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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]. 
In 3GPP TSG RAN meeting #96, the new SID was discussed, which was “study on requirement and use cases for network verified UE location for Non-terrestrial networks (NTN) in NR” [2]. 
In document 3GPP TR 38.882, the topic of UE location verification for Non-terrestrial networks was specially studied. The framework of the technical report was constructed, and the recommendations were listed. The study in [RAN2, RAN1, and RAN3] was activated, which will study and evaluate solutions for the network to verify UE reported location information.
In the RAN1#110 meeting, the significant agreements have been approved [3]. First, the timing measuring based method, such as Multi-RTT and DL/UL-TDOA, were considered as starting point for the study. Second, the horizontal accuracy treated as the major metric was highlighted to evaluate the positioning performance. Third, the assumption of simulating parameters was listed in annex1.
In the RAN1#110b e-meeting, the mechanisms of UE location verification and simulations had been further discussed, and then a few agreements have been approved along with a lot of FFS items [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 characterized is also reported by companies

FL Recommendation:
· For the evaluation of Multi-RTT positioning method for Network verified UE location with single satellite, RAN1 will revisit/update the above observation in RAN1#111 in order to conclude on the feasibility of the method.
· For the evaluation of XL-TDOA method positioning method for Network verified UE location with single satellite, RAN1 will revisit/update the above observation in RAN1#111 in order to conclude on the feasibility of the method.
· Companies are encouraged to report the CDF of timing measurement error in evaluations of time based positioning methods in NTN, including potential dependence on SNR and elevation angle.




In this document, following the discussion in RAN1#110b e-meeting, the evaluations will be further studied for the topic UE location verification in Non-terrestrial Networks.
Discussed in timing measurement error
As concluded in the last RAN1#110b e-meeting, there was a consensus that the timing measurement error could not be ignored in time based positioning method in NTN. For the timing based positioning method, no matter Multi-RTT or XL-TDOA method, the timing measurement error may impact the accuracy of position. The timing measurement error is caused by estimating the PRS or other referring signals in both UE and g-NB sides. The SNR, bandwidth, and combing types all influence the timing measurement error. So in this section, the timing measurement error will be analyzed firstly.
0. Parameters in NTN
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 were considered as the baseline to evaluate the timing measurement error and positioning accuracy.
· Satellite orbit: LEO 600km and 1200km;
· 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;
· Bandwidth: 20MHz;
· FFT size: 2048;
· Combing types: no combing;
· Number of satellite in view: 1;
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]Orbit inclination: 90°;
· UE elevation angle: 30°;
· UE parameter: handheld UE, linear polarization, Rx antenna gain -5dBi with single array;
· Positioning signal: PRS;
· UE speed: 0km/h;
· Channel type: AWGN;
· RAT-dependent method: XL- OTDOA;
· 3-D position calculating method: Chan algorithm [7].

0. Link budget
According to the parameters illustrated in above section, the DL/UL 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/UL
	Elevation(°)
	30°
	90°

	Path distance (km)
	1075
	600

	DL SNR (dB)
	1.58
	6.64

	UL SNR (dB)
	-6.67
	-1.62


For the table above, the EIRP density of DL is 34dBW/MHz, the UL transmitted power is 200mw, 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/UL link budget can be shown as following.
Table-2 Link budget for LEO 1200km DL/UL
	Elevation(°)
	30°
	90°

	Path distance (km)
	1999
	1200

	DL SNR (dB)
	2.19
	6.62

	UL SNR (dB)
	-7.64
	-3.21



For the table-2, the EIRP density of DL is 40dBW/MHz, the UL transmitted power is 200mw, 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. In the previous discussion, the elevation angle above 30°was considered, so for the DL scenario, the SNR is 1.58 dB to 6.64dB, and for the UL scenario, the SNR is -7.64dB to -1.62dB.
0. Simulating results of timing measurement error
As discussed in last meeting, the CDF of the timing measurement error was encouraged to report. In this section, the simulations of timing measurement error based on PRS signal were done. The maximum timing measurement error is evaluated on the granularity of Tc. The maximum correlation peak algorithm was employed in detecting the PRS signal at the receivers in the simulation. The simulating results are shown in following table.
Table-3 Simulating results of timing measurement error
	Maximum timing measurement error
	Downlink PRS
(Tc)
	Uplink SRS
(Tc)

