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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 RAN1#110bis-e, the following agreements were reached regarding network verified UE location [4]:
Agreement
Deprioritize the discussion on UE location verification during initial access.

Agreement
For the evaluation of time based positioning methods, further evaluation results taking into account satellite movement between TX and RX measurements should be provided.
· How this is characterised is also reported by companies

In this contribution, we discuss RTT measurements in NTN and present simulation results for both single and multiple 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: 512 satellites over 16 orbital planes at 600 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 99% whereas the probability of seeing 3 or more satellites with elevation angle greater than 200 is more than 98%. For locations in an open area, an elevation angle of 100 is typically sufficient to provide LOS connection and at least 5 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 the number of satellites with elevation angles greater than X on earth assuming a constellation with minimal elevation angle 30 degrees over the globe: 600 km orbit height, 87-degree inclination angle, 512 satellites over 16 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 
Network verification may not need to unambiguously determine the 3D position. To determine 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. 

Since for the single satellite case, TDOA based method requires multiple measurements over a long period of time, e.g., up to 64 s, to provide verification accuracy around 4 or 5 km [5], we only consider RTT for single satellite case. For multi-satellite case, we consider RTT for the serving satellite and TDOA for the other satellites. 

RTT measurement in NTN

RTT can be measured by UE reporting the RX-TX time difference between a DL reference signal and an UL reference signal as shown in Figure 3. In Figure 3(a), UE sends an SRS after receiving the DL RS from the network and reports the time difference between the DL RS and the SRS. In such case, an RTT measurement, RTT_m,  is calculated as t1-t0-TUE_RX- TX . In Figure 3 (b), Network sends a DL RS after receiving the SRS from the UE and then the UE reports the time difference between the SRS and the DL RS. In such case, an RTT_m is calculated as TUE_TX- RX -(t1-t0).  



Figure 3. Procedures of RTT measurement.
In the above discussion, the RTT_m is obtained as the sum of two propagation delays at different times, i.e., t0 and t1. For verification of UE location, the so-obtained RTT_m can be an approximate of the RTT at time (t0+t1)/2, i.e., twice of the distance between the satellite and the UE divided by the speed of light at time (t0+t1)/2:
                      .

The error, |RTT(, by considering both satellite movement and earth rotation is demonstrated in Figure 4. As can be seen from the figure, the error between the true RTT and RTTm is less than 3 ns when the RX-TX time difference is less than 200 ms.
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Figure 4. Difference between measured RTT and the true RTT as a function of UE location. The satellite is 600 km above 00E 00N at time 0.

Observation 3: For network verification of UE location, the RTT between a satellite and a UE at time t0 can be approximated by the sum of the one-way delay at t0-T and the one-way delay at t0+T when T is small, e.g., less than 200 ms.

 In the existing specification, the UE RX-TX time difference, TUE_RX- TX , is defined as [6]:


[image: ]

For UE RX-TX time difference in NTN, we have the following remarks:
· In TN, the UE received timing, TUE-RX, of a downlink subframe #j, can be determined by using multiple DL RS such as PRS and CSI-RS. This is, however, not desirable in NTN as the observed subframe durations may be time varying at UE due to satellite movement. Hence, the UE received timing should be determined by one DL RS. 
· Although UE TA in NTN is intended to compensate RTT, it does not meet the accuracy requirement for location verification in NTN.  In NR, the downlink synchronization and UL transmit timing errors allowed can be a few hundred ns. For instance, the UL transmit timing error for 15 kHz SCS can be 29*64*Tc, or about 944 ns. Such a large error does not allow location verification with 10 km accuracy in NTN as will be clear in the subsequent simulation results. Hence, both DL RS and UL SRS are needed in NTN for accurate RTT measurement. 

In the above discussion, the RTT obtained by the above procedure is sum of two propagation delays at different times, i.e., t0 and t1. For verification of UE location, the so-obtained RTT can be an approximate of the RTT at time (t0+t1)/2 , Due to satellite movement, the DL propagation delay and UL propagation delay  assumed  the RTT is measured as the t1-t0-TUE-RX-TUE-RX. PRS and SRS measurement error
We evaluate the timing measurement performance for DL-PRS and UL-SRS in the NTN case. The UE antenna gain is assumed to be -5.5 dB as updated in RAN#97e. 
	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 -12

	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 [0,1000]ns



[image: Chart, line chart

Description automatically generated]
Figure 6. Timing measurement Error for PRS
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Figure 7. Timing Measurement Error for SRS


Table 1. Timing measurement error of 90 and 95 percentile.
	Measurement error
(ns)
	PRS
	SRS

