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1. Introduction
New SI on NR positioning enhancements was approved in RAN#86[1]
This study item includes the following objectives:
1. Study enhancements and solutions necessary to support the high accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.) requirements for commercial uses cases (incl. general commercial use cases and specifically (I)IoT use cases as exemplified in section 3 above (Justification)):
a. Define additional scenarios (e.g. (I)IoT) based on TR 38.901 to evaluate the performance for the use cases (e.g. (I)IoT). [RAN1]
b. Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in (I)IoT scenarios and identify any performance gaps. [RAN1]	
c. Identify and evaluate positioning techniques, DL/UL positioning reference signals, signalling and procedures for improved accuracy, reduced latency, network efficiency, and device efficiency.
Enhancements to Rel-16 positioning techniques, if they meet the requirements, will be prioritized, and new techniques will not be considered in this case. [RAN1, RAN2]
NOTE 1:	Sidelink is not part of this objective.
NOTE 2:	Involve RAN4 for validating assumptions for the systems evaluations where appropriate.
NOTE 3:	The commercial use cases and requirements are applicable to a limited geographic area.

Agreement:
· InF-SH and InF-DH models in TR 38.901 are adopted as the baseline scenarios for defining the channel models, parameters and modelling techniques for performance evaluations in the Rel. 17 positioning enhancements at least for IIoT use cases
· Note: Modifications to parameters in the InF-DH models will be discussed separately.
· Note: Target performance and performance gap identification will be discussed separately. 
· Note: Individual companies may consider additional InF models in TR 38.901 as complementary evaluation scenarios in their simulation investigation and the evaluation results can be considered to be captured in the TR 38.857.
· Note: Target positioning requirements may not necessarily be reached for all scenarios.

Agreement:
Clutter parameters {density , height ,size } for high clutter density are set as follows:
· (Baseline): {40%, 2m, 2m } for fixed UE antenna height and gNB antenna height
· (Optional): {40%, 3m, 5m}
· (Optional): {60%, 6m, 2m}
Agreement:
It will be left to companies to define the configurations for DL PRS and UL SRS for the evaluation of positioning performance.
· Note: Configurations of DL PRS and UL SRS supported by Rel-16 specifications are used for evaluation of the achievable performance based on Rel-16 positioning technologies.

Agreement:
CDFs of positioning errors are used as performance metrics in NR positioning evaluation with at least the following percentiles 50%, 67%, 80%, 90%. 
· Note: In addition to overall positioning accuracy performance, companies are encouraged to report the estimation accuracy of UE/gNB measurements (e.g., RSTD) for performance comparison.

Agreement:
Absolute-time-of arrival model defined in TR 38.901 without modification is considered in the evaluation of all scenarios.

Agreement:
Blockage model is not considered in the evaluation of all scenarios

Agreement: (Proposal 5.1-4, Revision 3, in Section 5.1 of R1-2004961)
· Adopt the parameters defined in the Table below as the baseline parameters for all InF scenarios in the evaluation of positioning performance in Rel-17.
· Note: Individual companies may consider additional parameter values or different parameter settings in their simulation investigation
In this contribution, we discuss evaluation assumptions and present evaluation results for InF scenarios. 

2. Discussion and Evaluation Results
To evaluate NR positioning for IIOT use cases, we conducted evaluation in the scenarios of InF-SH and InF-DH.  For detailed simulation parameters, please see the appendix, which follows the assumption agreed in last meeting. DL-TDOA method is evaluated in those scenarios. In the evaluation, positioning method is based on Chan algorithm with equally weighted TOA covariance. We used maximum-likelihood detection to obtain 1/4Ts resolution and good quality of TOA measurement. 
Absolute time of arrival defined in TR38.901 is modelled in our evaluation as agreed. The TOA estimated from a NLOS path could cause severe error to positioning estimate. NLOS probability is higher in DH scenario than SH, and in last meeting it was agreed to modify clutter parameter for more number of LOS channel.  It is observed that, for the scenario of InF-DH, parameter {density, height, size}= {40%, 2m, 2m } and  {40%, 3m, 5m } have similar performance, and both of new parameter combination can greatly improve the performance over the conventional parameter {60%, 6m, 2m } specified for InF-DH. Another parameter affecting the LOS probability is the ISD (value of D). In scenario of InF-DH with D = 50 meters, a portion of UEs have less than 3 sites with LOS channel, and thus the positioning accuracy is poor in this case.  The positioning performance in InF-SH with D = 20m and D = 50m is shown in Figure 1.
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Figure 1 positioning errors in InF-SH scenarios
The positioning performance in InF-DH with D = 20m and D = 50m is shown in Figure 2.
[image: ]
Figure 2 positioning errors in InF-DH scenarios 
Accordingly, the positioning error at 50%, 67%, 80% and 90% UEs in InF-DH and InF-SH scenarios with D = 20m or 50m are summarize in table 1:
Table 1 summary of positioning error for InF scenarios
	Positioning error
	InF-DH with D = 50m
	InF-DH with D=20m
	InF-SH with D = 50m
	InF-SH with D= 20m