	SNR (dB)
	50 percentile
	90 percentile
	95 percentile
	50 percentile
	90 percentile
	95 percentile

	-8
	-
	-
	-
	17
	30
	34

	-6
	-
	-
	-
	15
	30
	34

	0
	15
	30
	33
	-
	-
	-

	3
	15
	30
	33
	-
	-
	-



From the simulating results in the above table, when the maximum correlation peak algorithm was applied with the setting of the 20MHz bandwidth, 15kHz subcarrier spacing and no combing, the CDF of timing measurement error in different SNR seems little different. And the timing measurement errors are approximately uniform distributed. 
Observation 1: With the maximum correlation peak algorithm applied in detecting the PRS, the timing measurement error seems uniformly distributed from 0 Tc to 34Tc in the SNR range [-8dB, 3dB].
Proposal 1: For simplicity, the timing measurement error can be assumed as uniform distribution in range [-34Tc, +34Tc] in both LEO 600km and LEO 1200km scenarios without relative the SNR.
Evaluation of XL-TDOA method
In this section, the OTDOA method is discussed in both UL/DL in single LEO satellite scenario. Due to the restriction of one satellite in view, there should be applied multi single-trip delay measurement separately at different time instances. In order to calculate the RSTD, the shortest single-trip delay should be set as anchor. Then the RSTD results can be calculated by others measurements subtracting the anchoring measurement. Generally, at least 4 measurements of single-trip delay should be measured to deduce the 3 RSTD measurements. In order to improve the performance, the more measurements collected, the better accuracy of position can be achieved. Especially for the Chan algorithm [7], the basic 3 RSTD measurements can approach the 3D position, but at least 4 RSTD can achieve a better positioning performance. So in the latter simulation, at least 5 single measurements will be performed.
0. Geometry analysis
As mentioned in summary of last meeting, RAN1#110b, the companies were encouraged to analyze the relative geometry influence on the position error. So in this part, the following two cases of different relative geometry are considered. The first one is that the UE’s location is under the satellite orbit or in the orbit plane. And the second one is that the UE’s location is far away from the satellite orbit plane. The horizontal illustration of the above cases is shown in the following figure.


Figure1 Illustration of UE located in different geometry cases
As shown in figure above, the two relative geometry cases can be described as following.
· Case 1: the UE’s location is under the satellite orbit, or the UE’s location is in the orbit plane of satellite.
· Case 2: the UE’s location is 200km away from the orbit plane of satellite.
In the later section, both above cases will be simulated to evaluate the positioning performance in NTN scenario.
0. UE clock accuracy assumption
As concluded in last meeting, the UE clock accuracy should be considered in further evaluations of XL-TDOA positioning method. The quality of the oscillator is the major factor to influence the UE clock accuracy. In R1-2207691, the oscillator-drift parameter was listed as following [8].
· Ideal: 0 for both (UE/TRP);
· Practical: uniform distribution within [-0.1, +0.1]ppm for UE, and [-0.02,+ 0.02]ppm for TRP within measurement duration.
In the XL-TODA method with single satellite, it is always spending hundreds seconds to collect the RSTD measurements. For the practical parameter of oscillator-drift, the hundreds nanoseconds will be involved by the instability of UE’s clock during the procession of XL-TODA methods. However, the ability of GNSS in both UE and g-NB sides is not only to assistant calculating the ephemeris to achieve the synchronization, but also to calibrating the clock of UE or g-NB to sustain a restricted accuracy. To simplify the discussion, the uniform distribution within [-10ns, +10ns] of UE’s clock accuracy is supposed after the calibration of GNSS in the practice. 
Proposal 2: The calibration of GNSS should be considered in the evaluation of the UE clock accuracy in order to restrict the clock error into a small range.