	Oversampling
	90%
	95%
	90%
	95%

	1
	47.9
	50.8
	48.6
	52.2

	2
	24.2
	25.9
	25.5
	28.2

	4
	12.5
	13.6
	14.5
	17.1

	8
	6.9
	8.0
	9.8
	12.6

	16
	4.6
	5.8
	8.4
	11.2


Note: In the NTN Rural LOS case, the resulting channel is LOS dominant and results in good timing performance with a large oversampling rate.
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Figure 8. PRS Timing Measurement vs Elevation angle at UE.
Note: Despite the decreasing SNR as elevation angle decreases, the timing errors do not deteriorate significantly due to larger K factors at lower elevation angles.
Single-satellite case
Below we consider the error in determining the horizontal 2-D UE location assuming UE altitude is known to the network. For simplicity we assume that UE altitude is 0 and the Earth is a perfect sphere. The error in RTT for each RTT measurement is the sum of PRS timing error, SRS timing error and other errors. PRS and SRS timing errors are sampled from the previous distributions. Other errors are modelled as a uniform error in the range [-5,5]ns.
The simulation assumptions are given in the Table below.
Table 2. Simulation assumptions for single-satellite case.
	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	RTT – Single Sat

	Number of measurement occasions
	3

	Time of measurement occasions
	-x,0,x -> x=[1,2,4,8]

	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



We generate a grid over the coverage area(elevation angle>30 deg at t=0) and drop UEs at each grid point. For each UE, we perform RTT measurements at time [-x,0,x]s with error sampled as described above with x chosen from [1,2,4,8]. Then using these measurements, we estimate the UE location under the assumption that UE is on the surface of the Earth. Below we plot the 90 percentile position error at each grid point.
Note: 2 points which are symmetric with respect to the orbit plane will have the same RTT values and cannot be distinguished using timing. We can use beam association to break this ambiguity when the two points are in different beams. Here we ignore this ambiguity and assume we know if the UE is to the left or right of the orbit.
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Figure 9. Horizontal error for 3 RTT measurements spaced 8s apart
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Figure 10.  Positioning error along the satellite orbit and along the direction perpendicular to the orbit with 3 RTT  measurements spaced 8s apart.
As seen in the above figures, the error in position estimation depends largely on the UE position relative to the satellite. Points on the ground which are below the orbit or close to it have very poor resolution in the position. Also the positioning error is dominated by the larger error along the direction of the orbit (NS in this case).
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Figure 11.  Positioning error along the satellite orbit and along the direction perpendicular to the orbit with 3 RTT measurements spaced 1s apart.
Even in the case of 1s gap in measurements, we are able to resolve the UE position within 2km for UE locations which are away from the orbit of the satellite. This is useful as we can choose a shorter measurement time span for UEs in farther beams and a longer measurement time for UEs in beams closer to the orbit.
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Figure 12. CDF of Horizontal position error with 3 RTT measurements and known altitude. 

Table 3.   Horizontal error with 3 RTT measurements and known altitude.
	Error in m
	50%
	67%
	80%
	90%
	95%

	[-1,0,1]
	142
	226
	353
	674
	1772

	[-2,0,2]
	71
	113
	177
	342
	934

	[-4,0,4]
	36
	57
	89
	173
	490

	[-8,0,8]
	18
	29
	45
	88
	260



The CDF of horizontal position error for different measurement gaps are provided in Figure 12 and also summarized in Table 3. As can be seen, even with a measurement window of 2 s (i.e.,1 s measurement gap), the 95th-percentile error is less than 2 km.  
We also evaluate the performance when the UE altitude is not known correctly. We assume an unknown UE altitude sampled uniformly in [-50,50]m. The location estimation algorithm still assumes that the UE is on the surface of the earth to generate a location estimate. Even with this additional uncertainty, there is no significant impact on the positioning error as shown in Figure 13 and Table 4.
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[bookmark: _Hlk118480642]Figure 13. CDF of Horizontal position error with 3 RTT measurements and altitude uncertainty uniformly distributed in [-50 50] m. 

Table 4 Horizontal error with 3 RTT measurements and altitude uncertainty uniformly distributed in [-50 50] m.
	Error in m
	50%
	67%
	80%
	90%
	95%

	[-1,0,1]
	155
	239
	370
	715
	1928

	[-2,0,2]
	90
	133
	206
	408
	1107

	[-4,0,4]
	62
	86
	132
	275
	757

	[-8,0,8]
	51
	68
	104
	226
	611



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 14. Maximal location error along EW direction as a function of UE location with 3 satellites.
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Figure 15. 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 4: 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 two 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 1: For network verification of UE location, consider the following methods:
· Multi-RTT for single NGO satellite case
· DL TDOA and possibly RTT for the serving satellite for multi-satellite case. 

