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1. Introduction
The following agreements on the evaluation of SL positioning were made in RAN1 #110 meeting.
	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, we discuss the evaluation methodology for SL positioning assessment and the relevant performance results.
2. Evaluation results
This section provides the system level simulation results on the V2X use cases. The simulated SL positioning methods are SL single RTT for relative positioning or ranging, SL multi-RTT and SL TDOA for absolute positioning. The details on the simulation assumption, the system parameters and the performance results are given in the following sub-sections. The common assumptions for all scenarios are listed in Table 1.
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	Parameter
	

	Carrier frequency
	6 GHz

	Subcarrier spacing
	60 kHz

	Reference Signal Transmission Bandwidth
	20MHz, 40 MHz, 100MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	(comb size, #symbols) = (1,1), (6,6), (12,12)

	Reference signal including PRS, SRS and SL-PRS
(type of sequence, number of ports, …)
	DL PRS

	Number of symbols used per occasion
	(comb size, #symbols) = (1,1), (6,6), (12,12)

	number of occasions used per positioning estimate
	1 (single shot estimation)

	Power-boosting level
	No power boosting

	Uplink power control (applied/not applied)
	Not relevant

	interference modelling (ideal muting, or other)
	No transmission of data multiplexed with SL PRS
Every UE is always participating in SL positioning

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Matched filter, MUSIC

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	Chan estimator [1]

	Synchronization assumptions
	Ideal synchronization

	UE/gNB RX and TX timing error assumption
	No timing error

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

	Additional notes, if any
	


2.1 SL single-RTT for V2X use case
We have simulated SL single RTT for relative SL positioning or ranging between UEs in highway scenario. The basic assumptions for SL single RTT are as follows. First of all, among the vehicles on the road configured by the agreed scenarios and deployments, a pair of UEs were randomly selected at every instance of SL single RTT. There is no SL data multiplexing with SL PRS, so no interference from the SL data communication. The SL PRS resources were selected based on UE sensing, similar to mode-2 resource allocation in SL communication. As agreed, the resource (re)selection procedure in SL communication was reused as much as possible. That is, RSRP-based resource exclusion was implemented in simulation. SCI was used for the control channel associated to the SL PRS transmission. Every vehicle sends SL PRS with the period of 100 slots. SL mode-2 resource selection mechanism was implemented and the resource selection window was configured with the length of 50 slots. For SL single RTT, the SL PRS transmission and reception are done within the resource selection window after the SL single RTT was triggered. The ideal synchronization between UEs were assumed, so no double-side RTT was performed. DL PRS sequence and the comb pattern were used for SL PRS. The case ID and relevant parameters for simulation can be found in Table 2.
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	Parameters
	Case 1-1
	Case 1-2
	Case 1-3
	Case 2-1
	Case 2-2
	Case 2-3

	Positioning method
	SL s-RTT
	SL s-RTT
	SL s-RTT
	SL s-RTT
	SL s-RTT
	SL s-RTT

	SL PRS comb size
	1
	1
	1
	6
	6
	6

	SL PRS #symbols
	1
	1
	1
	6
	6
	6

	Estimation method
	MF
	MF
	MF
	MF
	MF
	MF

	Selected values of X (m)
	80
	80
	80
	80
	80
	80

	SL PRS BW (MHz)
	20
	40
	100
	20
	40
	100

	Parameters
	Case 3-1
	Case 3-2
	Case 3-3
	Case 4-1
	Case 4-2
	Case 4-3

	Positioning method
	SL s-RTT
	SL s-RTT
	SL s-RTT
	SL s-RTT
	SL s-RTT
	SL s-RTT

	SL PRS comb size
	12
	12
	12
	1
	1
	1

	SL PRS #symbols
	12
	12
	12
	1
	1
	1

	Estimation method
	MF
	MF
	MF
	MF
	MF
	MF

	Selected values of X (m)
	80
	80
	80
	160
	160
	160

	SL PRS BW (MHz)
	20
	40
	100
	20
	40
	100

	Parameters
	Case 5-1
	Case 5-2
	Case 5-3
	Case 6-1
	Case 6-2
	Case 6-3

	Positioning method
	SL s-RTT
	SL s-RTT
	SL s-RTT
	SL s-RTT
	SL s-RTT
	SL s-RTT

	SL PRS comb size
	6
	6
	6
	12
	12
	12

	SL PRS #symbols
	6
	6
	6
	12
	12
	12

	Estimation method
	MF
	MF
	MF
	MF
	MF
	MF

	Selected values of X (m)
	160
	160
	160
	160
	160
	160

	SL PRS BW (MHz)
	20
	40
	100
	20
	40
	100


The CDF graph of SL single-RTT can be found in our contribution to RAN1#110 meeting [2], and the summary of the results are listed in Table 3. The simulation results show that Set A requirement is met with SL PRS BW≥40MHz, even when a simple estimation method such as matched filter (MF) is used for TOA measurement. There is no big performance difference between different comb patterns. The UE distance within 50m clearly shows performance improvement over the UE distance within 160m, regardless of BW and comb pattern.
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	Case ID & brief description 
	50%
	67%
	80%
	90%
	Set A req.
	Set B req.

