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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP TSG RAN #95e meeting, the NR NTN enhancements were discussed, and the network verified UE location was raised to be a study item in the Release 18 [1]. As for the network verified the UE location aspect, the researching points were listed as follow:
· Study detailed regulatory requirement (e.g. accuracy, privacy, reliability, latency) for network-verified UE location for potential use cases/services (i.e. emergency call, lawful intercept, public warning, charging/billing) (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]

In 3GPP TSG RAN meeting #96, the new SID is discussed, which is “study on requirement and use cases for network verified UE location for Non-terrestrial networks (NTN) in NR” [2].The objective of this RAN led SI is:
· Study detailed regulatory requirements (e.g. accuracy, privacy, reliability, latency) for network-verified UE location for NTN and for potential use cases/services (i.e. emergency call, lawful intercept, public warning, charging/billing).

In document 3GPP TR 38.882, the topic of UE location verification for Non-terrestrial networks is specially studied. The framework of the technical report was constructed, and the recommendations were listed. The study in [RAN2, RAN1, and RAN3], which will study and evaluate solutions for the network to verify UE reported location information, shall consider the following aspects:
-	The scenario of single satellite (or HAPS) in view by the UE at a time is considered with higher priority.
-	Multiple satellite (or HAPS) in view by the UE may be considered if time allows
-	Assume that the UE is attached to a network (so that its context has been set up in the network) for the purpose of positioning
-	Different solutions or positioning methods for NGSO, GSO or HAPS are not precluded
-	When considering solutions based on positioning methods, existing 3GPP defined RAT dependent positioning methods shall be considered as baseline. Other methods are not precluded.
-	Solutions using existing NG-RAN architecture and procedures shall be considered

In the RAN1#110 meeting, the following agreements have been approved [3].
	Agreement
The following 3GPP defined RAT dependent positioning methods shall be considered as starting point for the study on Network verified UE location in case of NGSO based NTN deployment:
· Multi-RTT
· DL/UL-TDOA
Note-1: Other methods (e.g. AoA based) are not precluded
Note-2: RAT independent positioning methods are not under the scope of the study

Agreement
For evaluating positioning performance in NTN, the following metrics apply.
· Horizontal accuracy:
· Horizontal accuracy is the difference between a calculated horizontal position by the network and the actual horizontal position of a UE (for evaluation purposes)
· At least CDFs of horizontal positioning errors are used as a performance metrics in NR positioning evaluations
· At least the following percentiles of positioning error is analyzed 50%, 67%, 80%, 90%, 95%

