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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN# 110bis-e, a couple of agreements have been achieved on network-verified location for NR NTN [1]:
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


In this contribution, we provide the evaluations on Multi-RTT based approach, DL-TDOA based approach for UE location verification in single-satellite scenario, and provide discussions on network-verified UE location for NR NTN. 

UE location verification based on single satellite
As required by the agreement in RAN1#110bis, in this section, detailed simulation results of positioning CDF errors are provided under the agreed percentile points for single-satellite based positioning by taking satellite’s movement into account. Simulation assumptions for both DL-TDOA positioning and Multi-RTT positioning are given in Table 10 of Appendix A.1. Parameters related to PRS, SRS, and CSI-RS are configured according to [3]. 
As for the issue of mirror position, where the estimated UE location might lie at two points that are symmetric about satellite’s orbit in timing-based positioning methods, it can be resolved via measuring the angle of arrival of uplink signals at gNBs or using beamforming by gNB’s implementation, and thus should not be an issue in evaluating the performance of timing-based positioning methods. 
Observation 1: The issue of mirror position can be resolved at least via using beamforming by gNB’s implementation.

In the following, with the assumption that the issue of mirror position is resolved based on Observation 1, system level evaluation is used to evaluate the performance of UE location verification, in which UEs are randomly dropped in the target area. The corresponding elevation angles during the movement of satellite are within the restriction of minimum elevation angle 30 degree. Therefore, the evaluated area and satellite settings have covered the CNR value range from the link budget requirement of the agreed evaluation scenario.

DL-TDOA and UL-TDOA based UE location verification
In this subsection, time-related measurements in DL-TDOA are performed via PRS and the corresponding parameters are presented in Table 11. As suggested by moderator in the last meeting, timing measurement errors in evaluation of PRS under different elevation angles and bandwidths are presented in Table 1.

[bookmark: _Ref117968661]Table 1 Timing measurement error of PRS
	Maximum timing measurement error (ns)
	PRS (8.64Mhz)
	PRS (4.5MHz)

	Elevation Angle ()
	Average SNR (dB)
	50%
	90%
	95%
	50%
	90%
	95%

	80-90
	3.68
	3.99
	9.52
	11.02
	4.63
	11.07
	13.17

	70-80
	3.44
	4.18
	9.61
	11.25
	4.61
	11.28
	13.39

	60-70
	2.93
	4.04
	9.54
	11.14
	4.72
	11.36
	13.55

	50-60
	2.13
	4.08
	9.69
	11.32
	4.69
	11.28
	13.18

	40-50
	1.00
	4.16
	10.00
	11.75
	4.63
	11.36
	13.88

	30-40
	-0.25
	4.29
	10.14
	12.04
	4.99
	12.39
	15.13



From Table 1, it is observed that the timing measurement error of PRS gradually decreases with the increasing of channel bandwidth. And the timing measurement error can be smaller than 13ns and 16ns under the bandwidth of 8.64MHz and 4.5MHz, respectively, with 95% probability. 
Observation 2: The timing measurement error of PRS can be smaller than 13ns and 16ns with 95% probability under the bandwidth of 8.64MHz and 4.5MHz, respectively. 

With the bandwidth of 8.64MHz, simulation results of the positioning error obtained via 3 RSTDs (4 measurements) and 4 RSTDs (5 measurements), under different time intervals, i.e., 2s, 4s, 8s, 12s, are shown in Table 2 and Table 3, respectively. 

[bookmark: _Ref117968733]Table 2 Positioning error of DL-TDOA via PRS with 3 RSTDs (corresponding to 4 measurement occasions)
	
	
	50%
	67%
	80%
	90%
	95%

	
Positioning error (km)
	2
	8.47
	12.72
	18.11
	28.25
	45.09

	
	4
	3.15
	4.79
	6.81
	10.34
	14.72

	
	8
	1.65
	2.40
	3.32
	5.33
	8.92

	
	12
	1.42
	2.15
	3.03
	4.73
	6.49



[bookmark: _Ref117968734]Table 3 Positioning error of DL-TDOA via PRS with 4 RSTDs (corresponding to 5 measurement occasions)
	
