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Introduction
A study item on requirements and use cases for network verified UE location in NTN was agreed in RAN#95e and updated in RAN#96 [1]. As discussed in [2], it is believed that relying on the GNSS report from UE alone is not reliable and schemes that combine both GNSS reports and network based solution can improve the reliability. 
Some consensuses were reached among the participants of the discussions on network verified UE location in RAN#96. In particular, the following were agreed among participating companies [3]:
· The targeted verification accuracy should be sufficient to support country discrimination
· A verification accuracy equivalent to terrestrial network’s macro cell size (i.e. 5 to 10 km granularity) is considered to be sufficient for all use cases
· the study in [RAN2,RAN1,RAN3], which will evaluate and specify solutions for the network to verify UE reported location information, will consider the following assumptions:
· Single satellite in view by the UE at a time
· Multi satellite in view by the UE may be considered if time allow
· At least when the UE is attached to the network (so that its context is acquired by the network)
In this contribution, we discuss several network-based solutions for location verification and their feasibility of verifying the country of the location of a UE in both single-satellite and multi-satellite cases. We also demonstrate that the multi-satellite case has a broader application than the single-satellite case and should be considered as the same priority as the single-satellite case.
[bookmark: _Ref473802466][bookmark: _Ref462669569]Number of satellites for location verification
Depending on the number of satellites in the view, different solutions for network verification of location may be needed. Hence, it is important to determine which or both the single and multi-satellite cases are to be supported. 
When there is only one satellite in the view, it is possible to perform network verification if the satellite is moving fast, e.g., LEO, as will be discussed in the next section. However, if the satellite does not move such as a GSO, there will be a very large ambiguity area even we assume that the network knows the attitude of the UE and the distance to the UE with a certain accuracy, as shown in Figure 1. The uncertainty area, i.e., the shaded band in the figure, can have a diameter of a few hundred to a few thousand kilometers. Hence, multiple GSO satellites are needed to verify the UE location.
Observation 1: Single satellite can be used to verify the UE location only if the satellite moves fast enough, e.g., a LEO satellite.


Figure 1. Uncertainty area of a UE location assuming that the UE altitude is known and the distance between the UE and the satellite is known up to a certain accuracy. 
When the DL signal of a satellite can be received by a UE, measurements of the signal can be performed and reported to the network through another satellite closer to the UE. Due to the large imbalance between DL and UL link budget for handheld devices, a satellite that does not support the connection of a UE can still be used for the verification of the UE location. For a LEO constellation designed to support a minimal elevation angle greater than or equal to 30 degrees, there will always be multiple satellites in the view of any location on the earth. To illustrate more, we consider a near-polar constellation designed to have the minimal number of satellites to support a minimum of 300 elevation angle: 338 satellites over 13 orbital planes at 780 km height with 870 inclination angle. With such a constellation and randomly picking a location on earth at a random time, the probabilities of seeing a certain number of satellites with elevation angle greater than 100, 200 and 300 , respectively, are provided in Figure 2.  The probability of seeing 2 or more satellites with elevation angle greater than 300 is more than 60% whereas the probability of seeing 3 or more satellites with elevation angle greater than 200 is more than 90%. For locations in an open area such as in a plain, an elevation angle of 100 is typically sufficient to provide LOS connection and at least 4 satellites are in the view.  Hence we have the following observation.
Observation 2: With a constellation that provides global coverage with a minimum elevation angle 30 degrees or more, a UE in an open area can certainly receive from multiple satellites. 
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Figure 2.  Probability of a number of satellites with elevation angles greater than X on earth assuming a constellation with minimal elevation angle 30 degrees over the globe: 780 km orbit height, 87-degree inclination angle, 338 satellites over 12 orbital planes.
For location verification, an involved satellite must be able to steer a beam to cover the locations of interest, which may not be in the regular service area of the satellite. That is, satellites may have to have spare beams for PRS for location verification. To serve the very large area surrounding the regular service area of a satellite, steerable beams may be required.  From this point of view, verification of UE location through a single satellite should also be supported.
Location verification 
Any network-based positioning techniques (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.  In addition, solutions considered in Rel-17 are preferred to be extensible for future location services. 

[bookmark: _Hlk97566842]Proposal 1: 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. 

Below we provide some simulation results for both single and multiple-satellite cases. Since for the single satellite case, multiple measurements over a long period of time, e.g., up to 64 s, is required to provide verification accuracy around 4 or 5 km [4], we only consider RTT for single satellite case. For multi-satellite case, we consider RTT for the serving satellite and DTOA for the other satellites. 

RTT measurement can be done in NTN by UE transmitting an UL reference signal followed by a report of the total TA applied to the reference signal. The network determines the RTT as the sum of the reported total TA and the timing error of the UL reference signal, i.e., RTT=Te+TA, as shown in the figure below.



Figure 3. RTT determination in NTN.


Timing measurement error

We first collect timing measurement error statistics. The simulation parameters are given in Table 1 and timing error results are given in Table 2.
 
