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1. Introduction
The following agreements on the evaluation of SL positioning were made in RAN1 #109-e meeting.
	Agreement
For SL positioning evaluation, V2X use case with highway and urban grid scenarios defined in TR 37.885 is supported.
· The road configuration for urban grid and highway provided in TR 37.885 Annex A is reused
 
Agreement
For SL positioning evaluation in highway and urban grid scenarios, UE dropping option A defined in section 6.1.2 of TR 37.885 is used, i.e.
· UE dropping option A is used for the highway scenario:
· Vehicle type distribution: 100% vehicle type 2.
· Clustered dropping is not used.
· Vehicle speed is 140 km/h in all the lanes as baseline and 70 km/h in all the lanes optionally.
· UE dropping option A is used for the urban grid scenario:
· Vehicle type distribution: 100% vehicle type 2.
· Clustered dropping is not used.
· Vehicle speed is 60 km/h in all the lanes.
· In the intersection, a UE goes straight, turns left, turns right with the probability of 0.5, 0.25, 0.25, respectively.
 
Agreement
For SL positioning evaluation in highway and urban grid scenarios, antenna model follows the description in TR 37.885 section 6.1.4.
· Vehicle UE option 1 is the baseline (Vehicle UE antenna is modelled in Table 6.1.4-8 and 6.1.4-9 in TR 37.885)
· Vehicle UE option 2 (two panels) can be optionally selected by companies

Agreement
For SL positioning evaluation in highway and urban grid scenarios, channel model follows description in TR 37.885 section 6.2. 
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Agreement
· The following performance metrics for SL positioning accuracy evaluation is defined:
· For relative and absolute positioning
· horizontal accuracy
· vertical accuracy
· For ranging 
· Ranging for distance, i.e. accuracy of distance
· Ranging for angle, i.e. accuracy of angle
· Companies are required to output 
· The percentiles of positioning accuracy error including 50%, 67%, 80%, 90% of UEs, 
· FFS others
· And the CDF of positioning accuracy error
· Performance metrics other than positioning accuracy, such as PHY/end-to-end latency, are up to companies 

Agreement
· For absolute positioning evaluation, anchor UEs’ locations are known 
· In the evaluation of SL only positioning 
· Anchor UEs are used to locate target UEs
· In the evaluation of Joint Uu/SL positioning
· Both BS and anchor UEs are used to locate target UEs
· In the evaluation, relative positioning or ranging is performed between two UEs within X m
· FFS X which can be different for different scenarios, e.g. highway, urban grid, etc. 
· Companies can consider to provide simulation results based on multiple X values
· Positioning method should be reported by companies. 

Agreement
For SL positioning evaluation,
· The existing pattern and sequence of DL-PRS or positioning SRS can be reused as baseline for evaluation purpose.
· Companies should provide the description if other pattern and sequence are evaluated, 
· AGC settling time is considered by companies
· Explicit simulation of all links, individual parameters estimation is applied. Companies should provide description of applied algorithms for estimation of signal location parameters. 
· As baseline for absolute positioning, sidelink anchors location coordinates are perfectly known. 
· Uncertainty in the sidelink anchors location coordinates can be considered by companies
· As baseline, Perfect synchronization between network and anchor UEs in the evaluation is assumed.
· Network synchronization error and timing errors defined in TR 38.857 Table 6-1 can also be optionally used by companies for Synchronization between BS and BS, between BS and anchor UEs, and between anchor UEs.

Agreement
For SL positioning evaluation in highway and urban grid, the following simulation parameters are used for FR1

Evaluation parameters for SL positioning in FR1
	Parameters
	Urban grid for eV2X
	Highway for eV2X

