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[bookmark: _Ref513464071]Introduction
In RAN#110-e, the following agreements were made [1].
	Agreement
For SL positioning evaluation in IIOT use case, companies should report how to drop anchor UEs and how to select anchor UEs

Agreement
Adopt the tables in section 3 of R1-2207606 as templates to collect SL positioning simulation results from each company.

Agreement
In the evaluation, relative positioning or ranging is performed between two UEs within X m, where X value(s) are reported by companies, and companies should also report the minimum distance used in the evaluations for each use case. The assumption used for X will be included in the TR for each set of results.

Agreement
For SL positioning evaluation purpose, the following assumptions are further adopted
· Companies should report whether SL-PRS and other SL signals are FDMed or not FDMed, and whether other SL signals are present
· Adopting system level simulations (rather than the link level simulations) as the baseline tool 
· For SL positioning evaluation in highway scenario or urban grid scenario, the performance metrics can include absolute horizontal accuracy, relative horizontal accuracy, ranging with distance accuracy, and ranging with direction accuracy (optionally). 
· In highway and urban grid scenarios, companies can further consider other UE types, e.g. pedestrian UE or VRU devices.


In this contribution, SLS sidelink positioning evaluation results for IIoT scenarios are shown and observations are made.
Evaluation results
Summary of evaluation assumptions
In this section, SLS evaluation results for sidelink positioning are shown. A summary of the evaluation assumptions is presented below. Detailed simulation parameter assumptions are listed in Table A1. 
· Channel model : BS-2-UE channel model defined in TR 38.901 is revised (Option 1 agreed in RAN1#109e)
· The target UE selects anchor UEs based on 
· RSRP
· RSRP and LOS indicator
· The following assumption is assumed with respect to the synchronization error between the anchor UEs
· Perfect synchronization among anchor UEs
· Synchronization error exists between anchor UEs (T1=50 ns)
· The locations of anchor UEs are known without any uncertainty
· Target UEs are dropped 
· uniformly across the entire floor
· uniformly in a convex hull
We considered SL-TDOA and multi-RTT methods for evaluation of sidelink positioning. For evaluation of SL-TDOA method the following parameters are varied to study the effect of each parameter on the accuracy performance:
· Number of anchor UEs dropped and their distribution
· Anchor UE selection criteria (with and without LOS indicator)
· Distribution of the target UEs 
· Synchronization error between anchor UEs

For evaluation of multi-RTT sidelink positioning target UE selects 4 anchor UEs corresponding to 4 highest RSRP values.
Summary of evaluation results
Horizontal and vertical accuracy results of different positioning methods in different scenarios are presented in Table 1 and Table 2, respectively.
[bookmark: _Ref111151016]Table 1 Horizontal accuracy of IIOT sidelink positioning (m)
	
Simulation Case

	
50% ile
	
67% ile
	
80% ile
	
90 %ile

	Case 1: SL-TDOA, Nmax - 5, small hall, height of anchor UEs- 8m, 28 anchor UEs dropped uniformly
	  0.7085    
	1.2506    
	1.8833    
	2.5966

	Case 2: SL-TDOA, Nmax - 5, small hall, height of anchor UE – 8 m, target UEs dropped in Convex hull, 18 Anchor UEs
	0.6275    
	1.1785    
	1.8569    
	2.5681

	Case 3: SL-TDOA, Nmax - 5, (flexible number of) LOS TRP selection , height of anchor UEs- 8m, 28 anchor UEs dropped uniformly
	0.7202    
	1.0812    
	1.6074    
	2.2322

	Case 4: SL-TDOA, Nmax - 5, small hall, height of anchor UEs- 8m, 28 anchor UEs dropped uniformly, enabled synchronization error between anchor UEs
	4.2254    
	5.4050    
	6.6720    
	8.9170

	Case 5: Multi-RTT, small hall, height of anchor UEs- 8m, 28 anchor UEs dropped uniformly
	0.1907    
	0.2375    
	0.2920    
	0.3650
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Based on the results presented in Table 1 and Table 2, the following observations are made. 
Observation 1: For sidelink based positioning, at 90%ile, multi-RTT method achieves approximately 2.23 m horizontal accuracy improvement and 2.14m vertical accuracy improvement over SL-TDOA.
Observation 2: Multi-RTT sidelink positioning method fulfills Set A horizontal accuracy requirements. 
Observation 3: Synchronization error among anchor UEs resulting in horizontal accuracy loss of 6.32 m for 90%ile UEs. (Case 4 vs Case 1)
Observation 4: Use of LOS indicator to select target UE for sidelink positioning leads to accuracy gain of ~0.36 m for 90%ile UEs.  
Table 2 Vertical accuracy of IIOT sidelink positioning (m)
	