	Case 1-1, s-RTT, BW=20MHz, X=80m
	0.49
	0.73
	1.07
	1.68
	No. 88%
	No. 51%

	Case 2-1, s-RTT, BW=20MHz, X=80m
	0.49
	0.72
	1.03
	1.56
	No. 89%
	No. 51%

	Case 3-1, s-RTT, BW=20MHz, X=80m
	0.50
	0.75
	1.06
	1.61
	No. 89%
	No. 50%

	Case 4-1, s-RTT, BW=20MHz, X=160m
	0.52
	0.80
	1.16
	2.03
	No. 86%
	No. 49%

	Case 5-1, s-RTT, BW=20MHz, X=160m
	0.51
	0.76
	1.14
	1.85
	No. 86%
	No. 49%

	Case 6-1, s-RTT, BW=20MHz, X=160m
	0.51
	0.78
	1.14
	1.89
	No. 86%
	No. 49%

	Case 1-2, s-RTT, BW=40MHz, X=80m
	0.41
	0.60
	0.81
	1.17
	Yes
	No. 59%

	Case 2-2, s-RTT, BW=40MHz, X=80m
	0.42
	0.59
	0.81
	1.18
	Yes
	No. 59%

	Case 3-2, s-RTT, BW=40MHz, X=80m
	0.43
	0.61
	0.84
	1.17
	Yes
	No. 58%

	Case 4-2, s-RTT, BW=40MHz, X=160m
	0.43
	0.63
	0.90
	1.40
	Yes
	No. 56%

	Case 5-2, s-RTT, BW=40MHz, X=160m
	0.42
	0.61
	0.86
	1.35
	Yes
	No. 58%

	Case 6-2, s-RTT, BW=40MHz, X=160m
	0.44
	0.64
	0.89
	1.43
	Yes
	No. 56%

	Case 1-3, s-RTT, BW=100MHz, X=80m
	0.34
	0.45
	0.56
	0.72
	Yes
	No. 73%

	Case 2-3, s-RTT, BW=100MHz, X=80m
	0.33
	0.45
	0.56
	0.71
	Yes
	No. 74%

	Case 3-3, s-RTT, BW=100MHz, X=80m
	0.34
	0.46
	0.57
	0.73
	Yes
	No. 72%

	Case 4-3, s-RTT, BW=100MHz, X=160m
	0.34
	0.46
	0.58
	0.84
	Yes
	No. 72%

	Case 5-3, s-RTT, BW=100MHz, X=160m
	0.33
	0.45
	0.58
	0.81
	Yes
	No. 72%

	Case 6-3, s-RTT, BW=100MHz, X=160m
	0.34
	0.46
	0.58
	0.82
	Yes
	No. 72%


Conclusion 1: For V2X use cases, SL single-RTT for ranging with 40MHz BW satisfies Set A distance accuracy requirement
2.2 SL multi-RTT for V2X use case
We have simulated SL multi-RTT for absolute SL positioning in highway scenario. The RSUs were deployed as the anchor nodes for positioning reference. Two types of the RSU deployments were implemented – symmetric and staggered. Regarding the number of RSUs for SL multi-RTT, the simulations were performed with 3, 5 and 7 RSUs that have the strongest RSRP values among the available RSUs around UE. Each RSU transmits SL PRS with the periodicity of 100ms. The SL PRS resources were selected by RSU based on sensing. Similar to the SL single RTT case, resource (re)selection procedure in SL communication was reused as much as possible. After receiving SL PRSs from RSUs, UE transmits a single SL PRS to all the RSUs. Other parameters used for SL multi-RTT depending on the cases are listed in Table 4.
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	Parameters
	Case 7-1
	Case 7-2
	Case 7-3
	Case 8-1
	Case 8-2
	Case 8-3