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.

0. Simulation results 
In this section, the XL-TDOA positioning method is simulated in both LEO 600km and 1200km scenarios. At each scenario, two geometry cases are considered, such as case1 and case2 mentioned in previous section. The parameter of timing measurement error is supposed as uniform distribution within [-34Tc, 34Tc]. The accuracy of UE clock is supposed as uniform distribution [-10ns, +10ns] for practical situation, and supposed 0ns for ideal situation. The simulating results are discussed both in practical situation and ideal situation in the aspect of UE clock accuracy. In the following simulation, the elevation angle is only considered above 30º.
Results of LEO 600km scenarios
In this scenario, the orbit altitude is set as 600km. The UE is stationary at surface of earth. Two different orbit traces will be chosen in which the UE can view the LEO satellite according to the geometry cases discussed previously, such as UE under the orbit plane and UE away from the orbit plane.
1) Results of geometry case1
The CDF of position error is shown in the following figure in condition of the UE located under the satellite orbit. The positioning performance with UE clock error was compared with the ideal situation.
[image: E:\卫星工作\NTN R18研究\RAN1#111\LEO600-orbit.png]
Figure2 CDF of position error of geometry case1 in LEO 600km
In the result, the 15 points measurements of RSTD were collected with interval space 16s. Totally, there was 224s to spend in whole procession. From the figure, even without the UE clock error, it was just 40% that position error was less than 10km. if the UE clock error was considered, the percentage of position error less than 10km was reduced to 30%.
2) Results of geometry case2
In this case, the UE located far way the satellite orbit plane. The situation with /without UE clock error were both discussed. The results were shown in following figure.
[image: E:\卫星工作\NTN R18研究\RAN1#111\LEO600.png]
Figure3 CDF of position error of geometry case2 in LEO 600km
In this figure, the 15 points measurements were collected with interval space 16s. The total time spent was 224s. The positioning error was less 10km without UE clock error. When the UE clock error considered, the almost 95% was satisfied the requirement of position accuracy.
Observation 2: The geometry of UE location relative the satellite orbit will impact the positioning performance in XL-TDOA method.
Observation 3: In LEO 600km scenario, with the previous assumption of timing error and UE clock accuracy, there was almost 220s needed to apply an entire procession of XL-TDOA positioning to achieve about 95% results that satisfied the 10km restriction in geometry case2.

Results of LEO 1200km scenario
In this section, the orbit altitude is 1200km. As discussed above, the two geometry cases were evaluated individually.
1) Results of geometry case1
The CDF curve of the position error is shown in following figure in the condition of the UE location under the orbit plane of the satellite.
[image: E:\卫星工作\NTN R18研究\RAN1#111\LEO1200-orbit.png]
Figure4 CDF of position error of geometry case1 in LEO 1200km
In this figure, 19 points measurements were collected with interval spacing 19s. So, there was almost 342s spent to complete the positioning. With the UE clock error assumed, there were just about 50% results that can satisfy the requirement of positioning accuracy.
2) Results of geometry case2
In this case, the UE located far way the satellite orbit plane. The situation with /without UE clock error were both discussed. The results were shown in following figure.
[image: E:\卫星工作\NTN R18研究\RAN1#111\LEO1200.png]
Figure5 CDF of position error of geometry case2 in LEO 1200km
As shown in this figure, with the UE clock error assumed, there were almost 86.6% results that satisfied the requirement of the position accuracy in NTN scenario. In order to achieve the accuracy target, there were 19 points measurements collected with interval spacing 19s. As a result, it was almost 342s spent in positioning procession.
Observation 4: In LEO 1200km scenario, with the previous assumption of timing error and UE clock accuracy, there was almost 342s needed to apply an entire procession of XL-TDOA positioning to achieve about 87% results that satisfied the 10km restriction in geometry case2.