	
	50%
	67%
	80%
	90%
	95%

	
Positioning error (km)
	2
	5.36
	8.15
	11.87
	19.36
	29.54

	
	4
	2.17
	3.24
	4.44
	7.21
	9.60

	
	8
	1.43
	2.02
	2.90
	4.55
	6.89

	
	12
	1.27
	1.95
	2.73
	4.06
	5.72



For PRS-based DL-TDOA positioning, it is observed that the positioning error decreases with the increasing of the time interval. As discussed in [4], although a larger time interval causes larger delay for UE location verification, it brings distinguishable measurements such that positioning accuracy can be improved. By comparing Table 2 and Table 3, it is also found that the positioning error decreases with the increasing number of measurements. It should be noticed that N RSTD measurements corresponds to N+1 measurement occasions. Furthermore, with the accuracy requirement of 5-10 km as proposed in [5], DL-TDOA can meet the accuracy requirement (< 10km) for 90% of UEs under the time interval of 8s with 3 RSTDs (which corresponds to a latency of 8*3=24 seconds) or 4s with 4 RSTDs (which corresponds to a latency of 4*4 = 16 seconds).
Observation 3: With DL-TDOA positioning, the positioning error decreases with the increasing of the time interval and the number of measurements. 
Observation 4: With DL-TDOA positioning, the positioning accuracy of less than 10km @90% UEs can be achieved under the time interval of 8s with 3 RSTDs (which corresponds to a latency of 24 seconds) or 4s with 4 RSTDs (which corresponds to a latency of 16 seconds).

As for single-satellite based UL-TDOA positioning, it is not directly feasible as TA is autonomously updated by UE via an open loop mechanism, where the value is calculated with GNSS-based UE location and can’t be known by the network, as pointed out in [6]. Even though the pre-compensation of a fixed TA is possible on the UE side to enable the measurements of UL-RTOAs, the remaining TA could exceed the CP length, leading to timing misalignment especially in uplink transmissions. 
Observation 5: UL-TDOA positioning is not suitable in verification of UE reported location due to the open-loop TA update on UE, meanwhile even if the pre-compensated TA is fixed on UE in order to enable UL-TDOA based location verification, the remaining TA of UE could exceed the CP length and lead to timing misalignment in uplink transmissions. 

Multi-RTT positioning
In this subsection, simulation results of Multi-RTT positioning, based on PRS and SRS, are presented via making use of Rx-Tx measurements to determine RTTs. As suggested by the Moderator in the last meeting, the parameters of SRS are provided and can be found in Table 12, and timing measurement errors in evaluation of SRS with channel bandwidth of 8.64MHz under different elevation angles are reported in presented in Table 4.

[bookmark: _Ref117969328]Table 4 Timing measurement error of SRS
	Maximum timing measurement error (ns)
	SRS (8.64Mhz)

	Elevation Angle ()
	Average SNR (dB)
	50%
	90%
	95%

	80-90
	-13.96
	21.97
	69.28
	99.98

	70-80
	-14.20
	22.91
	75.63
	110.77

	60-70
	-14.71
	25.57
	86.24
	117.99

	50-60
	-15.52
	31.55
	104.41
	152.12

	40-50
	-16.64
	38.74
	137.28
	193.59

	30-40
	-17.89
	50.75
	175.88
	231.79



Observation 6: The timing measurement error of SRS is smaller than 232 ns with 95% probability. 

In the following, simulation results of the positioning error obtained via 3 RTTs and 4 RTTs are summarized in Table 5 and Table 6, respectively. And parameters of PRS with reference signal bandwidth of 8.64 MHz are the same as the previous subsection.

Table 5 Positioning error of Multi-RTT with 3 RTTs (corresponding to 3 measurement occasions)
	
	
	50%
	67%
	80%
	90%
	95%

	
Positioning error (km)
	2
	1.16
	1.75
	2.60
	4.05
	6.39

	
	4
	0.71
	1.05
	1.51
	2.14
	2.93

	
	8
	0.49
	0.74
	1.03
	1.44
	2.55

	
	12
	0.37
	0.53
	0.74
	1.06
	1.91



Table 6 Positioning error of Multi-RTT with 4 RTTs (corresponding to 4 measurement occasions)
	
