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[bookmark: _Ref18181]Introduction
In RAN1#110 [1], the baseline method, evaluation metric, and assumptions were discussed and following agreements are achieved:
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,

	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 contribution, the solutions for position verification in NTN based on existing network positioning methods are evaluated based on the agreed metrics and assumptions. 
Clarification on the dimension of positioning
[bookmark: _GoBack]In RAN1#110, the horizontal accuracy, i.e., UE 2D position accuracy, has been agreed as the performance metric. And the RAT dependent positioning methods are agreed to be the starting point of evaluation. However, with these agreements, there could be two possible assumptions on positioning methods:
1. The height of UE is known and 2D positioning methods are applied.
2. The height of UE is unknown. 3D positioning methods are applied but only 2D error is counted.
For above two assumptions, the second one is more reasonable and should be adopted. If first assumption is adopted, UE should report its height to network since it may be on a mountain or a plane, where the height is non-zero. However, this information is similar to the GNSS information, which is RAT independent and may not be reliable. Meanwhile, before the initialized service from the network after location verification, it’s also not possible to enable the height report. Therefore, 3D positioning should be assumed as baseline and 2D positioning error can be considered for performance evaluation.
Observation 1: UE height reported by UE may not be trustable (e.g., similar concern as GNSS) and available before completion of location verification.
Proposal 1: 3D positioning methods should be applied even if 2D positioning error is the performance metric. 
Evaluation of RAT dependent positioning methods
3.1 Timing measurement error
In legacy 3GPP defined RAT dependent positioning method, the RTT and TDOA measurement are based on SRS and PRS, which will be affected by SNR. In NTN, the link budget will be limited due to long distance between UE and satellite. Hence, the timing measurement performance need to be evaluated to see whether RAT dependent positioning methods can work in NTN.
In evaluation, LEO-600 rural LOS S band scenario is assumed. The elevation angle is assumed as 30 degree elevation angle. The UE antenna gain is assumed as -5.5 dB as updated in latest WID in RAN#97e. With the assumptions, the link budget is -20.2 dB for UL and -1.9 dB for DL. The evaluated CDFs of timing measurement error for UL and DL are shown in Figure 1.
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[bookmark: _Ref115037113]Figure 1 Evaluation of timing measurement error
Observation 2: The timing measurement error of SRS and PRS can be smaller than 24ns and 6ns respectively with 95% probability under 30 degree elevation angle for LEO-600 set-1, rural LOS S-band scenario.
3.2 Single satellite based positioning for earth fixed beam
In this section, the single satellite based positioning is evaluated with earth fixed beam as shown in Figure 2. For simplicity of expression, an earth center coordinate is defined, where the earth center is the origin and the orbit of satellite is within the y-z plane. Moreover, the satellite position is assumed to be [0, 0, R+h] at time t0+1.5δ, where R denotes earth radius and h denotes satellite altitude. In this case, the four satellite positions for positioning at time t0, t0+ δ, t0+ 2δ and t0+ 3δ are symmetric. 
[image: ]
[bookmark: _Ref30917]Figure 2 Illustration of positioning by single satellite
In Figure 3, the potential serving areas, i.e., the areas where elevation angle is above 30 degree, of the satellite at time t0, t0+ δ, t0+ 2δ and t0+ 3δ are expressed as red circle, blue circle, green circle, and purple circle, respectively. Since CDF is considered in performance evaluation for location verification, the UE is assumed randomly located within the potential serving area common to all the satellite positions.
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[bookmark: _Ref115084584]Figure 3 Illustration of potential serving areas of satellite at different time instants and UE distribution
For single satellite case, the time based positioning methods, including multi-RTT and UL/DL-TDOA, cannot resolve the ambiguity between symmetric points w.r.t to the satellite orbit plane. Moreover specifically, the points [x,y,z] and [-x,y,z] will lead to same RTT or TDOA measurement result. In FR2, the angle method, e.g., DL-AoA, can be used to resolve this ambiguity issue. While for handheld UE in FR1, UE generally cannot measure the angle due to the antenna configuration so that DL-AoA may not work. However, since the beam size is generally limited, network may able to resolve the ambiguity based on the beam direction. When the beam cannot cover both [x,y,z] and [-x,y,z], the point which is more close to the beam center should be the correct one. If both [x,y,z] and [-x,y,z] are covered, network may randomly choose one of them unless other assistance methods can be applied to resolve the ambiguity. 
With the parameters listed in Table 10 and above assumptions, the performance of positioning error is evaluated for multi-RTT, UL-TDOA and DL-TDOA. Note that for timing measurement error, the SNR is assumed as the link budget calculated based on real elevation angle instead of that under 30 degree elevation angle. The simulation results without consideration of ambiguity issue in above paragraph are as listed in Table 1, Table 2, and Table 3. For TDOA method, it can be observed that DL-TDOA can achieve better performance than UL-TDOA due to higher link budget. However, since 3D TDOA method is less robust to the timing measurement error in single satellite case, DL-TDOA method will have worse performance compared with multi-RTT method even if it will have better SNR. The multi-RTT method can satisfy the accuracy requirement with 95% probability if the measurement period is longer than 30s when ambiguity issue is not considered.
[bookmark: _Ref115129189]Table 1 Positioning error performance for multi-RTT without consideration of ambiguity issue
	