	Carrier frequency 
	Uu : 4 GHz 
SL: 6 GHz
	Uu : 2 GHz or 4GHz
SL: 6 GHz

	BS Tx power 
	Macro BS: 49dBm 
	Macro BS: 49dBm 

	UE Tx power 
	Vehicle UE or UE type RSU: 23dBm
	Vehicle UE or UE type RSU: 23dBm

	BS receiver noise figure
	5dB
	5dB

	UE receiver noise figure
	9 dB



Agreement
· For SL absolute positioning evaluation in highway scenario, the following options are supported
· Alt 1 as optional: BS and UE-type RSU deployment follows TR 36.885, where wrap around method of 19*3 hexagonal cells with 500m ISD in Figure A.1.3-3 of TR 36.885 section A.1.3 is used. 
· Alt 2 as baseline: BSs are disabled, UE-type RSUs are uniformly located with 200m spacing on both sides of highway symmetrically. 
· Optional: staggered/unsymmetrical UE-type RSU distribution like 
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· For SL absolute positioning evaluation in urban grid scenario, BS and UE-type RSU deployment follows the description in TR 36.885 section A.1.3.
· Companies can provide additional BS/ UE-type RSU deployment, e.g. additional UE-type RSUs are added to UE-type RSU deployment in TR 36.885
Note: For absolute positioning in highway, Alt 1 is assumed for evaluation of joint Uu/SL positioning, Alt 2 is assumed for evaluation of SL only positioning. 
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Agreement
· For evaluation of relative positioning or ranging in highway scenario
· BSs are disabled, 
· UE type RSU may be disabled (as baseline) or enabled (as optional)
· If enabled, UE-type RSUs are uniformly located with 200m spacing on both sides of highway symmetrically.
· Optional: staggered/unsymmetrical UE-type RSU distribution like 
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· For evaluation of relative positioning or ranging in urban grid scenario 
· BSs are disabled (baseline), or enabled (optional)
· companies should report their assumption
· UE type RSU may be disabled or enabled (companies should report their assumption)
· If enabled, UE type RSU deployment follows the description in TR 36.885 section A.1.3.
· If enabled, companies can provide additional RSU deployment, e.g. additional RSUs are added to RSU deployment in TR 36.885

Agreement
· For SL positioning evaluation, simulation bandwidths of 10, 20, 40 and 100 MHz in FR1 can be used. 
· For SL positioning evaluation, simulation bandwidths of 100, 200 and 400MHz in FR2 can be used.

Agreement
· For SL positioning evaluation of Public safety use cases 
· Companies should provide detailed simulation assumptions including selected scenarios, channel models, center frequency, UE drop models, etc.
· Evaluation methodology on channel model of TR 36.843 is reused, 
· Reuse the parameters of “Channel models” specified in Section A.2.1.2 of TR 36.843 with modification: Each component of channel model reuses what is specified in TR 38.901
· Anchor UE height should be reported by companies, e.g. anchor UE height is the same as TRP
· The performance metrics at least include absolute positioning accuracy and ranging with distance accuracy. Optionally, relative positioning accuracy or ranging with angle accuracy.
· For SL positioning evaluation of Commercial use cases 
· Companies should provide detailed simulation assumptions including selected scenarios, channel models, center frequency, UE drop models, etc.
· Evaluation methodology on channel model of TR 36.843 is reused, 
· Reuse the parameters of “Channel models” specified in Section A.2.1.2 of TR 36.843 with modification: Each component of channel model reuses what is specified in TR 38.901
· Anchor UE height should be reported by companies, e.g. anchor UE height is the same as TRP
· The performance metrics at least include absolute positioning accuracy and ranging with distance accuracy. Optionally, relative positioning accuracy or ranging with angle accuracy

Agreement
For SL positioning evaluation for IIOT use cases, InF-SH and/or InF-DH defined in TR 38.857 are used

Agreement
For SL positioning evaluation on indoor factory scenarios, companies can select one of the following options for UE-2-UE channel model
· Option 1: BS-2-UE channel model defined in TR 38.901 is revised
· The UE parameters in the channel model defined in 38.901, e.g. UE height, antenna model, transmit power are used to replace gNB’s corresponding parameters.
· Anchor UE height should be reported by companies, e.g. anchor UE height is the same as TRP.
· Option 2: D2D channel mode from 36.843 A.2.1.2 is used

Agreement
For SL positioning evaluation on IIOT use case, the performance metrics at least include absolute accuracy and relative accuracy.
· FFS how to select anchor UEs/RSU for absolute positioning, e.g. 20 anchor UEs/RSU are randomly deployed in the simulation area



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.
2.1 SL single RTT
We have simulated SL single RTT for relative positioning or ranging between UEs. 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. 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. Other parameters used for SL single RTT are listed below.
Table 1 Simulation parameters for SL single RTT
	Parameter
	Details

	Channel model, scenario
	TR 37.885, Highway scenario

	Carrier frequency
	6 GHz

	Subcarrier spacing
	60 kHz

	Bandwidth
	20, 40, 100 MHz
Oversampling 245.760 MHz 

	Network synchronization assumptions
	Ideal synchronization

	SL PRS configuration
	Downlink PRS
Comb pattern (comb size, number of symbols) = (1, 1), (6,6) and (12,12)

	Traffic model
	No data transmission

	RSU deployment
	Symmetric, staggered


The following figures and tables show the performance results of the SL single RTT positioning. The figures show the CDF of the error probability, and the tables show the positioning error at the given percentiles and the percentile to meet the target maximum positioning error.
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Figure 1 Positioning error performance of SL single RTT: UE-selected RA, SL PRS comb pattern (1, 1), max. UE distance 80 m
Table 2 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.49
	0.73
	1.07
	1.68