Table 1. Simulation parameters for timing measurement errors.
	Parameter
	Description/Value

	Channel model (baseline, otherwise state any modifications)
	38.811
LEO-600, S band, Set-1, Rural LOS

	Carrier frequency
	2 GHz

	Subcarrier spacing
	15 kHz

	Reference Signal Transmission Bandwidth
	DL: 10 MHz
UL: 10 MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	DL: Comb-1
UL: Comb-1

	Reference signal (type of sequence, number of ports, …)
	DL: PRS, Gold, 1-port
UL: SRS, ZC, 1-port

	Number of symbols used per occasion
	DL: 1
UL: 12

	Interference modelling (ideal muting, or other)
	Ideal muting

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




Table 2. Timing measurement error for DL(PRS) and UL (SRS).
	Peak detection error
ns
	PRS
	SRS

	Elevation Angle(deg)
	50 percentile
	90 percentile
	95 percentile
	50 percentile
	90 percentile
	95 percentile

	80-90
	0.80
	3.6
	4.87
	1.57
	9.71
	17.48

	70-80
	0.80
	4.50
	6.52
	1.61
	8.56
	16.69

	60-70
	1.07
	4.50
	5.14
	1.61
	7.17
	21.30

	50-60
	1.07
	3.11
	5.14
	1.20
	5.27
	11.00

	40-50
	0.83
	3.23
	4.12
	1.20
	5.27
	8.19

	30-40
	1.13
	2.09
	3.16
	1.13
	4.97
	6.04



Note that measurement performance improves as elevation angle decreases despite that pathloss increases. This is because the mean K-factor in Rural LOS for S-band decreases with elevation angle. It can also be seen from the table that the worst 95-percentile timing measurement error is 17recored.48 ns that occurs in the UL with 90-degree elevation angle. 
Single-satellite case
Below we consider the error in determining the 2-D UE location assuming UE altitude is known to the network. For the evaluation, we consider a max RTT timing measurement error of 50 ns,  larger than the 17.48 ns recorded above, to accommodate additional loss such as interference, additional implementation loss, etc.  
The simulation assumptions are given in the Table below.
Table 3. Simulation assumptions for single-satellite case.
	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	RTT – Single Sat

	RTT max error
	50ns

	Number of measurement occasions
	3

	Time of measurement occasions
	-x,0,x -> x=4s

	Satellite location at t = 0
	0N 0E

	Satellite orbit
	90 degree inclination

	Earth rotation
	Ignored(Negligible compared to satellite motion)

	UE altitude
	0 m (Surface of earth) and known



For a given UE location and an RTT error bound, the UE location can be bounded in an area. Since the satellite is moving north-south direction, the maximal uncertainty occurs in the east-west direction as shown in the figures below. 
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[bookmark: _Hlk111193739]Figure 4. Maximal location error along NS direction as a function of UE location: satellite position assumed at latitude 0 and longitude 0 at t=0.
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Figure 5.  Maximal location error along EW direction as a function of UE location. 95-percentile error is 3 km and the maximal error is 20 km. 


In the above figure, white regions correspond to locations where minimum elevation angle is below 30 degrees, i.e., not served by the satellite under consideration; black regions correspond to locations where max error is greater than 2km, which occur right below the satellite orbit. 
 
Multi-satellite case
For multi-satellite case, we consider a  3-satellite case where UE reports TA to the serving cell so that the RTT of the serving satellite can be measured and also reports the TDOAs of two neighbor satellites with respect to the serving satellite. 
	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	RTT with Serving Sat + TDOA of neighbor satellite wrt Serving Sat
Single Instant

	Max error
	RTT: 200ns, TDOA:100ns

	Serving Satellite location
	0N 0E

	Neighbor Satellite 1
	0N 8E

	Neighbor Satellite 2
	6N 4E

	UE altitude
	0m(Surface of earth) and known




With the above assumptions, the maximal error along the NS direction and along the EW direction are given in the figures below.
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Figure 6. Maximal location error along EW direction as a function of UE location with 3 satellites.
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Figure 7. Maximal location error along EW direction as a function of UE location with 3 satellites.

As can be seen from the above figures, with 3 satellites a UE location can be determined with about 100 m uncertainty along latitude or longitude.

Discussions
From the results reported in the last section, we have the following observations:
Observation 3: It is feasible to achieve verification accuracy of 5 to 10 km with both single and multiple satellites.
· For single satellite with RTT measurements, a measurement window up to a few seconds may be required. 
	
Based on Observations 1 and 2 and considering that multiple satellites provide much better accuracy without the need long verification delay, location verification with multiple satellites should be considered in Rel-17.

[bookmark: _Hlk111196349]Proposal 2: For network verification of UE location, cases involving single satellite and multiple satellites are both considered in Rel-18. 

Conclusions
In this contribution, we have discussed the number of satellites that can be used in location verification. We also provided simulation results for single-satellite and multiple satellite cases. Observations and proposals are summarized below.
Observation 1: Single satellite can be used to verify the UE location only if the satellite moves fast enough, e.g., a LEO satellite.
Observation 2: With a constellation that provides global coverage with minimum elevation angle 30 degrees or more, a UE in an open area can certainly receive from multiple satellites. 
Observation 3: It is feasible to achieve  verification accuracy of 5 to 10 km with both single and multiple satellites.
· For single satellite with RTT measurements, a measurement window up to a few seconds may be required. 

Proposal 1: 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. 
Proposal 2: For network verification of UE location, cases involving single satellite and multiple satellites are both considered in Rel-18. 
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