	CDF=50%
	CDF=67%
	CDF=80%
	CDF=90%
	CDF=95%

	δ=5s
	6.86 km
	12.11 km
	20.63 km
	37.63 km
	71.43 km

	δ=10s
	1.75 km
	3.08 km
	6.01 km
	13.43 km
	28.98 km

	δ=30s
	0.22 km
	4.06 km
	0.87 km
	2.73 km
	7.28 km

	δ=60s
	0.10 km
	0.22 km
	0.5 km
	1.64 km
	4.42 km


[bookmark: _Ref115129190]Table 2 Positioning error performance for UL-TDOA without consideration of ambiguity issue
	
	CDF=50%
	CDF=67%
	CDF=80%
	CDF=90%
	CDF=95%

	δ=5s
	303.25 km
	436.97 km
	618.52 km
	~
	~

	δ=10s
	98.90 km
	158.01 km
	237.50 km
	399.69 km
	681.97 km

	δ=30s
	8.69 km
	16.91 km
	32.60 km
	75.97 km
	170.12 km

	δ=60s
	4.04 km
	8.69 km
	17.98 km
	43.46 km
	95.36 km


[bookmark: _Ref115129192]Table 3 Positioning error performance for DL-TDOA without consideration of ambiguity issue
	
	CDF=50%
	CDF=67%
	CDF=80%
	CDF=90%
	CDF=95%

	δ=5s
	186.54 km
	271.96 km
	389.67 km
	544.66 km
	~

	δ=10s
	44.85 km
	73.59 km
	115.13 km
	194.79 km
	316.52 km

	δ=30s
	3.39 km
	6.73 km
	13.09 km
	28.29 km
	54.89 km

	δ=60s
	1.52 km
	3.34 km
	7.06 km
	15.31 km
	29.93 km


The performance evaluation results with consideration of ambiguity issue are listed in Table 4, Table 5, and Table 6. For beam size, 50km beam diameter is assumed for nadir beam, which is defined for LEO-600 set-1 in TR 38.821. The satellite beam angle is thought fixed and derived from 50km diameter nadir beam. In order to simplify the evaluation, if a UE has coordinate [x,y,z] and the line between [x,y,z] and [-x,y,z] corresponds to a satellite angle smaller than the satellite beam angle, the ambiguity issue is thought to happen and network will randomly choose one candidate value. In such case, the performance of worst case is evaluated since some of these UEs may be covered by beams that not intersect the orbit plane, where the ambiguity issue can be resolved based on the satellite beam direction. Similar to the results without consideration of ambiguity, the multi-RTT method has best performance, then followed by DL-TDOA, and UL-TDOA has worst performance. However, due to the ambiguity issue, the performance at high CDF is significantly degraded. It is worth noting that for multi-RTT method, when the time interval between measurements is increased from 30s to 60s, the positioning error performance decreases for high CDF cases. The reason behind is that, with lower elevation angle, the beam size will be larger if the satellite beam angle is fixed. In this case, the ambiguity issue illustrated previously will be more significant. As a result, even if the positioning accuracy could be improved with larger interval between measurements, the overall CDF performance may decrease due to high probability of ambiguity issue.
[bookmark: _Ref14375]Table 4 Positioning error performance for multi-RTT with consideration of ambiguity issue
	