	Positioning method
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT

	SL PRS comb size
	1
	1
	1
	1
	1
	1

	SL PRS #symbols
	1
	1
	1
	1
	1
	1

	Estimation method
	MF
	MF
	MF
	MF
	MF
	MF

	RSU deployment
	staggered
	staggered
	staggered
	symmetric
	symmetric
	symmetric

	# anchor nodes
	3
	3
	3
	3
	3
	3

	SL PRS BW (MHz)
	20
	40
	100
	20
	40
	100

	Parameters
	Case 9-1
	Case 9-2
	Case 9-3
	Case 10-1
	Case 10-2
	Case 10-3

	Positioning method
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT

	SL PRS comb size
	1
	1
	1
	1
	1
	1

	SL PRS #symbols
	1
	1
	1
	1
	1
	1

	Estimation method
	MF
	MF
	MF
	MF
	MF
	MF

	RSU deployment
	staggered
	staggered
	staggered
	symmetric
	symmetric
	symmetric

	# anchor nodes
	5
	5
	5
	5
	5
	5

	SL PRS BW (MHz)
	20
	40
	100
	20
	40
	100

	Parameters
	Case 11-1
	Case 11-2
	Case 11-3
	Case 12-1
	Case 12-2
	Case 12-3

	Positioning method
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT

	SL PRS comb size
	1
	1
	1
	1
	1
	1

	SL PRS #symbols
	1
	1
	1
	1
	1
	1

	Estimation method
	MF
	MF
	MF
	MF
	MF
	MF

	RSU deployment
	staggered
	staggered
	staggered
	symmetric
	symmetric
	symmetric

	# anchor nodes
	7
	7
	7
	7
	7
	7

	SL PRS BW (MHz)
	20
	40
	100
	20
	40
	100

	Parameters
	Case 13-1
	Case 13-2
	Case 13-3
	Case 14-1
	Case 14-2
	Case 14-3

	Positioning method
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT

	SL PRS comb size
	6
	6
	6
	6
	6
	6

	SL PRS #symbols
	6
	6
	6
	6
	6
	6

	Estimation method
	MF
	MF
	MF
	MF
	MF
	MF

	RSU deployment
	staggered
	staggered
	staggered
	symmetric
	symmetric
	symmetric

	# anchor nodes
	3
	3
	3
	3
	3
	3

	SL PRS BW (MHz)
	20
	40
	100
	20
	40
	100

	Parameters
	Case 15-1
	Case 15-2
	Case 15-3
	Case 16-1
	Case 16-2
	Case 16-3

	Positioning method
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT

	SL PRS comb size
	6
	6
	6
	6
	6
	6

	SL PRS #symbols
	6
	6
	6
	6
	6
	6

	Estimation method
	MF
	MF
	MF
	MF
	MF
	MF

	RSU deployment
	staggered
	staggered
	staggered
	symmetric
	symmetric
	symmetric

	# anchor nodes
	5
	5
	5
	5
	5
	5

	SL PRS BW (MHz)
	20
	40
	100
	20
	40
	100

	Parameters
	Case 17-1
	Case 17-2
	Case 17-3
	Case 18-1
	Case 18-2
	Case 18-3

	Positioning method
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT

	SL PRS comb size
	6
	6
	6
	6
	6
	6

	SL PRS #symbols
	6
	6
	6
	6
	6
	6

	Estimation method
	MF
	MF
	MF
	MF
	MF
	MF

	RSU deployment
	staggered
	staggered
	staggered
	symmetric
	symmetric
	symmetric

	# anchor nodes
	7
	7
	7
	7
	7
	7

	SL PRS BW (MHz)
	20
	40
	100
	20
	40
	100

	Parameters
	Case 19-1
	Case 19-2
	Case 19-3
	Case 20-1
	Case 20-2
	Case 20-3

	Positioning method
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT

	SL PRS comb size
	12
	12
	12
	12
	12
	12

	SL PRS #symbols
	12
	12
	12
	12
	12
	12

	Estimation method
	MF
	MF
	MF
	MF
	MF
	MF

	RSU deployment
	staggered
	staggered
	staggered
	symmetric
	symmetric
	symmetric

	# anchor nodes
	3
	3
	3
	3
	3
	3

	SL PRS BW (MHz)
	20
	40
	100
	20
	40
	100

	Parameters
	Case 21-1
	Case 21-2
	Case 21-3
	Case 22-1
	Case 22-2
	Case 22-3

	Positioning method
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT

	SL PRS comb size
	12
	12
	12
	12
	12
	12

	SL PRS #symbols
	12
	12
	12
	12
	12
	12

	Estimation method
	MF
	MF
	MF
	MF
	MF
	MF

	RSU deployment
	staggered
	staggered
	staggered
	symmetric
	symmetric
	symmetric

	# anchor nodes
	5
	5
	5
	5
	5
	5

	SL PRS BW (MHz)
	20
	40
	100
	20
	40
	100

	Parameters
	Case 23-1
	Case 23-2
	Case 23-3
	Case 24-1
	Case 24-2
	Case 24-3

	Positioning method
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT

	SL PRS comb size
	12
	12
	12
	12
	12
	12

	SL PRS #symbols
	12
	12
	12
	12
	12
	12

	Estimation method
	MF
	MF
	MF
	MF
	MF
	MF

	RSU deployment
	staggered
	staggered
	staggered
	symmetric
	symmetric
	symmetric

	# anchor nodes
	7
	7
	7
	7
	7
	7

	SL PRS BW (MHz)
	20
	40
	100
	20
	40
	100


The CDF graph of SL multi-RTT can be found in our contribution to RAN1#110 meeting [2], and the summary of the results are listed in Table 5. The simulation results show that Set A requirement is met with SL PRS BW=100MHz, when a simple estimation method such as matched filter (MF) is used for TOA measurement. The performance of SL multi-RTT with more optimized estimation technique such as MUSIC can be discussed in the later paragraph of this document. The positioning error decreases as the number of anchor nodes increase, except when the number of anchor nodes are 7. In this case, the interference level from UEs can be increased due to hidden node problem, so some optimization may be needed. The positioning error slightly decreases when the comb size and the number of symbols increase. The general tendency regarding RSU deployment, the staggered RSU deployment shows some gains over the symmetric one.
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	Case ID & brief description 
	50%
	67%
	80%
	90%
	Set A req.
	Set B req.

	Case 7-1, m-RTT, BW=20MHz, RSU staggered
	0.74
	1.03
	1.41
	2.21
	No. 82%
	No. 30%

	Case 9-1, m-RTT, BW=20MHz, RSU staggered
	0.73
	1.08
	1.76
	8.36
	No. 77%
	No. 32%

	Case 11-1, m-RTT, BW=20MHz, RSU staggered
	0.92
	1.81
	14.64
	27.03
	No. 64%
	No. 27%

	Case 13-1, m-RTT, BW=20MHz, RSU staggered
	0.74
	1.02
	1.41
	2.16
	No. 82%
	No. 30%

	Case 15-1, m-RTT, BW=20MHz, RSU staggered
	0.72
	1.04
	1.58
	3.23
	No. 79%
	No. 32%

	Case 17-1, m-RTT, BW=20MHz, RSU staggered
	0.84
	1.43
	3.76
	17.12
	No. 68%
	No. 28%

	Case 19-1, m-RTT, BW=20MHz, RSU staggered
	0.75
	1.04
	1.43
	2.17
	No. 82%
	No. 29%

	Case 21-1, m-RTT, BW=20MHz, RSU staggered
	0.72
	1.03
	1.53
	2.86
	No. 80%
	No. 32%

	Case 23-1, m-RTT, BW=20MHz, RSU staggered
	0.83
	1.33
	2.72
	9.81
	No. 70%
	No. 28%

	Case 8-1, m-RTT, BW=20MHz, RSU symmetric
	0.76
	1.04
	1.46
	2.36
	No. 81%
	No. 29%

	Case 10-1, m-RTT, BW=20MHz, RSU symmetric
	0.73
	1.10
	1.84
	7.86
	No. 76%
	No. 32%

	Case 12-1, m-RTT, BW=20MHz, RSU symmetric
	0.93
	1.83
	13.35
	26.10
	No. 64%
	No. 27%

	Case 14-1, m-RTT, BW=20MHz, RSU symmetric
	0.76
	1.04
	1.44
	2.23
	No. 81%
	No. 29%

	Case 16-1, m-RTT, BW=20MHz, RSU symmetric
	0.72
	1.05
	1.58
	3.09
	No. 79%
	No. 33%

	Case 18-1, m-RTT, BW=20MHz, RSU symmetric
	0.84
	1.38
	3.13
	15.62
	No. 69%
	No. 29%

	Case 20-1, m-RTT, BW=20MHz, RSU symmetric
	0.76
	1.05
	1.46
	2.24
	No. 81%
	No. 29%

	Case 22-1, m-RTT, BW=20MHz, RSU symmetric
	0.73
	1.07
	1.60
	2.96
	No. 78%
	No. 32%

	Case 24-1, m-RTT, BW=20MHz, RSU symmetric
	0.85
	1.40
	2.82
	9.59
	No. 69%
	No. 28%

	
	
	
	
	
	
	

	Case 7-2, m-RTT, BW=40MHz, RSU staggered
	0.62
	0.82
	1.11
	1.65
	No. 88%
	No. 38%

	Case 9-2, m-RTT, BW=40MHz, RSU staggered
	0.56
	0.78
	1.13
	2.04
	No. 86%
	No. 44%

	Case 11-2, m-RTT, BW=40MHz, RSU staggered
	0.62
	0.96
	1.81
	15.97
	No. 77%
	No. 40%

	Case 13-2, m-RTT, BW=40MHz, RSU staggered
	0.63
	0.84
	1.12
	1.68
	No. 88%
	No. 37%

	Case 15-2, m-RTT, BW=40MHz, RSU staggered
	0.56
	0.79
	1.15
	2.06
	No. 86%
	No. 43%

	Case 17-2, m-RTT, BW=40MHz, RSU staggered
	0.63
	0.96
	1.72
	8.56
	No. 78%
	No. 39%

	Case 19-2, m-RTT, BW=40MHz, RSU staggered
	0.62
	0.83
	1.12
	1.69
	No. 88%
	No. 38%

	Case 21-2, m-RTT, BW=40MHz, RSU staggered
	0.56
	0.78
	1.12
	1.85
	No. 87%
	No. 44%

	Case 23-2, m-RTT, BW=40MHz, RSU staggered
	0.60
	0.90
	1.43
	3.27
	No. 81%
	No. 41%

	Case 8-2, m-RTT, BW=40MHz, RSU symmetric
	0.63
	0.85
	1.14
	1.73
	No. 88%
	No. 37%

	Case 10-2, m-RTT, BW=40MHz, RSU symmetric
	0.57
	0.81
	1.21
	2.24
	No. 85%
	No. 43%

	Case 12-2, m-RTT, BW=40MHz, RSU symmetric
	0.64
	1.02
	2.01
	16.39
	No. 76%
	No. 39%

	Case 14-2, m-RTT, BW=40MHz, RSU symmetric
	0.63
	0.85
	1.15
	1.79
	No. 87%
	No. 37%