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






In this document, following the discussion in RAN1#110 meeting, the evaluations will be studied for the topic UE location verification in Non-terrestrial Networks.
Prerequisites of the simulation
As concluded in the last RAN1#110 meeting, the RAT-dependent positioning methods, the simulation parameters and the metrics of positioning error to evaluate were proposed. For the RAT-dependent positioning methods, the Multi-RTT method and OTDOA method were considered to be the priority. And for the accuracy metrics, the horizontal accuracy was recognized more important in NTN. Finally, for the simulation parameters, the satellite orbit, satellite parameters, UE types and so on were listed to be discussed. In order to evaluate the RAT-dependent positioning method applied in single satellite scenario in NTN networks, the analysis of positioning methods, accuracy metrics and simulation parameters should be studied firstly.
0. Candidate RAT-dependent methods
As shown in last RAN1#110 meeting, the Multi-RTT and OTDOA methods shall be considered as starting point for the study on Network verified UE location in case of NGSO based NTN deployment. Both the two methods are based on the time measurements. Hence, the timing measurement error should be considered carefully in both the two methods [4].
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Observation 1: The timing measurement error could not be ignored in both Multi-RTT and OTDOA positioning methods.
For the Multi-RTT method, the downlink RTT measurement will be different with the uplink RTT measurement due to the rapid motion of the LEO satellite. In the 600km LEO orbit scenario, when the elevation angle is 10°, the distance is about 1800km. Then, the single trip delay is 6ms. The RTT error involved by satellite moving is about 12ms*30000km/s, almost 360m. In addition, the processing delay of terminal or satellite is not included. The Multi-RTT method needs double trips measurement for separately UL and DL. In the NTN scenario, such as the parameters in TR 38.821, the SNR for UL is weaker than DL. So the accuracy of UL timing measurement will be worse than the DL.
Observation 2: For the Multi-RTT method, the influence of satellite motion on the RTT measurements should be considered, and the UL timing measurement is always worse than the one of DL.
In the single LEO scenario, the UE cannot measure the differences of the TOA from multi TPs simultaneously as usually in the TN networks. Therefore, the UE alternates to measure multi single trip time delays in different time spots. Then pick one single trip time delay as the baseline, the OTDOA measurements can be calculated by other single trip time delay subtracting the basic one. The time measurement error for each single trip time delay will impact the OTDOA measurement. Meanwhile, the time synchronization of satellite in multi time instances is also a key issue to impact the time measurement error.
As analysis above, the OTDOA method has just one trip time delay compares with the Multi-RTT method having two trips time delay which involved the timing measurement error due to the satellite motion. It seems that the OTDOA method has less timing error if supposing the time synchronization of satellite in multi time instances are perfect. Meanwhile, the DL-OTDOA method just considers the DL SNR, avoiding the UL SNR deterioration compared with the Multi-RTT method. Hence, the DL-OTDOA method will has the better performance in the aspect of the time measuring.
Proposal 1: The DL-OTDOA method with perfect time synchronization should be treated as the baseline, due to the less impaction in satellite rapid motion and SNR deterioration in UL compared with Multi-RTT method.

0. Horizontal accuracy
The horizontal accuracy is proposed as the metric to evaluate the performance of the RAT-dependent positioning methods. It means that the calculated position of UE should be projected to the horizontal plane of the actual position of the UE. In order to simplify the problem, it may be supposed that the UE is on the surface of the earth, and the horizontal positioning error can be defined as the distance between the actual UE position and the projected points on the earth surface of the calculated UE position.
Proposal 2: The position of UE may be supposed on the surface of earth, and the horizontal position error can be defined as the distance between the actual UE position and the projecting point on the earth surface of the calculated UE position.

0. Simulation parameters
As described in summary of RAN1#110 meeting, the primary parameters were listed to evaluate the performance of RAT-dependent positioning methods. In this document, the following parameters are concreted as the baseline.
· Satellite orbit: LEO 600km;
· FR/Carrier frequency: 2GHz;
· Satellite parameters: Reuse Set-1 satellite parameters as in table 6.1.1.1-1/2 of TR 38.821 [5];
· Subcarrier spacing: 15kHz;
· Number of satellite in view: 1;
· Orbit inclination: 90°;
· UE parameter: handheld UE, linear polarization, Rx antenna gain -5dBi with single array;
· Positioning signal: PRS;
· UE speed: 0km/h;
· RAT-dependent method: DL- OTDOA;
· 3-D position calculating method: Chan algorithm.

Link budget
According to the parameters illustrated in above section, the DL link budget with LEO 600km satellite will be calculated at different elevation angles as following [5][6].
Table-1 Link budget for LEO 600km DL
	Elevation(°)
	10°
	30°
	90°

	Path distance (km)
	1931
	1075
	600

	DL SNR (dB)
	-3.51
	1.58
	6.64

	UL SNR (dB)
	-11.76
	-6.67
	-1.62


For the table above, the EIRP density of DL is 34dBW/MHz, the UL transmitted power is 200ms, UL band is 360 kHz, and the G/T of the UE is -36.62 dBW/K/Hz.
For the LEO 1200km satellite, the DL link budget can be shown as following.
Table-2 Link budget for LEO 1200km DL
	Elevation(°)
	10°
	30°
	90°

	Path distance (km)
	3131
	1999
	1200

	DL SNR (dB)
	-1.71
	2.19
	6.62

	UL SNR (dB)
	-11.54
	-7.64
	-3.21


For the table-2, the EIRP density of DL is 40dBW/MHz, the UL transmitted power is 200ms, UL band is 360 kHz, and the other parameters are equal to the table-1.
From the two tables, the conclusion can be derived as that the UL SNR is limited in NTN networks. For the DL scenario, the SNR is -3.51 dB to 6.64dB.
Proposal 3: For the DL-OTDOA method, the range of DL SNR is approximately from -3.51dB to 6.64dB both in LEO 600km and 1200km scenarios.