Analysis
1) Impact of geometry structure
Compared the simulating results of two different geometry cases both in LEO 600km and LEO 1200km scenarios, it was obviously to see that the geometry case2 can achieve better positioning performance. In the geometry case2, the UE located at the place far away from the satellite orbit plane. This geometry structure can achieve better positioning accuracy. As a conclusion, in the single satellite scenario, the geometry structure can impact the positioning accuracy. Closer to the orbit plane, worse positioning performance can be achieved.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 3: The geometry structure should be clarified due to its impact on the positioning accuracy in single satellite scenario, as following
· For a given UE location, when the timing measurement points are same, larger measuring interval leads to better positioning accuracy.
· For different UE locations, closer to orbit plane, worse positioning performance is achieved.
2) Impact of timing measurement error
As shown in simulating results of LEO600km and LEO1200km, the timing measurement error was considered as uniform distribution within [-34Tc, +34Tc], and the UE clock error was also involved with range [-10ns, +10ns]. In comparison with the simulating results, the performance of positioning accuracy was worse with the UE clock error. And compared with the simulating results in R1-2208955 shown in annex2 [9], the lager timing measurement error made the positioning performance becoming worse.
[bookmark: _GoBack]Proposal 4: The timing measurement error should be modeled as an important factor due to its big influence on the positioning accuracy in single satellite scenario. Larger timing measurement error led to worse positioning performance. In order to achieve the requirement of accuracy with the larger timing measurement error, the bigger time interval should be employed and more time should be spent on whole procession.


Conclusion
In this contribution, the simulations of RAT-dependent position method, such as XL-OTDOA, have been discussed in single satellite scenarios, with the timing measurement error and UE clock error, to verify the UE location. A few of observations and proposals are made as follows:
Observation 1: With the maximum correlation peak algorithm applied in detecting the PRS, the timing measurement error seems uniformly distributed from 0 Tc to 34Tc in the SNR range [-8dB, 3dB].
Observation 2: The geometry of UE location relative the satellite orbit will impact the positioning performance in XL-TDOA method.
Observation 3: In LEO 600km scenario, with the previous assumption of timing error and UE clock accuracy, there was almost 220s needed to apply an entire procession of XL-TDOA positioning to achieve about 95% results that satisfied the 10km restriction in geometry case2.
Observation 4: In LEO 1200km scenario, with the previous assumption of timing error and UE clock accuracy, there was almost 342s needed to apply an entire procession of XL-TDOA positioning to achieve about 87% results that satisfied the 10km restriction in geometry case2.


Proposal 1: For simplicity, the timing measurement error can be assumed as uniform distribution in range [-34Tc, +34Tc] in both LEO 600km and LEO 1200km scenarios without relative the SNR.
Proposal 2: The calibration of GNSS should be considered in the evaluation of the UE clock accuracy in order to restrict the clock error into a small range. 
Proposal 3: The geometry structure should be clarified due to its impact on the positioning accuracy in single satellite scenario, as following
· For a given UE location, when the timing measurement points are same, larger measuring interval leads to better positioning accuracy.
· For different UE locations, closer to orbit plane, worse positioning performance is achieved.
Proposal 4: The timing measurement error should be modeled as an important factor due to its big influence on the positioning accuracy in single satellite scenario. Larger timing measurement error led to worse positioning performance. In order to achieve the requirement of accuracy with the larger timing measurement error, the bigger time interval should be employed and more time should be spent on whole procession.
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Annex 1
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). 

	BW
	To be reported by companies

	Subcarrier spacing, kHz
	15 for FR1

	Number of satellite in view
	1 for single 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


Annex2
With timing measurement error equaling to 1Tc, the CDF of position error can be shown in following figure.
[image: E:\卫星工作\NTN R18研究\RAN1#110b\LEO600\30-20space.png]
Annex Figure1 CDF of position error with 20s interval for beginning with 30°in LEO 600km
[image: E:\卫星工作\NTN R18研究\RAN1#110b\LEO1200\30-20space.png]
Annex Figure2 CDF of position error with 20s interval for beginning with 30º degree in LEO 1200km
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