	50%
	3.64
	0.21
	0.16
	0.14

	67%
	5.78
	0.29
	0.20
	0.18

	80%
	8.87
	0.75
	0.24
	0.22

	90%
	13.19
	2.47
	0.31
	0.27



From the evaluation results, we can observe:
· In the InF-SH scenario, < 1meter positioning accuracy for 90% of UEs is achievable. Specifically, InF-SH with D = 20m has better performance than InF-SH with D = 50m.
· In the InF-DH scenario, D=20m have 2~3m error for 90% of UEs. With D=50m, positioning error is 13.19m for 90% of UEs and the large ambiguity is caused by NLOS channel.
Thus, we can make the following observation:
Observation1: The performance of DL-TDOA in InF scenarios are:
· In InF-SH scenario, < 1m accuracy for 90% of UEs is achievable.
· In InF-DH scenarios, < 1m accuracy for 90% of UEs is not achievable.  
· D = 20m can achieve 2.47 m accuracy for 90% of UEs.
· D = 50m can achieve 13.19m accuracy for 90% of UEs.
3. Conclusion
In this contribution, we presented our simulation result on NR positioning. Based on the evaluation, the following observation are provided:
Observation1: The performance of DL-TDOA in InF scenarios are:
· In InF-SH scenario, < 1m accuracy for 90% of UEs is achievable.
· In InF-DH scenarios, < 1m accuracy for 90% of UEs is not achievable.  
· D = 20m can achieve 2.47 m accuracy for 90% of UEs.
· D = 50m can achieve 13.19m accuracy for 90% of UEs.
4. Reference

RP-193237, “New SID on NR Positioning Enhancements”, Qualcomm Incorporated, Sitges, Spain, December 9th – 12th, 2019.

Appendix: Evaluation Assumptions
Table: Parameters common to InF scenario(s)
	
	FR1 Specific Values 
	FR2 Specific Values
	Comments (to each of the parameter)

	Channel model
	InF-SH, InF-DH

	InF-SH, InF-DH

	

	Layout 
	Hall size
	InF-SH: 
(baseline) 300x150 m 
(optional) 120x60 m

InF-DH: 
(baseline) 120x60 m
(optional) 300x150 m
	 

	
	BS locations
	18 BSs on a square lattice with spacing D, located D/2 from the walls.
-	for the small hall (L=120m x W=60m): D=20m
-	for the big hall (L=300m x W=150m): D=50m
[image: ]
	

	
	Room height
	10m
	

	Total gNB TX power, dBm
	24dBm
	24dBm
EIRP should not exceed 58 dBm
	

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH=dV=0.5λ – Note 1
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH=dV=0.5λ – Note 1
One TXRU per polarization per panel is assumed
	

	gNB antenna radiation pattern
	Single sector – Note 1
	3-sector antenna configuration – Note 1
	

	Peneteration loss
	0dB
	

	Number of floors
	1
	

	UE horizontal drop procedure
	Uniformly distributed over the horizontal evaluation area for obtaining the CDF values for positioning accuracy, The evaluation area should be at least the convex hull of the horizontal BS deployment. It can also be the whole hall area if the CDF values for positioning accuracy is obtained from whole hall area.
	

	UE antenna height
	Baseline: 1.5m
(Optional): FFS
	

	UE mobility
	3km/h
(Optional): FFS
	

	Min gNB-UE distance (2D), m
	0m
	

	gNB antenna height
	Baseline: 8m
(Optional): FFS
	

	Clutter parameters: {density , height ,size }
	Low clutter density: 
{20%, 2m, 10m}
High clutter density:
See Proposal 5.1-7
	


	Note 1:	According to Table A.2.1-7 in 3GPP TR 38.802
	



	Parameter
	[Source 1, scenario,  FRx]

	Channel model (baseline, otherwise state any modifications)
	Baseline

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	Comb4

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

	Number of sites
	18 sites

	Number of symbols used per slot  per positioning estimate
	4 symbols

	Number of slots per positioning estimate
	single

	Power-boosting level
	none

	Uplink power control (applied/not applied)
	Not applied

	interference modelling (ideal muting, or other)
	Ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	ML

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

	Network synchronization assumptions
	Perfect synchronization

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	No beam operation

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	No precoding

	Additional notes, if any
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