	CDF=50%
	CDF=67%
	CDF=80%
	CDF=90%
	CDF=95%

	δ=5s
	6.86 km
	12.11 km
	21.39 km
	39.59 km
	80.16 km

	δ=10s
	1.75 km
	3.10 km
	6.45 km
	17.59 km
	41.48 km

	δ=30s
	0.22 km
	0.42 km
	0.98 km
	7.91 km
	31.30 km

	δ=60s
	0.11 km
	0.27 km
	1.73 km
	20.89 km
	45.45 km


[bookmark: _Ref115105088]Table 5 Positioning error performance for UL-TDOA with consideration of ambiguity issue
	
	CDF=50%
	CDF=67%
	CDF=80%
	CDF=90%
	CDF=95%

	δ=5s
	304.65 km
	437.95 km
	625.89 km
	~
	~

	δ=10s
	99.89 km
	160.18 km
	245.56 km
	409.47 km
	664.59 km

	δ=30s
	8.92 km
	18.20 km
	36.21 km
	77.07 km
	149.25 km

	δ=60s
	4.48 km
	10.98 km
	26.41 km
	57.21 km
	96.12 km


[bookmark: _Ref115105093]Table 6 Positioning error performance for DL-TDOA with consideration of ambiguity issue
	
	CDF=50%
	CDF=67%
	CDF=80%
	CDF=90%
	CDF=95%

	δ=5s
	188.12 km
	274.51 km
	389.37 km
	548.51 km
	~

	δ=10s
	46.39 km
	75.85 km
	119.62 km
	205.84 km
	321.59 km

	δ=30s
	3.39 km
	7.14 km
	15.17 km
	34.07 km
	58.34 km

	δ=60s
	1.65 km
	4.41 km
	11.89 km
	33.71 km
	56.98 km


Observation 3: Multi-RTT has better performance than UL/DL-TDOA method.
Observation 4: When the ambiguity of single satellite positioning is not considered or can be resolved by other methods, and the measurement period is equal to or larger than 30s, the positioning error of multi-RTT method can be smaller than 10km with over 95% probability for LEO-600 set-1, rural LOS, S-band scenario, earth fixed beam.
Observation 5: When the ambiguity of single satellite positioning is not considered, and the measurement period is equal to 30s, the positioning error of multi-RTT method can be smaller than 10km with over 90% probability for LEO-600 set-1, rural LOS, S-band scenario, earth fixed beam.
Proposal 2: Single-satellite based multi-RTT positioning method can be used for UE location verification for earth fixed beam in LEO. 
3.3 Single satellite based positioning for earth moving beam
In this section, the single satellite based positioning for earth moving beam is evaluated. As shown in Figure 4, the satellite is assumed to have 19 beams. The diameter of nadir beam is assumed as 50km. UE is assumed randomly located within the center 7 beams (which have longer serving time). Moreover, the satellite position corresponding to Figure 4 is assumed to be at time t0+1.5δ. In this case, the four satellite positions for positioning at time t0, t0+ δ, t0+ 2δ and t0+ 3δ are symmetric. Other evaluation assumptions are same as that in previous section.
[image: Layoutfigure]
[bookmark: _Ref23091]Figure 4 Illustration of beam layout for earth moving beam case
With above assumptions, performance evaluation results with consideration of ambiguity issue are listed in Table 4, Table 5, and Table 6. Smaller δ is consider here since the serving time for this case is much shorter than that for earth fixed beam. Note that only the UEs that can be served by the satellite at all four time instants are counted in CDF. From the evaluation results, only when δ=8s, the positioning error can be smaller than 10km with over 50% probability but still lower than 67% probability. Hence, for typical earth moving beam scenario, single satellite based positioning cannot work. There are mainly two factors that result in the bad performance. The first one is that, the measurement period is short due to short serving time, which leads to bad space spread of anchor nodes and degraded performance. The second one is that, the UE locations are near the orbit plane, where the ambiguity issue in the direction perpendicular to orbit plane is more significant.
Table 7 Positioning error performance for multi-RTT with consideration of ambiguity issue
	
