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Introduction
[bookmark: _Ref473802466][bookmark: _Ref462669569]One objective of Rel-18 NTN enhancements is to identify needed specification support for network verified location in Rel-18 [1].  For this purpose, the following study has been agreed [1]: 

· Study detailed regulatory requirement for network-verified UE location, e.g. accuracy requirement (at RAN plenary, from RAN#95 to RAN#96). [RAN]
· Including further clarification on network verified UE location and its relationship to network-based positioning [RAN]
· [bookmark: _Hlk89953816]Study and evaluate, if needed, solutions for network to verify UE reported location information [RAN2,RAN1,RAN3]

This document includes discussion of regulatory requirements and solutions for network verification of UE location in NTN.

Country of UE Location
To meet regulatory requirements, an NTN network may need to enforce that the selected PLMN is allowed to operate in the country of the UE location. This would require the network to verify the UE location during Mobility Management and Session Management procedures [2]. In terrestrial networks, the coverage of a cell is typically a few kms or smaller and the UE location can be verified with an accuracy comparable to the cell coverage of the serving cell using CID and E-CID positioning techniques. In NTN, the coverage of a cell or a beam is typically much larger and hence CID and E-CID will likely not provide required accuracy for verifying the country of the UE location. 
Support of GNSS is required for a Rel-17 NTN UE. Although GNSS provides very good accuracy, it is vulnerable to spoofing and jamming. A GNSS report, when used by a 3GPP network to fulfill regulatory requirements, may need to be verified and authenticated by the network. 
From the above, NTN solutions to the verification of the country of the UE location may be needed. For Rel-18, we propose to at least consider network verification of the country of the UE location. 
[bookmark: _Hlk97545196]Proposal 1: For Rel-18, at least study, and evaluate if needed, solutions for network to verify the country of the UE location. 
For the verification of the country of the UE location, the required accuracy may have impacts on the choice of solution(s). 
Proposal 2: RAN to have further discussion on the required accuracy for verifying the country of the UE location. 
· As a baseline, consider an accuracy comparable to the size of a terrestrial cell (e.g. a few kms)

Positioning and Location Verification 
Any network-based positioning technique (RAT-based) can be used to verify the UE location. Positioning techniques used in terrestrial networks, such as DL-TDOA, TA report, RTT, multi-RTT, can be extended to NTN networks to provide UE location or verify the UE location report. Different location services may require different accuracies.  Regarding solutions for determining the country of the UE location, we have the following remarks:
· Solutions for determining the country of the UE location that are extensible for other location services are preferred.
· It may take a long time before a satellite constellation can have multiple satellites in the view of any location on earth.  Therefore, it is important to support network verified location through a single satellite. 

[bookmark: _Hlk97566842]Proposal 3: RAN1 and RAN2 to focus on adapting TN positioning techniques, such as DL-TDOA, UL-TDOA and RTT, for verification of the UE location using a single or multiple satellites. 

Network verification may not need to unambiguously determine the 3D position. For the purpose of determining the country of the UE location, altitude information may not be necessary. As such, at least 3 measurements are needed to determine the UE location but only two measurements may be sufficient to verify the country of the UE location. The latter can be done by assuming the UE report of altitude is accurate up to a certain accuracy and then verify the latitude and longitude coordinates. The map of the earth surface near the border of the country can also be used in the verification process. 

Preliminary evaluation results
In the following, we present the achievable accuracy of network verification assuming altitude in known, e.g., based on UE report, for single satellite and multiple satellites. 
Single Satellite Case
As the satellite orbits the earth, the relative position of the satellite changes for a fixed observer on the earth’s surface. By considering the satellite at different instances of time as virtual TRPs, many of the methods used in TN can be used with slight modifications. The feasibility of these methods still need to be studied.
The assumptions for this simulations are as follows :
	UE
	Location
	5N 2E

	Satellite
	Location at t = 0
	0N 0E

	
	Altitude
	1200km

	
	Orbit Inclination
	90 deg

	
	PRS Transmission times
	[-32s,0s,32s]





We evaluate two positioning methods under this scenario:

Method 1: The RTT is estimated at time -32s, 0s and 32s and used to estimate location

In Figure 1 we show a contour plot with the ambiguity resulting from RTT measurements in line with the evaluation assumptions. The area enclosed within the two red contour lines corresponds to the set of points around the UE which have RTT value within [-50ns,50ns] from the actual RTT value of the UE at t=-32s
Similarly green corresponds to that at t=0s and blue to that at t=32s

The points in the intersection of these three regions would be the estimated region for the location of the UE
Here we have a max error of 90m in the EW direction and 220m in the NS direction.