	
	50%
	67%
	80%
	90%
	95%

	
Positioning error (km)
	2
	0.96
	1.44
	2.02
	3.22
	5.24

	
	4
	0.60
	0.87
	1.22
	1.72
	2.44

	
	8
	0.41
	0.61
	0.85
	1.25
	2.13

	
	12
	0.33
	0.45
	0.61
	0.89
	1.83



Although Multi-RTT positioning and DL-TDOA positioning follow a similar trend in terms of positioning error, which gradually decreases with the increasing of time interval, the performance of the Multi-RTT based verification mechanism outperforms the DL-TDOA based solution, even with the large timing measurement error of SRS. The main reason is that Multi-RTT positioning is more robust against estimation errors. As an illustrative example of Multi-RTT positioning, even for a timing measurement error up to 200 ns, it only leads to a deviation no larger than 200 ns * 3 * 1e8 m/s = 60 m from the actual RTT, which is tolerable due to the relaxed requirement of positioning accuracy. Furthermore, the difference of DL-RSTDs for two closely located UEs is usually much smaller than that of their RTTs such that a large time interval is generally required to bring distinguishable RSTDs to locate an area. And a similar observation was also drawn from the evaluation of different positioning methods in terrestrial networks [7] that Multi-RTT positioning has higher accuracy than DL-TDOA positioning. 
Observation 7: Multi-RTT positioning outperforms DL-TDOA positioning, and its performance improves with increment of time interval between two measurements.

It is also observed that with Multi-RTT based approach, the positioning accuracy of 10 km for 90% of UEs can be achieved under a shorter latency, which is two times of the time interval of 2s to obtain 3 RTT measurements.
Observation 8: With Multi-RTT positioning, the positioning accuracy of less than 10km @90% UEs can be achieved by 3 RTT measurements with time intervals of 2s (which corresponds to a latency of 4 seconds). 

Furthermore, as specified in [8], the reporting range for DL RSTD measurements in DL-TDOA positioning, as well as UE/gNB Rx-Tx time difference measurements in Multi-RTT positioning, is with the resolution step of , where  is the timingReportingGranularityFactor defined in [9] with  and . Considering the acceptable performance achieved by DL-TDOA positioning and Multi-RTT positioning for the relaxed accuracy requirement in single satellite scenario, the reporting granularity for both RSTD measurements and UE/gNB Rx-Tx time difference measurements can be also relaxed to keep the same reported bits, so a higher value of  would be needed to allow for a relaxed reporting resolution. 

Proposal 1: Considering the acceptable performance achieved by DL-TDOA positioning and Multi-RTT positioning, a higher value of timingReportingGranularityFactor  should be introduced to allow for a relaxed reporting resolution of the corresponding measurements, to keep the similar reporting bits/overhead. 

UE location verification by using CSI-RS
In the previous two subsection, time-related measurements are performed via positioning reference signals, i.e., PRS and SRS, while these measurements can also be performed via existing deployed downlink and uplink signals, e.g., CSI-RS, due to the relaxed requirement on positioning accuracy. In the following, we evaluate the performance of CSI-RS in time-related positioning methods, and the corresponding parameters are presented in Table 13. Timing measurement errors in evaluation of CSI-RS under different elevation angles and bandwidths are presented in presented in Table 7.

[bookmark: _Ref117969436]Table 7 Timing measurement error of CSI-RS
	Maximum timing measurement error (ns)
	CSI-RS(8.64Mhz)
	CSI-RS (4.5MHz)

	Elevation Angle ()
	Average SNR (dB)
	50%
	90%
	95%
	50%
	90%
	95%

	80-90
	3.68
	6.97
	17.31
	21.17
	10.15
	27.30
	33.90

	70-80
	3.44
	7.39
	18.31
	22.14
	10.76
	27.76
	35.18

	60-70
	2.93
	7.32
	19.25
	23.73
	11.21
	29.77
	37.59

	50-60
	2.13
	8.19
	21.28
	26.51
	12.26
	33.03
	41.89

	40-50
	1.00
	9.45
	25.87
	32.73
	14.14
	39.86
	51.12

	30-40
	-0.25
	11.17
	31.75
	40.17
	17.74
	49.74
	67.22



Observation 9: The timing measurement error of CSI-RS can be smaller than 41ns and 68ns with 95% probability under the bandwidth of 8.64MHz and 4.5MHz, respectively. 