	Case 16-2, m-RTT, BW=40MHz, RSU symmetric
	0.57
	0.80
	1.18
	2.10
	No. 85%
	No. 43%

	Case 18-2, m-RTT, BW=40MHz, RSU symmetric
	0.62
	0.95
	1.65
	5.72
	No. 78%
	No. 40%

	Case 20-2, m-RTT, BW=40MHz, RSU symmetric
	0.63
	0.85
	1.15
	1.76
	No. 87%
	No. 37%

	Case 22-2, m-RTT, BW=40MHz, RSU symmetric
	0.57
	0.80
	1.17
	1.97
	No. 86%
	No. 43%

	Case 24-2, m-RTT, BW=40MHz, RSU symmetric
	0.62
	0.94
	1.51
	3.38
	No. 80%
	No. 40%

	
	
	
	
	
	
	

	Case 7-3, m-RTT, BW=100MHz, RSU staggered
	0.47
	0.61
	0.77
	1.07
	Yes
	No. 54%

	Case 9-3, m-RTT, BW=100MHz, RSU staggered
	0.40
	0.52
	0.69
	1.09
	Yes
	No. 64%

	Case 11-3, m-RTT, BW=100MHz, RSU staggered
	0.40
	0.56
	0.81
	1.50
	Yes
	No. 62%

	Case 13-3, m-RTT, BW=100MHz, RSU staggered
	0.48
	0.62
	0.77
	1.06
	Yes
	No. 53%

	Case 15-3, m-RTT, BW=100MHz, RSU staggered
	0.40
	0.53
	0.69
	1.07
	Yes
	No. 64%

	Case 17-3, m-RTT, BW=100MHz, RSU staggered
	0.40
	0.55
	0.78
	1.34
	Yes
	No. 62%

	Case 19-3, m-RTT, BW=100MHz, RSU staggered
	0.49
	0.64
	0.81
	1.13
	Yes
	No. 51%

	Case 21-3, m-RTT, BW=100MHz, RSU staggered
	0.42
	0.56
	0.74
	1.14
	Yes
	No. 60%

	Case 23-3, m-RTT, BW=100MHz, RSU staggered
	0.42
	0.58
	0.83
	1.37
	Yes
	No. 59%

	Case 8-3, m-RTT, BW=100MHz, RSU symmetric
	0.48
	0.62
	0.79
	1.08
	Yes
	No. 52%

	Case 10-3, m-RTT, BW=100MHz, RSU symmetric
	0.40
	0.54
	0.73
	1.16
	Yes
	No. 63%

	Case 12-3, m-RTT, BW=100MHz, RSU symmetric
	0.40
	0.58
	0.85
	1.58
	No. 94%
	No. 60%

	Case 14-3, m-RTT, BW=100MHz, RSU symmetric
	0.48
	0.63
	0.79
	1.09
	Yes
	No. 52%

	Case 16-3, m-RTT, BW=100MHz, RSU symmetric
	0.40
	0.54
	0.73
	1.16
	Yes
	No. 63%

	Case 18-3, m-RTT, BW=100MHz, RSU symmetric
	0.40
	0.57
	0.83
	1.46
	Yes
	No. 61%

	Case 20-3, m-RTT, BW=100MHz, RSU symmetric
	0.47
	0.61
	0.77
	1.07
	Yes
	No. 53%

	Case 22-3, m-RTT, BW=100MHz, RSU symmetric
	0.40
	0.53
	0.72
	1.13
	Yes
	No. 64%

	Case 24-3, m-RTT, BW=100MHz, RSU symmetric
	0.40
	0.57
	0.83
	1.48
	Yes
	No. 61%


Conclusion 2: For V2X use cases, SL multi-RTT for absolute positioning with 100MHz BW satisfies the Set A horizontal accuracy requirement, when a matched filter is used for TOA estimation.
2.3 SL TDOA for V2X use case
We have simulated SL TDOA for absolute SL positioning. The RSUs were deployed as the anchor nodes for positioning reference. Two types of the RSU deployments were implemented – symmetric and staggered. Regarding the number of RSUs for SL multi-RTT, the simulations were performed with 3, 5 and 7 RSUs that have the strongest RSRP values among the available RSUs around UE. Each RSU transmits SL PRS with the periodicity of 100ms. The SL PRS resources were selected by RSU based on sensing. Similar to the SL single RTT case, resource (re)selection procedure in SL communication was reused as much as possible. After receiving SL PRSs from RSUs, UE measures RSTDs and calculate UE location. Other parameters used for SL TDOA depending on the cases are listed in Table 6.
[bookmark: _Ref115375363]Table 6 Assumptions for highway for absolute positioning (SL TDOA)
	Parameters
	Case 25-1
	Case 25-2
	Case 25-3
	Case 26-1
	Case 26-2
	Case 26-3

