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1 Introduction
At RAN1#1901ah the following agreements were made to include companies’ evaluation of Rat-dependent positioning methods:
· The template in Section 3 of R1-1901416 is agreed for inclusion of simulation results in Section 8 of the TR
· Section 8 will also include a summary of the results
· These text proposals for Subsections of TR titled “Results from Company …” should be provided by each company as part of their contribution into RAN1#96
· Any analysis of the results can be included in the contribution but should be separate from the above text proposal 
In this contribution, simulation results on DL based OTDOA positioning methods are provided, because we think this method can still offer the best performance at same situation as other methods and enjoy the biggest potential to be widely used in actual implementation.
2 OTDOA positioning methods introduction
Observed Time Difference Of Arrival(OTDOA) is a downlink multilateration method in which the User Equipment(UE) measures the time of arrival(TOA) of signals received from multiple TPs. The TOAs from several neighboring TPs are subtracted from a TOA of a reference transmitter to form Observed Time Difference Of Arrivals.
Geometrically, each time difference determines a hyperbola, and the point at which these hyperbolas intersect is the desired UE location. [1] 
3 System Level Simulation Results
In this section we give our simulation results of OTDOA positioning in different scenarios from the agreements made by RAN1 [2] and additional required parameters were provided in appendix. 
3.1 Scenario 1 – Indoor Open Office
The text proposal capturing our results for Scenario 1 is provided in appendix.
3.1.1 Simulation results
The horizontal accuracy CDF of Indoor Open office in FR1 is illustrated in Figure 1 where 100 MHz bandwidth is assumed at 4 GHz band. Both perfect synchronization and T1 = 50ns cases are simulated. 
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Figure 1 Horizontal distance error (in meters) of InH for FR1 
The horizontal accuracy CDF of Indoor Open office in FR2 is illustrated in Figure 2 where 400 MHz bandwidth is assumed at 30 GHz band. Both perfect synchronization and T1 = 50ns cases are simulated. 
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Figure 2 Horizontal distance error (in meters) of InH for FR2 
The results are collected in the following Table 1.
Table 1 Horizontal positioning error for different percentile and synchronization assumptions, Indoor open office
	Percentile
	50
	67
	80
	90

	FR1, Perfect sync 
	1.276 m
	2.125 m
	3.122 m
	4.659 m

	FR1, T1=50 ns
	14.29 m
	19.15 m
	23.35 m
	28.8 m

	FR2, Perfect sync 
	0.2737 m
	0.4774 m
	0.7 m
	1.029 m

	FR2, T1=50 ns
	12.48 m
	15.51 m
	18.12 m
	21.08 m



3.1.2 Summary of results for Scenario 1
Observation 1: Synchronization error is a key influence factor of positioning accuracy, the commercial requirement of indoor scenario cannot be met with agreed synchronization error in either FR1 or FR2.
3.2 Scenario 2 – Urban micro
The text proposal capturing our results for scenario 2 is provided in appendix.
 3.2.1 Simulation results
The horizontal accuracy CDF of UMI scenario in FR1 is illustrated in Figure 3 where 100 MHz bandwidth is assumed at 4 GHz band. Both perfect synchronization and T1 = 50ns cases are simulated. 
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Figure 3 Horizontal distance error (in meters) of UMI for FR1
The horizontal accuracy CDF of UMI scenario in FR3 is illustrated in Figure 4 where 400 MHz bandwidth is assumed at 30 GHz band. Both perfect synchronization and T1 = 50ns cases are simulated. 
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Figure 4 Horizontal distance error (in meters) of UMI for FR2
The results are collected in Table 2:
Table 2 Horizontal positioning error for different percentile and synchronization assumptions, UMT
	Percentile
	50
	67
	80
	90

	FR1, Perfect sync, 
	0.3614 m
	0.5881 m
	1.023 m
	2.602 m

	FR1, T1 = 50 ns
	18.72 m
	22.06 m
	26.22 m
	35.56 m

	FR2, Perfect sync
	0.4223 m
	0.6937 m
	1.08 m
	2.275 m

	FR2, T1 = 50 ns
	12.48 m
	15.51 m
	26.93 m
	38.75 m



3.2.2 Summary of results for Scenario 2
Observation 2: Synchronization error is the key influence factor of positioning accuracy.With agreed synchronization error, the commercial requirement of outdoor scenario cannot be met in UMI simulation in either FR1 or FR2.
4 Conclusion
In this document, based on the simulations , the following observation can be drawn:
Observation 1: The commercial requirement of indoor scenario cannot be met with agreed synchronization error in either FR1 or FR2.
Observation 2: With agreed synchronization error, the commercial requirement of outdoor scenario cannot be met in UMI simulation in either FR1 or FR2.
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Appendix: TR skeleton for section 8