	CDF=50%
	CDF=67%
	CDF=80%
	CDF=90%
	CDF=95%

	δ=1s
	21.84 km
	29.56 km
	37.97 km
	47.00 km
	54.78 km

	δ=5s
	19.50 km
	27.08 km
	35.56 km
	45.05 km
	53.35 km

	δ=8s
	6.66 km
	12.32 km
	14.94 km
	20.64 km
	24.87 km


Table 8 Positioning error performance for UL-TDOA with consideration of ambiguity issue
	
	CDF=50%
	CDF=67%
	CDF=80%
	CDF=90%
	CDF=95%

	δ=1s
	158.70 km
	~
	~
	~
	~

	δ=5s
	~
	~
	~
	~
	~

	δ=8s
	~
	~
	~
	~
	~


Table 9 Positioning error performance for DL-TDOA with consideration of ambiguity issue
	
	CDF=50%
	CDF=67%
	CDF=80%
	CDF=90%
	CDF=95%

	δ=1s
	114.96 km
	270.09 km
	~
	~
	~

	δ=5s
	546.25 km
	585.55 km
	~
	~
	~

	δ=8s
	559.05 km
	~
	~
	~
	~


Observation 6: For earth moving beam case, single-satellite based multi-RTT/UL-TDOA/DL-TDOA with angular information at gNB side cannot achieve target performance.
Proposal 3: The earth moving beam case is deprioritized for single satellite based location verification. 
TA report based verification method
In Rel-17 NTN, TA report has been supported to accommodate the update of Koffset. In fact, the RTT between satellite and UE is equal to the UE specific TA for service link. That is, network is able to obtain the RTT based on TA report from UE and perform positioning using the multi-RTT method. To further improve the performance, defining higher TA report granularity may be considered. In Rel-17, the TA is reported with a granularity of slot, which may lead to significant quantization error. With such large error, the positioning accuracy may not be good enough. Hence, more accurate TA report may be supported for better location verification performance.
Compared with legacy positioning methods based on measurement, the accuracy of TA report based method will not be affected by SNR. That is, even with low SNR, the performance of TA based solution can still be high if the granularity of report is fine enough.
W.r.t to the reliability of reported TA, one may have concern on it since it is calculated based on GNSS information. However, if the TA error is large, the UL synchronization will be lost and the cellular system will not work. Therefore, TA is also a RAT dependent parameter instead of purely based on GNSS information. Hence, it can be considered to have similar reliability as other RAT dependent parameters, e.g., reported information in DL-TDOA.
Observation 7: TA report supported in Rel-17 NTN can be used for RTT estimation.
Observation 8: TA report accuracy is not affected by SNR.
Observation 9: TA reported by UE can be considered to have similar reliability as other RAT dependent parameters since it is related to UL synchronization.
Proposal 4: TA report based location verification method can be investigated as alternative to legacy multi-RTT positioning method.
Proposal 5: TA report with higher granularity can be investigated to improve the location verification performance.
Procedure w.r.t location verification
For the timing measurement based positioning method, since LMF is involved in positioning, the location verification should be performed after initial access. The network should configure the positioning resources before performing positioning. Compared to legacy TN positioning, network can also configure the period of RTT/TDOA measurement for single satellite positioning case. After triggering of measurement, UE and network periodically measure the DL-PRS and UL-SRS according to the configured positioning resources. Then, UE may report the Rx-Tx time difference or Rx TOA every time after measurement or in one shot after all the measurements. After the measurements, network determine the RTTs or TDOAs and calculate UE position. Finally, UE location is verified based on calculated UE position. If UE location verification is failed, CN or BS will release the connection with the UE.
However, since the periodic report in single-satellite positioning will cost long time, location verification is not expected to be performed too frequently, e.g., every time when UE accesses the network. In order to reduce the frequency of location verification, a reliability flag can be assigned to the UE which has been verified. If the UE has passed location verification, network can assign a flag indicating the UE is reliable. Otherwise, network can assign a flag indicating the UE is not reliable. The flag will be valid for a period of time. 