Simulation results
0. Analysis of measurement accuracy by PRS
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]The PRS is treated as the measuring signal in RAT-dependent positioning methods. The measurement accuracy of the PRS in NR system has been discussed pervasively. As shown in R4-2214722 Table 10.1.23.2-1 (the RSTD absolute accuracy in FR1 for AWGN channel), the maximum timing measurement error is 98Tc when the PRS Ês/Iot is -6dB, the PRS SCS is 15 kHz and bandwidth is 52 PRB. The bandwidth is 9.36MHz, almost equal to 10MHz [7]. Furthermore, in the R4-2214689 Table 10.1.25.2-1 (the UE Rx-Tx time difference measurement accuracy in FR1 in AWGN channel), the maximum timing measurement error is 59Tc when the PRS Ês/Iot is -3dB, the PRS SCS is 15 kHz and bandwidth is 52 PRB [8]. In R4-2214722, the maximum RSTD measurement error will be 42Tc when the bandwidth is double to 104 PRB. Hence, the simple relationship can be supposed as when the SNR improve 3dB, the RSTD error will be reduced almost 50%. So it can be supposed that the RSTD error will be 42 when the SNR is 3dB. And as the same principle, the RSTD error is supposed to 20Tc when the SNR is 0dB, and RSTD error is 10Tc when the SNR is +3dB. Therefore, for the OTDOA positioning method, the accuracy of PRS measurement can be simply assumed as following when the SCS is 15 kHz and bandwidth is 52PRB.
Table-3 Assumption of Maximum timing measurement error of OTDOA in AWGN channel
	SNR (dB)
	Maximum error (Tc)

	-6
	98

	-3
	42

	0
	20

	3
	10

	6
	1



Proposal 4: The SNR is the major factor to impact the PRS timing measurement error in AWGN channel, and the evaluated results of accuracy of PRS measuring in NR RAT-dependent position methods can be reused in NTN scenarios.

0. Simulation results of DL-OTDA method
In this section, the OTDOA method is discussed in single LEO satellite scenario, such as the following figure. According to the link budget analysis, the DL-OTDOA is the priority. In order to apply the DL-OTDOA method in single LEO satellite scenario, the UE should measure multiple single-trip delays separately from the same LEO satellite at different time instances. Then, the first measurement will be set as anchor. The RSTD results can be calculated by others measurements subtracting the anchoring measurement. For OTDOA method, at least 4 measurements of trip delay should be collected. Generally, the more measurements collected, the more accuracy of position will be achieved. But the more measurements will consume more time. So in this section, the specific measurements will be discussed.


Figure1 illustration of the single satellite with multi time measurements
Form the figure, the SNR at T0 time is different with the Tn time because of the different path loss. So in the simulation, the accuracy of each RSTD will be different according to the SNR values. 
The major simulating parameter has been listed in section 2.3, but there are still additional parameters to be clarified.
· Channel type: AWGN;
· Bandwidth: 104 PRB or 10MHz;
The solution of position calculating method is Chan algorithm used in 3D model [9]. And the two typical scenarios, LEO 600km and LEO 1200km, were discussed in following text.
According to the table-3, the single trip time delay measuring error can be supposed as the following table. The association of the SNR and the measuring error is established.
Table-4 Assumption of Maximum timing measurement in simulation
	SNR (dB)
	Maximum error (Tc)