8 Evaluation Results of NR Positioning 
Editor’s Note: To be determined. Evaluate physical layer design options, measurements, and/or any additional impacts or enhancements, as applicable per technology, for RAT-dependent and RAT-independent positioning systems, including suitable frequencies and signals.
8.1 Downlink evaluations
8.1.1 System simulations for Scenario 1 – Indoor Open Office
8.1.1.1 Results from ZTE
--------------------- Start TP ------------------------------
The parameters corresponding to the results are listed in table 1 below.
Table 1 Parameters for Downlink evaluations in Scenario 1
	[bookmark: OLE_LINK2]Parameter
	[ZTE, FR1]
	[ZTE, FR2]

	Channel model (baseline, otherwise state any modifications)
	Baseline Indoor open office
	Baseline indoor open office

	Carrier frequency 
	4GHz
	30GHz

	Subcarrier spacing
	30 KHz
	120KHz

	Reference Signal Transmission Bandwidth
	100MHz
	400MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	Reuse LTE PRS pattern
	Reuse LTE PRS pattern

	Reference signal (type of sequence, number of ports, …) 
	Reuse LTE PRS sequence, one port
	Reuse LTE PRS sequence, one port

	Number of sites
	12
	12

	Number of symbols used per occasion
	8
	8

	number of occasions used per positioning estimate
	1
	1

	Power-boosting level
	No
	No

	Uplink power control (applied/not applied)
	Not applied
	Not applied

	interference modelling (ideal muting, or other)
	Ideal muting
	Ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Correlation peak detection
	Correlation peak detection

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Combination of leat square and taylor series
	Combination of leat square and taylor series

	Network synchronization assumptions
	Perfect sync  and T1=50
	Perfect sync  and T1=50

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Enhancement of first cluster by precoding
	Enhancement of first cluster by precoding

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	
	

	Additional notes, if any
	 
	



The results corresponding to the Indoor open office scenario are provided below in figure 1-2 and table 2:
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Figure 1 Horizontal distance error of InH in meters(FR1) 
[image: ]
Figure 2 Horizontal distance error of InH in meters(FR2)
Table 2 results for downlink methods evaluations of Scenario 1 – Indoor Open Office 
	Percentile
	50
	67
	80
	90

	FR1, Perfect sync 
	1.276 m
	2.125 m
	3.122 m
	4.659 m

	FR1, T1=50 ns
	14.29 m
	19.15 m
	23.35 m
	28.8 m

	FR2, Perfect sync 
	0.2737 m
	0.4774 m
	0.7 m
	1.029 m

	FR2, T1=50 ns
	12.48 m
	15.51 m
	18.12 m
	21.08 m



-------------------- End TP ------------------------------
8.1.2 System simulations for Scenario 2 - Umi 
8.1.2.1 Results from ZTE
The parameters corresponding to the results are listed in table 3 below.
Table 3 Parameters for Downlink evaluations in Scenario 2
	Parameter
	[ZTE, FR1]
	[ZTE, FR2]

	Channel model (baseline, otherwise state any modifications)
	Baseline Umi
	Baseline Umi

	Carrier frequency 
	4GHz
	30GHz

	Subcarrier spacing
	30 KHz
	120KHz

	Reference Signal Transmission Bandwidth
	100MHz
	400MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	Reuse LTE PRS pattern
	Reuse LTE PRS pattern

	Reference signal (type of sequence, number of ports, …) 
	Reuse LTE PRS sequence, one port
	Reuse LTE PRS sequence, one port

	Number of sites
	7
	7

	Number of symbols used per occasion
	8
	8

	number of occasions used per positioning estimate
	1
	1

	Power-boosting level
	No
	No

	Uplink power control (applied/not applied)
	Not applied
	Not applied

	interference modelling (ideal muting, or other)
	Ideal muting
	Ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Correlation peak detection
	Correlation peak detection

	Description of positioning technique / applied positioning algorithm (e.g. Least square, taylor series, etc)
	Combination of leat square and taylor series
	Combination of leat square and taylor series

	Network synchronization assumptions
	Perfect sync  and T1=50
	Perfect sync  and T1=50

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	Enhancement of first cluster by precoding
	Enhancement of first cluster by precoding

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	
	

	Additional notes, if any
	 
	


The results corresponding to the Umi scenario are provided below in figure 3-4 and table 4.
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Figure 3 Horizontal distance error of UMI in meters(FR1)
[image: ]
Figure 4 Horizontal distance error of UMI in meters(FR2)
Table 4 results for downlink methods evaluations of Scenario 2 – Umi 
	Percentile
	50
	67
	80
	90

	FR1, Perfect sync, 
	0.3614 m
	0.5881 m
	1.023 m
	2.602 m

	FR1, T1 = 50 ns
	18.72 m
	22.06 m
	26.22 m
	35.56 m

	FR2, Perfect sync
	0.4223 m
	0.6937 m
	1.08 m
	2.275 m

	FR2, T1 = 50 ns
	12.48 m
	15.51 m
	26.93 m
	38.75 m
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