Proposal 2: For RTT, start with the existing framework with UE RX-TX time difference report.
· Consider NTN-specific definition of UE RX-TX time difference 

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: For network verification of UE location, the RTT between a satellite and a UE at time t0 can be approximated by the sum of the one-way delay at t0-T and the one-way delay at t0+T when T is small, e.g., less than 200 ms.

Observation 4: 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 two seconds may be required. 

Proposal 1: For network verification of UE location, consider the following methods:
· Multi-RTT for single NGO satellite case
· DL TDOA and possibly RTT for the serving satellite for multi-satellite case. 

Proposal 2: For RTT, start with the existing framework with UE RX-TX time difference report.
· Consider NTN-specific definition of UE RX-TX time difference 

[bookmark: _Ref457730460][bookmark: _Ref450735844][bookmark: _Ref450342757]References	
[1] [bookmark: _Ref461383190]RP-221820, “New SID: Study on requirements and use cases for network verified UE location for Non-Terrestrial-Networks (NTN) in NR”, Thales, 3GPP RAN#96.
[2] RP-221875, “TR 38.882 v1.0.0 on Study on requirements and use cases for network verified UE location for Non-Terrestrial-Networks (NTN) in NR”, Thales, 3GPP RAN#96.
[3] RP-221766, “Review of RAN#96 network verified UE location TDOCs”, Thales, 3GPP RAN#96.
[4] Chair’s note, RAN1#110bis-e, Oct., 2022.
[5] RP-221336, “Location verification for NR NTN”, Qualcomm, 3GPP RAN#96.
[6] 3GPP TS 38.215, “Physical layer measurements,” v 17.2.0.



1/1
image1.emf
Determined by the 

uncertainty in distance

Possible location from 

network point of view


Microsoft_Visio_Drawing.vsdx
Determined by the uncertainty in distance
Possible location from network point of view



image2.png
0 mifl

1 2 3 4 >=5
Number of staellite with elevation angle >X




image3.emf
DL RS

DL RS SRS

SRS

RX-TX time difference

t0 t1

SRS

SRS DL RS

DL RS

TX-RX time difference

t0 t1

(a)

(b)


Microsoft_Visio_Drawing1.vsdx
DL RS
DL RS
SRS
SRS
RX-TX time difference
t0
t1
SRS
SRS
DL RS
DL RS
TX-RX time difference
t0
t1
(a)
(b)



image4.png
UE latitude

RTT error with time difference at satellite of 200ms

10

25

15

05

3 4 5 6
UE longitude




image5.emf
Definition  The UE Rx  –   Tx time difference is defined as T UE - RX   –   T UE - TX     Where:   T UE - RX   is the UE received timing of downlink subframe # i   from a  Transmission Point (TP) [18] ,  defined by the first detected path in time.   T UE - TX   is the UE transmit timing of uplink subframe  # j   that is closest in time to the subframe #i  received from the  TP .     Multiple DL PRS  or CSI - RS for tracking  resources , as instructed by higher layers,   can be used to  determine the  start of one   subframe of the first arrival path of the  TP .     For frequency range 1, t he reference point for T UE - RX   measurement shall be the  Rx antenna  connector of the UE and  t he reference point for T UE - TX   measurement shall be the Tx antenna  connector of the UE.   For fr equency range  2 , t he reference point for T UE - RX   measurement shall be  the  Rx antenna of the UE and  t he reference point for T UE - TX   measurement shall be the Tx  antenna of the UE.  

Applicable for  RRC_CONNECTED ,   RRC_INACTIVE  

 


image6.png
Tin11ipg measurement error for PRS, LEO-600, Elevation angles >30 deg

091
08
071
06
g
S 05
04
03r Oversampling Ratio
1
0.2 2
4
0.1 8
16
0
0 10 20 30 40 50

Measurement error (ns)




image7.png
Tin11ipg measurement error for SRS, LEO-600, Elevation angles >30 deg

091
08
071
06
g
S 05
04
03r Oversampling Ratio
1
02 2
4
0.1 8
16
0
0 10 20 30 40 50

Measurement error (ns)




image8.png
CDF

4 “Timing measurement error for PRS, LEO-600, Oversampling 8

x = Elevation angle

85< x <=90
75< x <=85
65< x <=75
55< x <=65
45< x <=55
35< x <=45
25< x <=35

20 30
Measurement error (ns)