Simulation results of the positioning error with CSI-RS obtained via 3 RSTDs (4 measurements) and 4 RSTDs (5 measurements), under different time intervals are shown in Table 8 and Table 9, respectively.

[bookmark: _Ref117969452]Table 8 Positioning error of DL-TDOA via CSI-RS with 3 RSTDs (corresponding to 4 measurement occasions)
	
	
	50%
	67%
	80%
	90%
	95%

	
Positioning error (km)
	2
	17.82
	27.94
	42.51
	61.37
	79.27

	
	4
	5.32
	7.95
	12.23
	18.89
	26.28

	
	8
	2.01
	3.06
	4.32
	7.21
	11.12

	
	12
	1.64
	2.37
	3.43
	5.38
	8.29



[bookmark: _Ref117969459]Table 9 Positioning error of DL-TDOA via CSI-RS with 4 RSTDs (corresponding to 5 measurement occasions)
	
	
	50%
	67%
	80%
	90%
	95%

	
Positioning error (km)
	2
	10.01
	16.05
	24.61
	36.21
	48.45

	
	4
	3.36
	5.16
	7.49
	12.02
	16.93

	
	8
	1.57
	2.26
	3.50
	5.58
	9.71

	
	12
	1.31
	1.96
	2.90
	4.39
	6.10



Firstly, it can be observed that DL-TDOA positioning based on existing CSI-RS can achieve the measurement accuracy target with comparable latency as that by using PRS. By comparing Table 8 and Table 9 with Table 2 and Table 3 as well as Table 5 and Table 6, it is observed that the performance of CSI-RS-based DL-TDOA is slightly worse but close to that of PRS-based DL-TDOA. And a slightly worse but close performance as Table 5 and Table 6 could also be expected when replacing PRS with CSI-RS in Multi-RTT positioning, in which the details are omitted for brevity. This further validates that the time-related measurements can be performed via existing reference signals, e.g., SSB, CSI-RS, TRS, such that the resource overhead due to UE location verification can be avoided/minimized, as well as better power consumption performance considering the reception time at the UE side is not increased if existing signal is used for measurement.
With existing reference signals for UE location verification, the corresponding configurations needs to be transferred from gNB to the LMF [10].

Observation 10: Reusing the existing reference signal (e.g. CSI-RS) for DL-TDOA and Multi-RTT can meet the requirement of UE location verification with comparable latency as that of using PRS/SRS. 
Proposal 2: Support reuse the existing reference signal (e.g. CSI-RS) for DL-TDOA and Multi-RTT to minimize the resource overhead and UE power consumption due to UE location verification, which would introduce specification change to support the transfer of corresponding measurements and configurations to the LMF.

Cell-ID based positioning
Due to the large cell coverage of satellites, solely utilizing cell ID is not a viable solution even under such a low requirement for accuracy. A cell served by a satellite varies from tens of kilometers to hundreds of kilometers. Therefore, the Cell-ID based positioning cannot be utilized to achieve the 5~10km accuracy for UE location verification.
Observation 11: Cell ID information is not sufficient for verification of UE reported location with 5~10km accuracy due to the large cell coverage of satellites. 

Methods like RRM based NR E-CID, which relies on signal level and quality, are also not applicable. As well as being susceptible changes in the propagation channel, measurements such as RSRP and RSRQ are less correlated with geographical positions and would not be sensible to the movement of UEs. If RTT calculations, including UE Rx-Tx and gNB Rx-Tx time difference measurements, are used at the same time, there will be little difference between E-CID positioning method and the one only based on timing measurements as the performance of E-ID is mainly determined by the timing measurement. 
Observation 12: Being susceptible to the change of channel, methods based on measurements that reflect signal level and quality, e.g., RSRP and RSRQ, are not applicable to verify UE reported geographical location. 
Proposal 3: RTT-based E-CID positioning is not needed as there is little difference in performance compared with time-based solutions, e.g. Multi-RTT based solution.