Simulation Case

	
50% ile
	
67% ile
	
80% ile
	
90 %ile

	Case 1: SL-TDOA, Nmax - 5, small hall, height of anchor UEs- 8m, 28 anchor UEs dropped uniformly
	0.9877    
	1.4061    
	2.0108    
	3.3708

	Case 2: SL-TDOA, Nmax - 5, small hall, height of anchor UE – 8 m, target UEs dropped in Convex hull, 18 Anchor UEs
	0.9324    
	1.4252    
	2.0053    
	3.2433

	Case 3: SL-TDOA, Nmax - 5, (flexible number of) LOS TRP selection, height of anchor UEs- 8m, 28 anchor UEs dropped uniformly
	1.1748    
	1.8494    
	2.7285    
	3.7424

	Case 4: SL-TDOA, Nmax - 5, small hall, height of anchor UEs- 8m, 28 anchor UEs dropped uniformly, enabled synchronization error between anchor UEs
	1.2893    
	1.6529    
	2.5486    
	3.5200

	Case 5: Multi-RTT, small hall, height of anchor UEs- 8m, 28 anchor UEs dropped uniformly
	0.6893    
	0.8201    
	0.9727    
	1.2306
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Finally, percentiles of UEs which satisfied the requirements agreed in RAN1#109e are shown in Table 3.
Table 3 : UEs satisfying the target positioning accuracy
	Simulation case

	Set A IIoT horizontal accuracy requirements of 1m 

	Set A IIoT vertical accuracy requirements of 1m 

	Set B IIoT horizontal accuracy requirements of 0.2m 

	Set B IIoT vertical accuracy requirements of 0.2m 


	Case 3: SL-TDOA, Nmax - 5, (flexible number of) LOS TRP selection, height of anchor UEs- 8m, 28 anchor UEs dropped uniformly
	64%ile
	44%ile
	14.5%ile
	11%ile

	Case 5: Multi-RTT, small hall, height of anchor UEs- 8m, 28 anchor UEs dropped uniformly
	97%ile
	82%ile
	54%ile
	7.9%ile


Based on the observations, the following proposal is made.
Proposal 1: Study configuration/determination of a synchronization source to synchronize anchor UEs for SL-TDOA
Conclusion.
In this contribution, the following observations and proposals are made.
Observation 1: For sidelink based positioning, at 90%ile, multi-RTT method achieves approximately 2.23 m horizontal accuracy improvement and 2.14m vertical accuracy improvement over SL-TDOA.
Observation 2: Multi-RTT sidelink positioning method fulfills Set A horizontal accuracy requirements. 
Observation 3: Synchronization error among anchor UEs resulting in horizontal accuracy loss of 6.32 m for 90%ile UEs. (Case 4 vs Case 1)
Observation 4: Use of LOS indicator to select target UE for sidelink positioning leads to accuracy gain of ~0.36 m for 90%ile UEs.  
Proposal 1: Study configuration/determination of a synchronization source to synchronize anchor UEs for SL-TDOA
Reference
[1] RAN1 Chairman’s note, RAN1#110e, August 2022.
Appendix.
Table A1: IIoT baseline scenario parameters
	Parameter
	 Values

	Carrier frequency, GHz 
	3.5GHz

	Bandwidth, MHz
	100MHz

	Subcarrier spacing, kHz
	30kHz 

	Channel model
	InF-SH

	Hall size
	small hall (L=120m x W=60m): D=20m

	Number of anchor UE and their locations
	Shown in Table A2

	Room height
	10 m

	Number of floors
	1

	Clutter parameters: {density [image: ][image: ], height [image: ][image: ],size [image: ][image: ]}
	InF-SH - {20%, 2m, 10m}


	Minimum distance between anchor UE and target UE
	5m

	Synchronization error between anchor UEs (T1)
	1) 0 ns
2) 50ns

	Target UE model parameters 
	

	UE noise figure, dB
	9dB 

	UE antenna configuration
	Mg = 1, Ng = 1, P = 2, dH = 0.5λ,
(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1)

	UE antenna radiation pattern 
	Omni, 0dBi

	UE horizontal drop procedure
	Uniformly distributed 
1) within convex hull of anchor UE deployment
2) covering entire factory floor

	UE antenna height
	1.5 m

	Anchor UE model parameters
	

	Anchor UE TX power, dBm
	23dBm

	Anchor UE antenna configuration
	(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH=dV=0.5λ

	Anchor UE antenna radiation pattern
	Omni, 0dBi

	Anchor UE antenna height
	8 m


	Timing measurement error
	Error value ε per timing measurement is added . ε is modelled as a normal distribution with mean=0 and standard deviation=0.25 ns. 




Table A2: Placement of anchor UEs in IIoT scenarios
	Placement pattern #
	Descriptions
	Placement

	1
	18 anchor UEs on a square lattice with spacing D, located D/2 from the walls
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	2
	28 anchor UEs on equally spaced lattice with spacing D.
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