	Positioning method
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA

	SL PRS comb size
	1
	1
	1
	1
	1
	1

	SL PRS #symbols
	1
	1
	1
	1
	1
	1

	Estimation method
	MF
	MF
	MF
	MF
	MF
	MF

	RSU deployment
	staggered
	staggered
	staggered
	symmetric
	symmetric
	symmetric

	# anchor nodes
	3
	3
	3
	3
	3
	3

	SL PRS BW (MHz)
	20
	40
	100
	20
	40
	100

	Parameters
	Case 27-1
	Case 27-2
	Case 27-3
	Case 28-1
	Case 28-2
	Case 28-3

	Positioning method
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA

	SL PRS comb size
	1
	1
	1
	1
	1
	1

	SL PRS #symbols
	1
	1
	1
	1
	1
	1

	Estimation method
	MF
	MF
	MF
	MF
	MF
	MF

	RSU deployment
	staggered
	staggered
	staggered
	symmetric
	symmetric
	symmetric

	# anchor nodes
	5
	5
	5
	5
	5
	5

	SL PRS BW (MHz)
	20
	40
	100
	20
	40
	100

	Parameters
	Case 29-1
	Case 29-2
	Case 29-3
	Case 30-1
	Case 30-2
	Case 30-3

	Positioning method
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA

	SL PRS comb size
	1
	1
	1
	1
	1
	1

	SL PRS #symbols
	1
	1
	1
	1
	1
	1

	Estimation method
	MF
	MF
	MF
	MF
	MF
	MF

	RSU deployment
	staggered
	staggered
	staggered
	symmetric
	symmetric
	symmetric

	# anchor nodes
	7
	7
	7
	7
	7
	7

	SL PRS BW (MHz)
	20
	40
	100
	20
	40
	100

	Parameters
	Case 31-1
	Case 31-2
	Case 31-3
	Case 32-1
	Case 32-2
	Case 32-3

	Positioning method
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA

	SL PRS comb size
	6
	6
	6
	6
	6
	6

	SL PRS #symbols
	6
	6
	6
	6
	6
	6

	Estimation method
	MF
	MF
	MF
	MF
	MF
	MF

	RSU deployment
	staggered
	staggered
	staggered
	symmetric
	symmetric
	symmetric

	# anchor nodes
	3
	3
	3
	3
	3
	3

	SL PRS BW (MHz)
	20
	40
	100
	20
	40
	100

	Parameters
	Case 33-1
	Case 33-2
	Case 33-3
	Case 34-1
	Case 34-2
	Case 34-3

	Positioning method
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA

	SL PRS comb size
	6
	6
	6
	6
	6
	6

	SL PRS #symbols
	6
	6
	6
	6
	6
	6

	Estimation method
	MF
	MF
	MF
	MF
	MF
	MF

	RSU deployment
	staggered
	staggered
	staggered
	symmetric
	symmetric
	symmetric

	# anchor nodes
	5
	5
	5
	5
	5
	5

	SL PRS BW (MHz)
	20
	40
	100
	20
	40
	100

	Parameters
	Case 35-1
	Case 35-2
	Case 35-3
	Case 36-1
	Case 36-2
	Case 36-3

	Positioning method
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA

	SL PRS comb size
	6
	6
	6
	6
	6
	6

	SL PRS #symbols
	6
	6
	6
	6
	6
	6

	Estimation method
	MF
	MF
	MF
	MF
	MF
	MF

	RSU deployment
	staggered
	staggered
	staggered
	symmetric
	symmetric
	symmetric

	# anchor nodes
	7
	7
	7
	7
	7
	7

	SL PRS BW (MHz)
	20
	40
	100
	20
	40
	100

	Parameters
	Case 37-1
	Case 37-2
	Case 37-3
	Case 38-1
	Case 38-2
	Case 38-3

	Positioning method
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA

	SL PRS comb size
	12
	12
	12
	12
	12
	12

	SL PRS #symbols
	12
	12
	12
	12
	12
	12

	Estimation method
	MF
	MF
	MF
	MF
	MF
	MF

	RSU deployment
	staggered
	staggered
	staggered
	symmetric
	symmetric
	symmetric

	# anchor nodes
	3
	3
	3
	3
	3
	3

	SL PRS BW (MHz)
	20
	40
	100
	20
	40
	100

	Parameters
	Case 39-1
	Case 39-2
	Case 39-3
	Case 40-1
	Case 40-2
	Case 40-3

	Positioning method
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA

	SL PRS comb size
	12
	12
	12
	12
	12
	12

	SL PRS #symbols
	12
	12
	12
	12
	12
	12

	Estimation method
	MF
	MF
	MF
	MF
	MF
	MF

	RSU deployment
	staggered
	staggered
	staggered
	symmetric
	symmetric
	symmetric

	# anchor nodes
	5
	5
	5
	5
	5
	5

	SL PRS BW (MHz)
	20
	40
	100
	20
	40
	100

	Parameters
	Case 41-1
	Case 41-2
	Case 41-3
	Case 42-1
	Case 42-2
	Case 42-3

	Positioning method
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA

	SL PRS comb size
	12
	12
	12
	12
	12
	12

	SL PRS #symbols
	12
	12
	12
	12
	12
	12

	Estimation method
	MF
	MF
	MF
	MF
	MF
	MF

	RSU deployment
	staggered
	staggered
	staggered
	symmetric
	symmetric
	symmetric

	# anchor nodes
	7
	7
	7
	7
	7
	7

	SL PRS BW (MHz)
	20
	40
	100
	20
	40
	100


The CDF graph of SL TDOA can be found in our contribution to RAN1#110 meeting [2], and the summary of the results are listed in Table 7. The simulation results show that Set A requirement is met with SL PRS BW=100MHz, when a simple estimation method such as matched filter (MF) is used for TOA measurement. The performance of SL TDOA with more optimized estimation technique such as MUSIC can be discussed in the later paragraph of this document. The positioning error decreases as the number of anchor nodes increase. There is no interference issue with the number of RSUs of 7 as in SL multi-RTT, because SL PRS is only transmitted from RSU to UE in SL TDOA. The positioning error slightly decreases when the comb size and the number of symbols increase. The general tendency regarding RSU deployment, the staggered RSU deployment shows some gains over the symmetric one, as in SL multi-RTT.
[bookmark: _Ref115375408]Table 7 Simulation results for highway for absolute positioning - horizontal accuracy (SL-TDOA)
	Case ID & brief description 
	50%
	67%
	80%
	90%
	Set A req.
	Set B req.

	Case 25-1, m-RTT, BW=20MHz, RSU staggered
	0.91
	1.29
	1.82
	2.84
	No. 73%
	No. 23%

	Case 27-1, m-RTT, BW=20MHz, RSU staggered
	0.84
	1.19
	1.68
	2.62
	No. 76%
	No. 26%

	Case 29-1, m-RTT, BW=20MHz, RSU staggered
	0.79
	1.12
	1.60
	2.64
	No. 78%
	No. 29%

	Case 31-1, m-RTT, BW=20MHz, RSU staggered
	0.92
	1.30
	1.83
	2.86
	No. 73%
	No. 22%

	Case 33-1, m-RTT, BW=20MHz, RSU staggered
	0.85
	1.20
	1.69
	2.71
	No. 76%
	No. 25%

	Case 35-1, m-RTT, BW=20MHz, RSU staggered
	0.80
	1.14
	1.62
	2.63
	No. 78%
	No. 28%

	Case 37-1, m-RTT, BW=20MHz, RSU staggered
	0.93
	1.32
	1.88
	2.96
	No. 72%
	No. 22%

	Case 39-1, m-RTT, BW=20MHz, RSU staggered
	0.84
	1.21
	1.71
	2.67
	No. 76%
	No. 26%

	Case 41-1, m-RTT, BW=20MHz, RSU staggered
	0.79
	1.13
	1.60
	2.48
	No. 78%
	No. 28%

	Case 26-1, m-RTT, BW=20MHz, RSU symmetric
	0.95
	1.36
	1.95
	3.14
	No. 71%
	No. 22%

	Case 28-1, m-RTT, BW=20MHz, RSU symmetric
	0.78
	1.14
	1.67
	2.76
	No. 77%
	No. 29%

	Case 30-1, m-RTT, BW=20MHz, RSU symmetric
	0.73
	1.04
	1.47
	2.33
	No. 81%
	No. 31%

	Case 32-1, m-RTT, BW=20MHz, RSU symmetric
	0.95
	1.36
	1.95
	3.15
	No. 71%
	No. 22%

	Case 34-1, m-RTT, BW=20MHz, RSU symmetric
	0.79
	1.13
	1.64
	2.65
	No. 77%
	No. 29%