When a UE is trying to access a network, the access will be directly rejected by network if it is assigned with an unreliable flag. If the UE is assigned with a reliable flag, the access will directly be accepted by network without verification. With this method, location verification can be performed only once when the reliability flag is valid.
Proposal 6: UE can be assigned with reliability flag based on verification result to reduce the frequency of location verification. 
Proposal 7: Network will reject access from UE assigned with unreliable flag and accept access from UE assigned with reliable flag without location verification. 
Conclusions
In this contribution, analysis on network verified UE location for NR-NTN is conducted with following proposals and observations:
Observation 1: UE height reported by UE may not be trustable (e.g., similar concern as GNSS) and available before completion of location verification.
Observation 2: The timing measurement error of SRS and PRS can be smaller than 24ns and 6ns respectively with 95% probability under 30 degree elevation angle for LEO-600 set-1, rural LOS S-band scenario.
Observation 3: Multi-RTT has better performance than UL/DL-TDOA method.
Observation 4: When the ambiguity of single satellite positioning is not considered or can be resolved by other methods, and the measurement period is equal to or larger than 30s, the positioning error of multi-RTT method can be smaller than 10km with over 95% probability for LEO-600 set-1, rural LOS, S-band scenario.
Observation 5: When the ambiguity of single satellite positioning is not considered, and the measurement period is equal to 30s, the positioning error of multi-RTT method can be smaller than 10km with over 90% probability for LEO-600 set-1, rural LOS, S-band scenario.
Observation 6: For earth moving beam case, single-satellite based multi-RTT/UL-TDOA/DL-TDOA with angular information at gNB side cannot achieve target performance.
Observation 7: TA report supported in Rel-17 NTN can be used for RTT estimation.
Observation 8: TA report accuracy is not affected by SNR.
Observation 9: TA reported by UE can be considered to have similar reliability as other RAT dependent parameters since it is related to UL synchronization.
Proposal 1: 3D positioning methods should be applied even if 2D positioning error is the performance metric.
Proposal 2: Single-satellite based multi-RTT positioning method can be used for UE location verification for LEO.
Proposal 3: The earth moving beam case is deprioritized for single satellite based location verification. 
Proposal 4: TA report based location verification method can be investigated as alternative to legacy multi-RTT positioning method.
Proposal 5: TA report with higher granularity can be investigated to improve the location verification performance.
Proposal 6: UE can be assigned with reliability flag based on verification result to reduce the frequency of location verification. 
Proposal 7: Network will reject access from UE assigned with unreliable flag and accept access from UE assigned with reliable flag without location verification.
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[bookmark: _Ref115032974]Table 10 Parameters for evaluation
	Parameter
	Description/Value

	Scenarios 
	Rural, LOS

	Satellite Orbit
	600km

	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
	10M for both UL and DL

	Subcarrier spacing, kHz
	15 for FR1

	Number of satellite in view
	1

	Orbit inclination
	0

	UE type
	Handheld terminal

	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)
	SRS for UL, PRS for DL

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	SRS: comb-2
PRS: comb-2

	Number of symbols used per occasion
	SRS: 12 OS
PRS: 2 OS

	number of occasions used per positioning estimate
	4

	Time window for measurement collection
	[bookmark: _Hlk115084136][bookmark: _Hlk115083860]t0, t0+ δ, t0+ 2δ and t0+ 3δ
δ = [5, 10, 30, 60] for earth fixed beam
δ = [1, 5, 8] for earth moving beam

	Interference modelling (ideal muting, or other)
	Ideal muting

	Reference Signal Transmission Bandwidth
	52 RB for both UL and DL

	Reference point for timing measurement
	Satellite

	Description of positioning technique / applied positioning algorithm 
	Newton method

	UE speed
	3km/h

	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
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