	<-6
	98

	-3>SNR>=-6
	42

	0>SNR>=-3
	20

	3>SNR>=0
	10

	SNR>=3
	1



Results of LEO 600km scenarios
In this section, the LEO satellite with 600km orbit altitude is considered. The UE is stationary at surface of earth. An orbit trace will be chosen in which the UE can view the LEO satellite. The different counts of measurement and different measuring intervals were discussed in the simulation. Different elevation angles of UE beginning to measure the time delay is discussed in following, such as 10º and 30º.
1) Results of beginning with 10º elevation angle
The CDF of position error is shown in the following figure in condition of the measuring interval time is 100s.
[image: E:\卫星工作\NTN R18研究\RAN1#110b\LEO600\100space.png]
Figure2 CDF of position error with 100s interval for beginning with 10º in LEO 600km
The 5 points case and 6 points case were simulated individually. For the 5 points case, the UE had done 5 measurements, and spent 400s. The 80% position error is less than 10km. For the 6 points case, the UE spent 500s to measure, and the position error is less than 10km for 100%.
The result of 60s interval is in following.
[image: E:\卫星工作\NTN R18研究\RAN1#110b\LEO600\60space.png]
Figure3 CDF of position error with 60s interval for beginning with 10º in LEO 600km
For the 7 points case, the total measuring time is 360s, and the 69% horizontal position error is less than 10 km. In the 8 points case, the spending time is 420s, and the 100% horizontal error is less than 10km.
The result of 20s interval is in the following figure.
[image: E:\卫星工作\NTN R18研究\RAN1#110b\LEO600\20space.png]
Figure4 CDF of position error with 20s interval for beginning with 10º in LEO 600km
As shown from the figure, the UE needs to measure 22 points to achieve the horizontal error less than 10km, and the total time spending in position fixed is 420s. 
2) Results of beginning with 30º elevation angle
In this scenario, the UE measures the single trip delay beginning with 30º elevation angle. The result of 60s interval is in following figure.
[image: E:\卫星工作\NTN R18研究\RAN1#110b\LEO600\30-60space.png]
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Figure5 CDF of position error with 60 interval for beginning with 30°in LEO 600km
In this case, the 5 points were simulated for spending 240s, and the horizontal error is less than 10 km for 100%.
The result of 20s interval is in following figure.
[image: E:\卫星工作\NTN R18研究\RAN1#110b\LEO600\30-20space.png]
Figure6 CDF of position error with 20s interval for beginning with 30°in LEO 600km
In this figure, the 10 points case can achieve almost 97% horizontal error less than 10 km, and only spending 180s to measure. Compared with the cases of 10º beginning angle, when the UE begins to measure single trip delay at 30º elevation angle, the performance of horizontal position error is improved apparently, and the costing time is reduced greatly.
Observation 3: Due to the impact of SNR, the higher elevation angles the UE begins measuring, the better performance can be achieved in horizontal position error.
Proposal 5: In LEO 600km scenario, the horizon position error can be achieved less than 10km above 97% by collecting 10 measurements in about 180s when the UE’s elevation angle is above 30º.

