703
	1149
	36
	312
	516

	
	200ns
	330
	3230
	4881
	161
	1360
	2192
	72
	557
	945




Table 3. Accuracy of horizontal position estimation in meters, LEO-1200
	
	Window for measurement
	10s
	20s
	40s

	
	Percentile
	50th
	95th
	97th
	50th
	95th
	97th
	50th
	95th
	97th

	Max measurement error
	30ns
	107
	1075
	1841
	51
	519
	845
	24
	217
	385

	
	50ns
	178
	1739
	2936
	86
	887
	1529
	39
	396
	615

	
	100ns
	356
	3762
	5636
	173
	1661
	2939
	81
	768
	1321

	
	200ns
	701
	6797
	10891
	332
	3245
	5276
	158
	1418
	2314




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 network arranges the cell/beam properly) 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.  From the above results we have the following proposal:
Proposal 1: 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.
As we mentioned,  for the results above we have made the assumption that the network selects cell/beam pattern similar to what that is shown in Figure 3.  However, if we want to give more freedom to the network designer in terms of cell/beam pattern design then from Observation 2 we suggest study angle-based positioning techniques, but only in combination with time-based techniques to provide complementary information to assist time-based techniques to resolve the possible mirror image issue.  
Proposal 2: RAN1 can further study angle-based positioning techniques only in combination with time-based positioning techniques in NR NTN.

Using TA for RTT measurement  
RTT measurement can be done through PRS and SRS configurations.  There is potentially another way to perform RTT measurement in NTN, and that is use measured TA by the UE and report it to the network.  In 38.882 [2] and in WID 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. 
Since the main tool for an NTN UE to calculate TA is its GNSS device, we think that using TA for RTT measurement is essentially equivalent to using GNSS receiver for determining UE’s location, and this is completely against the assumptions of the WID.  If we want to use TA for UE location verification, we may as well use the GNSS location information, which is more straightforward. But of course this would be against the WID.     
[bookmark: _GoBack]Observation 4: Since WID suggests UE reported GNSS information is not to be trusted, any information derived by the UE based on its GNSS (e.g. UE Specific TA, Doppler shift, Radial satellite velocity etc.) is considered as untrusted too.
[bookmark: _Hlk102684345][bookmark: _Hlk86407450]According to the WID[4], “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.” Since RAN1#111 meeting is the last meeting before RAN#98, it is important to make observations based on the evaluation results, and possibly conclusions, to be provided to RAN. 
Proposal 3: RAN1 work during RAN1#111 meeting focuses on making observations and conclusions based on the evaluation results that will be provided to RAN#98. 
[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. 
Observation 2:  The ambiguity of the mirror image position can be resolved by very low resolution DL-PRS beamforming or UL angle of arrival determination.  
Observation 3:  Proper arrangement for cells/beams pattern can reduce the mirror image ambiguity region.  
Observation 4: Since WID suggests UE reported GNSS information is not to be trusted, any information derived by the UE based on its GNSS (e.g. UE Specific TA, Doppler shift, Radial satellite velocity etc.) is considered as untrusted too.

Proposal 1: 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.
Proposal 2: RAN1 can further study angle-based positioning techniques only in combination with time-based positioning techniques in NR NTN.
Proposal 3: RAN1 work during RAN1#111 meeting focuses on making observations and conclusions based on the evaluation results that will be provided to RAN#98. 



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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