	Case 36-1, m-RTT, BW=20MHz, RSU symmetric
	0.74
	1.04
	1.46
	2.23
	No. 81%
	No. 31%

	Case 38-1, m-RTT, BW=20MHz, RSU symmetric
	0.95
	1.37
	1.98
	3.20
	No. 71%
	No. 21%

	Case 40-1, m-RTT, BW=20MHz, RSU symmetric
	0.80
	1.16
	1.70
	2.79
	No. 76%
	No. 28%

	Case 42-1, m-RTT, BW=20MHz, RSU symmetric
	0.76
	1.08
	1.54
	2.41
	No. 79%
	No. 29%

	
	
	
	
	
	
	

	Case 25-2, m-RTT, BW=40MHz, RSU staggered
	0.76
	1.06
	1.47
	2.26
	No. 81%
	No. 29%

	Case 27-2, m-RTT, BW=40MHz, RSU staggered
	0.67
	0.93
	1.29
	1.99
	No. 84%
	No. 34%

	Case 29-2, m-RTT, BW=40MHz, RSU staggered
	0.63
	0.88
	1.22
	1.97
	No. 85%
	No. 38%

	Case 31-2, m-RTT, BW=40MHz, RSU staggered
	0.76
	1.06
	1.49
	2.29
	No. 80%
	No. 29%

	Case 33-2, m-RTT, BW=40MHz, RSU staggered
	0.68
	0.95
	1.31
	2.08
	No. 84%
	No. 34%

	Case 35-2, m-RTT, BW=40MHz, RSU staggered
	0.63
	0.88
	1.23
	1.92
	No. 85%
	No. 38%

	Case 37-2, m-RTT, BW=40MHz, RSU staggered
	0.76
	1.05
	1.47
	2.30
	No. 81%
	No. 29%

	Case 39-2, m-RTT, BW=40MHz, RSU staggered
	0.69
	0.95
	1.31
	2.06
	No. 84%
	No. 33%

	Case 41-2, m-RTT, BW=40MHz, RSU staggered
	0.63
	0.88
	1.23
	1.92
	No. 85%
	No. 38%

	Case 26-2, m-RTT, BW=40MHz, RSU symmetric
	0.79
	1.10
	1.55
	2.48
	No. 79%
	No. 27%

	Case 28-2, m-RTT, BW=40MHz, RSU symmetric
	0.64
	0.91
	1.30
	2.17
	No. 84%
	No. 37%

	Case 30-2, m-RTT, BW=40MHz, RSU symmetric
	0.60
	0.83
	1.16
	1.82
	No. 87%
	No. 41%

	Case 32-2, m-RTT, BW=40MHz, RSU symmetric
	0.79
	1.11
	1.58
	2.58
	No. 79%
	No. 28%

	Case 34-2, m-RTT, BW=40MHz, RSU symmetric
	0.64
	0.92
	1.36
	2.34
	No. 82%
	No. 37%

	Case 36-2, m-RTT, BW=40MHz, RSU symmetric
	0.60
	0.85
	1.22
	1.98
	No. 85%
	No. 40%

	Case 38-2, m-RTT, BW=40MHz, RSU symmetric
	0.79
	1.11
	1.57
	2.51
	No. 79%
	No. 27%

	Case 40-2, m-RTT, BW=40MHz, RSU symmetric
	0.65
	0.93
	1.35
	2.24
	No. 83%
	No. 37%

	Case 42-2, m-RTT, BW=40MHz, RSU symmetric
	0.60
	0.85
	1.19
	1.83
	No. 86%
	No. 40%

	
	
	
	
	
	
	

	Case 25-3, m-RTT, BW=100MHz, RSU staggered
	0.52
	0.69
	0.92
	1.40
	Yes
	No. 47%

	Case 27-3, m-RTT, BW=100MHz, RSU staggered
	0.45
	0.60
	0.79
	1.21
	Yes
	No. 56%

	Case 29-3, m-RTT, BW=100MHz, RSU staggered
	0.41
	0.55
	0.75
	1.16
	Yes
	No. 61%

	Case 31-3, m-RTT, BW=100MHz, RSU staggered
	0.52
	0.69
	0.93
	1.41
	Yes
	No. 47%

	Case 33-3, m-RTT, BW=100MHz, RSU staggered
	0.46
	0.61
	0.81
	1.23
	Yes
	No. 56%

	Case 35-3, m-RTT, BW=100MHz, RSU staggered
	0.42
	0.56
	0.76
	1.15
	Yes
	No. 61%

	Case 37-3, m-RTT, BW=100MHz, RSU staggered
	0.52
	0.69
	0.93
	1.41
	Yes
	No. 47%

	Case 39-3, m-RTT, BW=100MHz, RSU staggered
	0.46
	0.61
	0.80
	1.23
	Yes
	No. 56%

	Case 41-3, m-RTT, BW=100MHz, RSU staggered
	0.42
	0.56
	0.76
	1.19
	Yes
	No. 60%

	Case 26-3, m-RTT, BW=100MHz, RSU symmetric
	0.54
	0.72
	0.97
	1.46
	Yes
	No. 45%

	Case 28-3, m-RTT, BW=100MHz, RSU symmetric
	0.42
	0.57
	0.78
	1.30
	Yes
	No. 60%

	Case 30-3, m-RTT, BW=100MHz, RSU symmetric
	0.39
	0.53
	0.72
	1.09
	Yes
	No. 64%

	Case 32-3, m-RTT, BW=100MHz, RSU symmetric
	0.54
	0.72
	0.97
	1.48
	Yes
	No. 45%

	Case 34-3, m-RTT, BW=100MHz, RSU symmetric
	0.42
	0.57
	0.79
	1.33
	Yes
	No. 60%

	Case 36-3, m-RTT, BW=100MHz, RSU symmetric
	0.39
	0.53
	0.72
	1.12
	Yes
	No. 64%

	Case 38-3, m-RTT, BW=100MHz, RSU symmetric
	0.54
	0.73
	0.99
	1.50
	Yes
	No. 45%

	Case 40-3, m-RTT, BW=100MHz, RSU symmetric
	0.43
	0.58
	0.80
	1.35
	Yes
	No. 59%

	Case 42-3, m-RTT, BW=100MHz, RSU symmetric
	0.39
	0.54
	0.73
	1.15
	Yes
	No. 63%


Conclusion 3: For V2X use cases, SL TDOA for absolute positioning with 100MHz BW satisfies the Set A horizontal accuracy requirement, when a matched filter is used for TOA estimation.
2.4 MUSIC estimation for SL positioning
We have applied MUSIC estimation algorithm to improve the measurement performance in SL positioning. The simulation was done only for the case of BW=40MHz to see whether SL positioning with MUSIC can meet the Set A requirement, especially for absolute SL positioning. The parameters used for this simulation depending on the cases are listed in Table 8.
[bookmark: _Ref115376057]Table 8 Assumptions for highway for absolute positioning (MUSIC estimation)
	Parameters
	Case 49-1
	Case 49-2
	Case 49-3
	Case 50-1
	Case 50-2
	Case 50-3