Angle-based positioning
Angle-based positioning methods standardized in [10] for TN are employed to estimate the UE location via angle-of-arrival (AoA) measurements at multiple TRPs, where the antenna configuration at TRPs plays a key role. Specifically, the estimation of AoA relies on a linear array of equally spaced antenna elements since AoA is a function of the phase rotation from the received signals at any two adjacent elements. However, based on the description in [11], reflector antenna, which is not applicable for AoA based positioning, is the common assumption for satellites in 3GPP. The resolution of angle-based positioning methods with reflector antenna is at the beam level, which cannot meet the requirement for location verification. Therefore, AoA information can only be the assistance information for the time-based positioning to solve the potential mirror issue and the application of AoA measurement is gNB’s implementation.
Observation 13: Since reflector antenna is common assumption for satellites in 3GPP NTN, the resolution of angle-based positioning methods with reflector antenna is at the beam level, which cannot meet the requirement for UE location verification.
Proposal 4: Deprioritize AoA based UE location verification as the performance can’t meet the requirement of UE location verification with the assumed reflector antenna at satellite by 3GPP.
Other specification impact for network verification of UE location
Furthermore, for all positioning methods, besides the existing measurements report and configurations such as DL RSTD measurements and DL-PRS configurations in DL-TDOA positioning, UE/gNB Rx-Tx time difference measurements, DL-PRS and SRS configurations in Multi-RTT positioning, ephemeris of satellites, especially satellite positions when downlink signals are transmitted and uplink signals are received, should be known LMF for UE location verification. 

Proposal 5: Ephemeris of satellites, especially when downlink positioning signals are transmitted and uplink positioning signals are received at gNB, should also be transferred to the LMF for UE location verification.

Conclusion
In this contribution, simulation results and discussion about network-verified UE location in single-satellite scenario are provided. The observations and proposals are summarized in the following. 
Observation 1: The issue of mirror position can be resolved at least via using beamforming by gNB’s implementation.
Observation 2: The timing measurement error of PRS can be smaller than 13ns and 16ns with 95% probability under the bandwidth of 8.64MHz and 4.5MHz, respectively. 
Observation 3: With DL-TDOA positioning, the positioning error decreases with the increasing of the time interval and the number of measurements. 
Observation 4: With DL-TDOA positioning, the positioning accuracy of less than 10km @90% UEs can be achieved under the time interval of 8s with 3 RSTDs (which corresponds to a latency of 24 seconds) or 4s with 4 RSTDs (which corresponds to a latency of 16 seconds).
Observation 5: UL-TDOA positioning is not suitable in verification of UE reported location due to the open-loop TA update on UE, meanwhile even if the pre-compensated TA is fixed on UE in order to enable UL-TDOA based location verification, the remaining TA of UE could exceed the CP length and lead to timing misalignment in uplink transmissions. 
Observation 6: The timing measurement error of SRS is smaller than 232 ns with 95% probability. 
Observation 7: Multi-RTT positioning outperforms DL-TDOA positioning, and its performance improves with increment of time interval between two measurements.
Observation 8: With Multi-RTT positioning, the positioning accuracy of less than 10km @90% UEs can be achieved by 3 RTT measurements with time intervals of 2s (which corresponds to a latency of 4 seconds).
Observation 9: The timing measurement error of CSI-RS can be smaller than 41ns and 68ns with 95% probability under the bandwidth of 8.64MHz and 4.5MHz, respectively. 
Observation 10: Reusing the existing reference signal (e.g. CSI-RS) for DL-TDOA and Multi-RTT can meet the requirement of UE location verification with comparable latency as that of using PRS/SRS.
Observation 11: Cell ID information is not sufficient for verification of UE reported location with 5~10km accuracy due to the large cell coverage of satellites. 
Observation 12: Being susceptible to the change of channel, methods based on measurements that reflect signal level and quality, e.g., RSRP and RSRQ, are not applicable to verify UE reported geographical location.
[bookmark: _GoBack]Observation 13: Since reflector antenna is common assumption for satellites in 3GPP NTN, the resolution of angle-based positioning methods with reflector antenna is at the beam level, which cannot meet the requirement for UE location verification.