[image: ]
Figure 1 Contour plots for RTT – single satellite

Method 2: The UE measures time difference between the reception of PRS transmission from the same satellite over time (i.e., DL-TDOA)
UE computes TDOA_1 as the time between reception of PRS transmitted at t=-32s and t=0s and TDOA_2 as the time between reception of PRS transmitted at t=-32s and t=32s
In Figure 2, the area enclosed between the red contour lines correspond to locations whose TDOA_1 value is within [-10ns,10ns] from the actual TDOA_1 value of the UE. Similarly, the green corresponds to TDOA_2
Here we have a max error of 1800m in the EW direction and 180m in the NS direction. Note that the time error is chosen smaller than that in RTT case to obtain a reasonable sized region. Whether such small error can be achieved is to be further studied.
[image: ]
Figure 2 Contour plots for DL-TDOA
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Multi Satellite Case :
Under this scenario, we have 3 satellites as follows:

	UE
	Location
	0N 0E

	Satellites
	Sat 1 Location at t = 0
	15N 10E

	
	Sat 2 Location at t = 0
	15S 10E

	
	Sat 3 Location at t = 0
	0N 10W

	
	Altitude
	1200km

	
	Orbit Inclination
	90 deg

	
	PRS Transmission times
	[-32s,0s,32s]



We evaluate two positioning methods under this scenario:

Method 1 : The UE measures time difference between reception of PRS transmitted by different satellites at t=0s
Let RSTD_1 be the difference in reception time of PRS from satellite 1 and satellite 3 at t=0s and RSTD_2 correspond to satellite 2 and satellite 3
In Figure 3, the area enclosed within the two green contour lines correspond to the set of points around the UE which have RSTD_1 within [-100ns,100ns] interval around the actual RSTD_1 value of the UE. Similarly blue corresponds to RSTD_2

Here we have a max error of 25m in the EW direction and 40m in the NS direction.

[image: Chart
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Figure 3 Contour plots for multi-satellite DL-TDOA
Method 2: UE measures time difference between reception of PRS transmitted by same satellite over time (similar to method 1 of single satellite scenario) and combines it across satellites.
UE measures TDOA_1 as the difference in reception time of PRS transmitted at t=0s and t=32s from Satellite 1. Similarly TDOA_2 and TDOA_3 for Satellite 2 and 3 respectively.
In Figure 4, the red area corresponds to locations within 20ns error in TDOA_1. Similarly, green corresponds to TDOA_2 and Blue to TDOA_3.
Here we have a max error of 170m in the EW direction and 30m in the NS direction.

Note that the time error is chosen smaller than that in RTT case to obtain a reasonable sized region (20ns vs 100ns) The advantage of this method over Method 1 is that not all 3 satellites need to be in view at the same time as we do not use inter-satellite measurements.
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Figure 4 Contour plots for DL-TDOA based on 3 different satellites

Conclusions
We discussed regulatory requirements concerning the verification of the country of the UE location. In addition, we provided preliminary results on the achievable accuracy for determining the UE location with both single and multiple satellites in the view.  Our proposals are listed below:

Proposal 1: For Rel-18, at least study, and evaluate if needed, solutions for network to verify the country of the UE location. 

Proposal 2: RAN to have further discussion on the required accuracy for verifying the country of the UE location. 
· As a baseline, consider an accuracy comparable to the size of a terrestrial cell (e.g. a few kms)

Proposal 3: RAN1 and RAN2 to focus on adapting TN positioning techniques, such as DL-TDOA, UL-TDOA and RTT, for verification of the UE location using a single or multiple satellites. 
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