	Positioning method
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA

	SL PRS comb size
	1
	6
	12
	1
	6
	12

	SL PRS #symbols
	1
	6
	12
	1
	6
	12

	Estimation method
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC

	RSU deployment
	staggered
	staggered
	staggered
	staggered
	staggered
	staggered

	# anchor nodes
	3
	3
	3
	5
	5
	5

	SL PRS BW (MHz)
	40
	40
	40
	40
	40
	40

	Parameters
	Case 51-1
	Case 51-2
	Case 51-3
	Case 52-1
	Case 52-2
	Case 52-3

	Positioning method
	SL TDOA
	SL TDOA
	SL TDOA
	SL m-RTT
	SL m-RTT
	SL m-RTT

	SL PRS comb size
	1
	6
	12
	1
	6
	12

	SL PRS #symbols
	1
	6
	12
	1
	6
	12

	Estimation method
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC

	RSU deployment
	staggered
	staggered
	staggered
	staggered
	staggered
	staggered

	# anchor nodes
	7
	7
	7
	3
	3
	3

	SL PRS BW (MHz)
	40
	40
	40
	40
	40
	40

	Parameters
	Case 53-1
	Case 53-2
	Case 53-3
	Case 54-1
	Case 54-2
	Case 54-3

	Positioning method
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT

	SL PRS comb size
	1
	6
	12
	1
	6
	12

	SL PRS #symbols
	1
	6
	12
	1
	6
	12

	Estimation method
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC

	RSU deployment
	staggered
	staggered
	staggered
	staggered
	staggered
	staggered

	# anchor nodes
	5
	5
	5
	3
	3
	3

	SL PRS BW (MHz)
	40
	40
	40
	40
	40
	40


The performance results of absolute SL positioning based on SL multi-RTT and SL TDOA with MUSIC estimation are summarized in Table 9. The other simulation conditions are same as in the previous SL multi-RTT and SL TDOA with MF estimation. The simulation results show that the positioning errors were significantly reduced compared to one with MF estimation. As a result, two thirds of the cases meet the Set A requirement even with BW=40MHz. The requirement is not met only when (comb size, #symbols)=(1,1). So it can be concluded that the absolute SL positioning with 40MHz BW satisfies the positioning accuracy requirement Set A.
[bookmark: _Ref115376131]Table 9 Simulation results for highway for absolute positioning - horizontal accuracy 
(MUSIC estimation)
	Case ID & brief description 
	50%
	67%
	80%
	90%
	Set A req.
	Set B req.

	Case 43-1, TDOA, BW=40MHz, #anchor=3
	0.69
	0.96
	1.38
	2.21
	No. 82%
	No. 34%

	Case 43-2, TDOA, BW=40MHz, #anchor=3
	0.58
	0.77
	1.01
	1.42
	Yes
	No. 42%

	Case 43-3, TDOA, BW=40MHz, #anchor=3
	0.58
	0.78
	1.02
	1.40
	Yes
	No. 41%

	Case 44-1, TDOA, BW=40MHz, #anchor=5
	0.66
	0.94
	1.35
	2.07
	No. 83%
	No. 36%

	Case 44-2, TDOA, BW=40MHz, #anchor=5
	0.52
	0.69
	0.90
	1.24
	Yes
	No. 48%

	Case 44-3, TDOA, BW=40MHz, #anchor=5
	0.51
	0.67
	0.86
	1.15
	Yes
	No. 48%

	Case 45-1, TDOA, BW=40MHz, #anchor=7
	0.65
	0.93
	1.32
	2.05
	No. 83%
	No. 37%

	Case 45-2, TDOA, BW=40MHz, #anchor=7
	0.47
	0.63
	0.83
	1.17
	Yes
	No. 97%

	Case 45-3, TDOA, BW=40MHz, #anchor=7
	0.46
	0.61
	0.79
	1.05
	Yes
	No. 54%

	Case 46-1, m-RTT, BW=40MHz, #anchor=3
	0.62
	0.83
	1.18
	1.90
	No. 85%
	No. 38%

	Case 46-2, m-RTT, BW=40MHz, #anchor=3
	0.52
	0.69
	0.90
	1.12
	Yes
	No. 48%

	Case 46-3, m-RTT, BW=40MHz, #anchor=3
	0.52
	0.67
	0.86
	1.19
	Yes
	No. 48%

	Case 47-1, m-RTT, BW=40MHz, #anchor=5
	0.61
	0.86
	1.20
	1.81
	No. 86%
	No. 39%

	Case 47-2, m-RTT, BW=40MHz, #anchor=5
	0.45
	0.58
	0.74
	1.00
	Yes
	No. 57%

	Case 47-3, m-RTT, BW=40MHz, #anchor=5
	0.44
	0.57
	0.70
	0.97
	Yes
	No. 58%

	Case 48-1, m-RTT, BW=40MHz, #anchor=7
	0.67
	1.01
	1.43
	2.64
	No. 81%
	No. 38%

	Case 48-2, m-RTT, BW=40MHz, #anchor=7
	0.45
	0.62
	0.84
	1.50
	Yes
	No. 56%

	Case 48-3, m-RTT, BW=40MHz, #anchor=7
	0.45
	0.60
	0.77
	1.20
	Yes
	No. 56%


Conclusion 4: For V2X use cases, SL TDOA and SL multi-RTT for absolute positioning with 40MHz BW satisfies the Set A horizontal accuracy requirement, when MUSIC is used for TOA estimation.
2.5 On-demand SL PRS transmission
In our companion contribution [3], we have proposed the on-demand SL PRS transmission scheme. In the proposed scheme, TX UE retransmits SL PRS when it receives a feedback from RX UE that indicates request of the SL PRS transmission. Such feedback can be made e.g. when RX UE cannot receive SL PRS due to half duplex or the received SL PRS is severely interfered by other signals. Details can be found in [3]. We have simulated the on-demand SL PRS transmission to see the performance benefit. The parameters depending on the cases are listed in Table 10.
[bookmark: _Ref115376814]Table 10 Assumptions for highway for absolute positioning 
(on-demand SL PRS transmission)
	Parameters
	Case 43-1
	Case 43-2
	Case 43-3
	Case 44-1
	Case 44-2
	Case 44-3

	Positioning method
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA
	SL TDOA