Proposal 1: Considering the acceptable performance achieved by DL-TDOA positioning and Multi-RTT positioning, a higher value of timingReportingGranularityFactor  should be introduced to allow for a relaxed reporting resolution of the corresponding measurements, to keep the similar reporting bits/overhead. 
 Proposal 2: Support reuse the existing reference signal (e.g. CSI-RS) for DL-TDOA and Multi-RTT to minimize the resource overhead and UE power consumption due to UE location verification, which would introduce specification change to support the transfer of corresponding measurements and configurations to the LMF.
Proposal 3: RTT-based E-CID positioning is not needed as there is little difference in performance compared with time-based solutions, e.g. Multi-RTT based solution.
Proposal 4: Deprioritize AoA based UE location verification as the performance can’t meet the requirement of UE location verification with the assumed reflector antenna at satellite by 3GPP.
Proposal 5: Ephemeris of satellites, especially when downlink positioning signals are transmitted and uplink positioning signals are received at gNB, should also be transferred to the LMF for UE location verification.
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Appendix A: Evaluation Results
A.1 Common parameters
[bookmark: _Ref117967957]Table 10 Common simulation assumption
	Parameter
	Description/Value

	Scenarios 
	Rural, LOS

	Satellite Orbit
	600km

	Satellite orbit eccentricity
	0.005

	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).

	Subcarrier spacing, kHz
	15 for FR1

	Number of satellite in view
	1 for single satellite case,

	Orbit inclination
	90

	Satellite location at 
	

	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

	Interference modelling (ideal muting, or other)
	Ideal muting

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

	Network synchronization
	Truncated Gaussian distribution with zero mean and standard deviation of T1 ns, with truncation of the distribution to the [-T2, T2] range, and with T2=2*T1. T1 = 50ns [2].

	UE/gNB Tx/Rx calibration error
	Truncated Gaussian distribution with zero mean and standard deviation of T1 ns, with truncation of the distribution to the [-T2, T2] range, and with T2=2*T1. 
gNB Rx/Tx Time error T1 = 1.4ns
UE Rx/Tx Time error T1 = 5.6ns

	Reference point for timing measurement
	Satellite

	UE speed
	3km/h



[bookmark: _Ref114654122]A.2 Simulations for DL-TDOA positioning
[bookmark: _Ref114765738]Table 11 PRS simulation assumption
	Parameter
	Description/Value

	Positioning signals 
	PRS

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	DL: Comb-2

	RS type of sequence/number of ports
	Gold / 1

	Number of symbols used per occasion
	6

	PRS configuration
	PRS positions defined in Table 7.4.1.7.3-1 with  and  in [3]



[image: ]
Figure 1 CDF of PRS timing measurement error.
[image: ]
Figure 2 CDF of positioning error for DL-TDLA via PRS with 3 RSTDs.
[image: ]
Figure 3 CDF of positioning error for DL-TDOA via PRS with 4 RSTDs.

A.3 Simulations for Multi-RTT positioning
[bookmark: _Ref117969291]Table 12 SRS simulation assumption
	Parameter
	Description/Value

	Positioning signals 
	SRS 

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	UL: Comb-2

	RS type of sequence/number of ports
	ZC / 1

	Number of symbols used per occasion
	12

	Reference Signal Transmission Bandwidth
	8.64MHz

	SRS configuration
	SRS positions defined in Table 6.4.1.4.3-1 and Table 6.4.1.1.3-2 with , , , , and  in [3]



[image: ]
Figure 4 CDF of SRS timing measurement error.
[image: ]
Figure 5 CDF of positioning error for Multi-RTT with 3 RTTs.
[image: ]
Figure 6 CDF of positioning error for Multi-RTT with 4 RTTs.

A.4 Simulations for DL-TDOA positioning based on CSI-RS
[bookmark: _Ref117969429]Table 13 CSI-RS simulation assumption
	Parameter
	Description/Value

	Positioning signals 
	CSI-RS

	RS type of sequence/number of ports
	Gold / 1

	Number of symbols used per occasion
	1

	CSI-RS configuration
	CSI-RS positions defined in Table 7.4.1.5.3-1 and Table 7.4.1.5.3-2 with , , and  in [3]
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Figure 7 CDF of CSI-RS timing measurement error.
[image: ]
Figure 8 CDF of positioning error for DL-TDOA via CSI-RS with 3 RSTDs.
[image: ]
Figure 9 CDF of positioning error for DL-TDIA via CSI-RS with 4 RSTDs.
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