Results of LEO 1200km scenario
In this section, the LEO satellite with 1200km orbit altitude is considered. The UE is stationary at surface of earth. As the LEO 600km scenario, different elevation angles of UE beginning to measure the time delay is discussed in following.
1) Results of beginning with 10º elevation angle
The CDF curve of the position error is shown in following figure for the 100s interval of LEO 1200km scenario.
[image: E:\卫星工作\NTN R18研究\RAN1#110b\LEO1200\100space.png]
Figure7 CDF of position error with 100s interval for beginning with 10º degree in LEO 1200km
As shown in the figure, the 99% position error is less than 10km in 5 points case, and the total time is 400s.
The result of 60s interval is in following figure.
[image: E:\卫星工作\NTN R18研究\RAN1#110b\LEO1200\60space.png]
Figure8 CDF of position error with 60s interval for beginning with 10º degree in LEO 1200km
Form this figure, the 99% position error is less than 10km in 8 points case, and the total time is 420s.
The result of 20s interval is in following figure.
[image: E:\卫星工作\NTN R18研究\RAN1#110b\LEO1200\20space.png]
Figure9 CDF of position error with 20s interval for beginning with 10º degree in LEO 1200km
The 97% position error is less than 10km in 20 points case, and the total time is 380s.
2) Results of beginning with 30º elevation angle
The result of 60s interval is in following figure.
[image: E:\卫星工作\NTN R18研究\RAN1#110b\LEO1200\30-60space.png]
Figure10 CDF of position error with 60s interval for beginning with 30º degree in LEO 1200km
Form this figure, the almost 100% position error is less than 5km in 6 points case, and the total time is 300s.
The result of 20s interval is in following figure.
[image: E:\卫星工作\NTN R18研究\RAN1#110b\LEO1200\30-20space.png]
Figure10 CDF of position error with 20s interval for beginning with 30º degree in LEO 1200km
Form this figure, the 100% position error is less than 7km in 15 points case, and the total time is 280s.
3) Results of beginning with 60º elevation angle
In this part, the beginning elevation angle of 60º was discussed in LEO 1200 km. With the increasing of elevation angle, the DL SNR will be improved. The 20s interval was simulated in following figure.
[image: E:\卫星工作\NTN R18研究\RAN1#110b\LEO1200\60-20space.png]
Figure11 CDF of position error with 20s interval for beginning with 60º degree in LEO 1200km
Form this figure, the almost 99.9% horizontal position error is less than 10km in the 7 points case, and 100% horizontal position error is less than 10km in the 11 points case. The total measuring time spending in 7 points case is about 120s. Hence, with the increasing of the elevation angle, the total time spending in measurement is reduced in LEO 1200km scenario.

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 6: In LEO 1200km scenario, the horizon position error can be achieved less than 7km above 100% by collecting 15 measurements in about 280s with the elevation angle beginning at 30º, meanwhile the total measuring time reduced to 120s with collecting 7 measurements to satisfy the accuracy when the elevation angle beginning with 60º.

Conclusion
In this contribution, the simulations of RAT-dependent position method, such as DL-OTDOA, have been discussed in single satellite scenarios, eg. LEO 600km and LEO 1200km, to verify the UE location. A few of observations and proposals are made as follows:
Observation 1: The timing measurement error could not be ignored in both Multi-RTT and OTDOA positioning methods.
Observation 2: For the Multi-RTT method, the influence of satellite motion on the RTT measurements should be considered, and the UL timing measurement is always worse than the one of DL.
[bookmark: _GoBack]Observation 3: Due to the impact of SNR, the higher elevation angles the UE begins measuring, the better performance can be achieved in horizontal position error. 

Proposal 1: The DL-OTDOA method with perfect time synchronization should be treated as the baseline, due to the less impaction in satellite rapid motion and SNR deterioration in UL compared with Multi-RTT method.
Proposal 2: The position of UE may be supposed on the surface of earth, and the horizontal position error can be defined as the distance between the actual UE position and the projecting point on the earth surface of the calculated UE position.
Proposal 3: For the DL-OTDOA method, the range of DL SNR is approximately from -3.51dB to 6.64dB both in LEO 600km and 1200km scenarios.
Proposal 4: The SNR is the major factor to impact the PRS timing measurement error in AWGN channel, and the evaluated results of accuracy of PRS measuring in NR RAT-dependent position methods can be reused in NTN scenarios. 
Proposal 5: In LEO 600km scenario, the horizon position error can be achieved less than 10km above 97% by collecting 10 measurements in about 180s when the UE’s elevation angle is above 30º.
Proposal 6: In LEO 1200km scenario, the horizon position error can be achieved less than 7km above 100% by collecting 15 measurements in about 280s with the elevation angle beginning at 30º, meanwhile the total measuring time reduced to 120s with collecting 7 measurements to satisfy the accuracy when the elevation angle beginning with 60º.
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