	SL PRS comb size
	1
	6
	12
	1
	6
	12

	SL PRS #symbols
	1
	6
	12
	1
	6
	12

	Estimation method
	MF
	MF
	MF
	MF
	MF
	MF

	RSU deployment
	staggered
	staggered
	staggered
	staggered
	staggered
	staggered

	# anchor nodes
	3
	3
	3
	5
	5
	5

	SL PRS BW (MHz)
	40
	40
	40
	40
	40
	40

	SL PRS transmission
	FB-based
	FB-based
	FB-based
	FB-based
	FB-based
	FB-based

	Parameters
	Case 45-1
	Case 45-2
	Case 45-3
	Case 46-1
	Case 46-2
	Case 46-3

	Positioning method
	SL TDOA
	SL TDOA
	SL TDOA
	SL m-RTT
	SL m-RTT
	SL m-RTT

	SL PRS comb size
	1
	6
	12
	1
	6
	12

	SL PRS #symbols
	1
	6
	12
	1
	6
	12

	Estimation method
	MF
	MF
	MF
	MF
	MF
	MF

	RSU deployment
	staggered
	staggered
	staggered
	staggered
	staggered
	staggered

	# anchor nodes
	7
	7
	7
	3
	3
	3

	SL PRS BW (MHz)
	40
	40
	40
	40
	40
	40

	SL PRS transmission
	FB-based
	FB-based
	FB-based
	FB-based
	FB-based
	FB-based

	Parameters
	Case 47-1
	Case 47-2
	Case 47-3
	Case 48-1
	Case 48-2
	Case 48-3

	Positioning method
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT
	SL m-RTT

	SL PRS comb size
	1
	6
	12
	1
	6
	12

	SL PRS #symbols
	1
	6
	12
	1
	6
	12

	Estimation method
	MF
	MF
	MF
	MF
	MF
	MF

	RSU deployment
	staggered
	staggered
	staggered
	staggered
	staggered
	staggered

	# anchor nodes
	5
	5
	5
	3
	3
	3

	SL PRS BW (MHz)
	40
	40
	40
	40
	40
	40

	SL PRS transmission
	FB-based
	FB-based
	FB-based
	FB-based
	FB-based
	FB-based


The performance results of the on-demand SL PRS transmission based on feedback are summarized in Table 11. Compared to the absolute SL positioning method summarized in Table 5 and Table 7, the positioning errors were significantly reduced. As a result, a half of the cases meet the Set A requirement even with 40MHz BW and a simple MF estimation. It can be concluded that the absolute SL positioning with on-demand SL PRS transmission based on feedback with 40MHz BW satisfies the SL positioning accuracy requirement Set A.
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(on-demand SL PRS transmission)
	Case ID & brief description 
	50%
	67%
	80%
	90%
	Set A req.
	Set B req.

	Case 49-1, TDOA, BW=40MHz, #anchor=3
	0.70
	0.95
	1.32
	1.94
	No. 84%
	No. 32%

	Case 49-2, TDOA, BW=40MHz, #anchor=3
	0.67
	0.92
	1.25
	1.89
	No. 86%
	No. 33%

	Case 49-3, TDOA, BW=40MHz, #anchor=3
	0.68
	0.94
	1.27
	1.88
	No. 85%
	No. 33%

	Case 50-1, TDOA, BW=40MHz, #anchor=5
	0.63
	0.86
	1.16
	1.71
	No. 87%
	No. 38%

	Case 50-2, TDOA, BW=40MHz, #anchor=5
	0.63
	0.86
	1.16
	1.68
	No. 87%
	No. 37%

	Case 50-3, TDOA, BW=40MHz, #anchor=5
	0.63
	0.86
	1.16
	1.71
	No. 87%
	No. 37%

	Case 51-1, TDOA, BW=40MHz, #anchor=7
	0.57
	0.78
	1.05
	1.55
	No. 89%
	No. 43%

	Case 51-2, TDOA, BW=40MHz, #anchor=7
	0.56
	0.77
	1.03
	1.47
	Yes
	No. 43%

	Case 51-3, TDOA, BW=40MHz, #anchor=7
	0.57
	0.79
	1.05
	1.48
	Yes
	No. 43%

	Case 52-1, m-RTT, BW=40MHz, #anchor=3
	0.59
	0.81
	1.09
	1.61
	No. 89%
	No. 41%

	Case 52-2, m-RTT, BW=40MHz, #anchor=3
	0.59
	0.77
	1.00
	1.44
	Yes
	No. 40%

	Case 52-3, m-RTT, BW=40MHz, #anchor=3
	0.59
	0.81
	1.05
	1.50
	Yes
	No. 40%

	Case 53-1, m-RTT, BW=40MHz, #anchor=5
	0.51
	0.72
	0.95
	1.48
	Yes
	No. 48%

	Case 53-2, m-RTT, BW=40MHz, #anchor=5
	0.48
	0.68
	0.89
	1.25
	Yes
	No. 52%

	Case 53-3, m-RTT, BW=40MHz, #anchor=5
	0.51
	0.69
	0.92
	1.33
	Yes
	No. 49%

	Case 54-1, m-RTT, BW=40MHz, #anchor=7
	0.52
	0.76
	1.00
	1.59
	No. 89%
	No. 48%

	Case 54-2, m-RTT, BW=40MHz, #anchor=7
	0.48
	0.66
	0.90
	1.35
	Yes
	No. 52%

	Case 54-3, m-RTT, BW=40MHz, #anchor=7
	0.50
	0.71
	0.94
	1.38
	Yes
	No. 49%


Conclusion 5: For V2X use cases, SL TDOA and SL multi-RTT for absolute positioning with 40MHz BW satisfies the Set A horizontal accuracy requirement, even when a matched filter is used for TOA estimation if the on-demand SL PRS transmission based on feedback is applied.
3. [bookmark: _GoBack]Conclusion
Conclusion 1: For V2X use cases, SL single-RTT for ranging with 40MHz BW satisfies Set A distance accuracy requirement
Conclusion 2: For V2X use cases, SL multi-RTT for absolute positioning with 100MHz BW satisfies the Set A horizontal accuracy requirement, when a matched filter is used for TOA estimation.
Conclusion 3: For V2X use cases, SL TDOA for absolute positioning with 100MHz BW satisfies the Set A horizontal accuracy requirement, when a matched filter is used for TOA estimation.
Conclusion 4: For V2X use cases, SL TDOA and SL multi-RTT for absolute positioning with 40MHz BW satisfies the Set A horizontal accuracy requirement, when MUSIC is used for TOA estimation.
Conclusion 5: For V2X use cases, SL TDOA and SL multi-RTT for absolute positioning with 40MHz BW satisfies the Set A horizontal accuracy requirement, even when a matched filter is used for TOA estimation if the on-demand SL PRS transmission based on feedback is applied.
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