40

50




image9.png
UE latitude

8F

90 percentile horizontal error in m in for [-8,0,8]s

UE longitude

7000

6000

5000

4000

3000

2000

1000




image10.png
UE latitude

8F

90 percentile cross track error in m in for [-8,0,8]s

UE longitude

7000

6000

5000

4000

3000

2000

1000




image11.png
UE latitude

90 percentile along track error in m in for [-8,0,8]s

UE longitude

30

25

20

15

10




image12.png
UE latitude

90 percentile horizontal error in m in for [1,0,1]s

UE longitude

%10

18
16
1.4

1.2

0.8
0.6
0.4

0.2




image13.png
UE latitude

90 percentile horizontal error in m in for [-1,0,1]s

1800

1600

1400

1200

1000

800

600

400

200

1 2 3 4 5 6 7
UE longitude





image14.png
CDF

09

08

07

0.6

05

04

03

02

0.1

Horizontal position error vs time spacing

[-1,0,11s
[-2,0,2ls
40418

[-8,0,8ls

500

1000
Horizontal position error (m)

1500 2000




image15.png
Horiz?[\tal position error vs time spacing for uniform altitude error [-50,50]m

CDF

[-1,0,11s
[-2,0,2ls
40418
[-8,0,8ls

0 500 1000 1500 2000
Horizontal position error (m)




image16.png
UE latitude

Max Error in m in NS direction for RTT+TDOA

b

L L

o

4 5
UE longitude

130

120

110

100

i




image17.png
UE latitude

Max Error in EW direction for RTT+TDOA

L L

4 5 6 7 8
UE longitude

0

0





1


/


2


 


3GPP TSG RAN WG1 #1


11


 


 


 


R1


-


22


12137


 


Toulouse, France


, 


November


 


14


th


 


–


 


18


th


, 2022


 


 


Agenda item:


 


9.1


1


.2


 


Source: 


 


Qualcomm Incorporated


 


Title:


 


 


Network verified UE location for NR NTN


 


Document for:


 


Discussion


/Decision


 


1


 


Introduction


 


A study item on 


requirements and


 


use cases for


 


network verified UE location 


in NTN was agreed in RAN#95


e 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 report


s 


and 


network


 


based 


solution 


can improve the reliability. 


 


Some 


consensuses


 


were reach


ed among the participants of the d


iscussions on network verified UE location


 


in RAN#96. In


 


particular,


 


the following were agreed among participati


ng 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:


 


o


 


Single satellite in view by the UE at a time


 


o


 


Multi satellite in view by the


 


UE may be considered if time allow


 


o


 


At least when the UE is attached to the network (so that its context is acquired by the network)


 


In RAN1#110


bis


-


e


, the following agreements were reached regarding network verified UE location


 


[4]


:


 


Agreement


 


Deprioritize the discussion on UE location verification during initial access.


 


 


Agreement


 


For the evaluation of time based positioning methods, further evaluation results taking into account satellite movement 


between TX and RX measurements should be provi


ded.


 


·


 


How this is characterised is also reported by companies


 


 


In this contribution, we


 


discuss 


RTT measurements in NTN 


and


 


present simulation results for 


both 


single 


and


 


multiple 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.


 


2


 


Number of satellites 


for location verification


 


Depending on the number of satellites 


in 


the 


view, diff


erent 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. 


 




1 / 2   3GPP TSG RAN WG1 #1 11       R1 - 22 12137   Toulouse, France ,  November   14 th   –   18 th , 2022     Agenda item:   9.1 1 .2   Source:    Qualcomm Incorporated   Title:     Network verified UE location for NR NTN   Document for:   Discussion /Decision   1   Introduction   A study item on  requirements and   use cases for   network verified UE location  in NTN was agreed in RAN#95 e 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 report s  and  network   based  solution  can improve the reliability.    Some  consensuses   were reach ed among the participants of the d iscussions on network verified UE location   in RAN#96. In   particular,   the following were agreed among participati ng 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:   o   Single satellite in view by the UE at a time   o   Multi satellite in view by the   UE may be considered if time allow   o   At least when the UE is attached to the network (so that its context is acquired by the network)   In RAN1#110 bis - e , the following agreements were reached regarding network verified UE location   [4] :   Agreement   Deprioritize the discussion on UE location verification during initial access.     Agreement   For the evaluation of time based positioning methods, further evaluation results taking into account satellite movement  between TX and RX measurements should be provi ded.      How this is characterised is also reported by companies     In this contribution, we   discuss  RTT measurements in NTN  and   present simulation results for  both  single  and   multiple 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.   2   Number of satellites  for location verification   Depending on the number of satellites  in  the  view, diff erent 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.   