	40 MHz
	0.41
	0.60
	0.81
	1.17

	100 MHz
	0.34
	0.45
	0.56
	0.72


Table 3 Percentile (%) to meet the max. error
	Error, m
	0.5m
	1.5m
	3m

	20 MHz
	51
	88
	96

	40 MHz
	59
	93
	97

	100 MHz
	73
	96
	98
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Figure 2 Positioning error performance of SL single RTT: UE-selected RA, SL PRS comb pattern (6, 6), max. UE distance 80 m
Table 4 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.49
	0.72
	1.03
	1.56

	40 MHz
	0.42
	0.59
	0.81
	1.18

	100 MHz
	0.33
	0.45
	0.56
	0.71


Table 5 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	51
	89
	96

	40 MHz
	59
	94
	97

	100 MHz
	74
	97
	99
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Figure 3 Positioning error performance of SL single RTT: UE-selected RA, SL PRS comb pattern (12, 12), max. UE distance 80 m
Table 6 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.50
	0.75
	1.06
	1.61

	40 MHz
	0.43
	0.61
	0.84
	1.17

	100 MHz
	0.34
	0.46
	0.57
	0.73


Table 7 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.50
	0.89
	0.96

	40 MHz
	0.58
	0.93
	0.97

	100 MHz
	0.72
	0.96
	0.99
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Figure 4 Positioning error performance of SL single RTT: UE-selected RA, SL PRS comb pattern (1, 1), max. UE distance 160 m

Table 8 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.52
	0.80
	1.16
	2.03

	40 MHz
	0.43
	0.63
	0.90
	1.40

	100 MHz
	0.34
	0.46
	0.58
	0.84



Table 9 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.49
	0.86
	0.93

	40 MHz
	0.56
	0.91
	0.95

	100 MHz
	0.72
	0.94
	0.97
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Figure 5 Positioning error performance of SL single RTT: UE-selected RA, SL PRS comb pattern (6, 6), max. UE distance 160 m
Table 10 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.51
	0.76
	1.14
	1.85

	40 MHz
	0.42
	0.61
	0.86
	1.35

	100 MHz
	0.33
	0.45
	0.58
	0.81


Table 11 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.49
	0.86
	0.95

	40 MHz
	0.58
	0.92
	0.96

	100 MHz
	0.72
	0.95
	0.97
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Figure 2.1-6 Positioning error performance of SL single RTT: UE-selected RA, SL PRS comb pattern (12, 12), max. UE distance 160 m
Table 12 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.51
	0.78
	1.14
	1.89

	40 MHz
	0.44
	0.64
	0.89
	1.43

	100 MHz
	0.34
	0.46
	0.58
	0.82


Table 13 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.49
	0.86
	0.95

	40 MHz
	0.56
	0.91
	0.96

	100 MHz
	0.72
	0.94
	0.98


From the figures and tables above, we can see that the SL single RTT satisfies the positioning accuracy requirement Set A (horizontal accuracy of 1.5m) when SL PRS bandwidth of 40MHz is used in FR1 for all comb patterns and SL single RTT was performed between UE within 160m range. To meet the requirement Set B (horizontal accuracy of 0.5m), SL PRS bandwidth larger than 100MHz seems to be needed in FR2.
Observation 1: For V2X use cases in highway scenario, SLS results show that the relative positioning based on SL single RTT with BW≥40MHz in FR1 satisfies Set A positioning accuracy requirement. 
Conclusion 1: At least for V2X use cases, Set A positioning accuracy requirements for relative SL positioning are satisfied with SL single RTT in FR1.
2.2 SL multi-RTT
For SL multi-RTT, the RSUs were used 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 single RTT are listed below.
Table 14 Simulation parameters for SL multi-RTT
	Parameter
	Details

	Channel model, scenario
	TR 37.885, Highway scenario

	Carrier frequency
	6 GHz

	Subcarrier spacing
	60 kHz

	Bandwidth
	20, 40, 100 MHz
Oversampling 245.760 MHz 

	Network synchronization assumptions
	Ideal synchronization

	SL PRS configuration
	Downlink PRS
Comb pattern (comb size, number of symbols) = (1, 1), (6,6) and (12,12)

	Deployment
	HL (Highway Length) = 3500m
6 lanes total with 4m width

Vehicles drop type Option A 
(140kph, 100% vehicles type 2, rear rooftop antenna position)

Vehicle self-blockage model is used

RSU deployment
Staggered layout with ISD = 200 m on every side
Symmetric layout with ISD = 200 m on every side.

	SL PRS resource allocation
	UE-selected resource allocation

	Traffic model
	No data transmission
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Figure 6 Staggered RSU deployment
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Figure 7 Symmetric RSU deployment
The following figures and tables show the performance results of the SL multi-RTT positioning. The figures show the CDF of the error probability, and the tables show the positioning error at the given percentiles and the percentile to meet the target maximum positioning error.
[image: ]
Figure 8 Positioning error performance of SL multi-RTT: (3 anchor nodes, comb pattern (1, 1), Staggered RSU deployment, UE-selected RA)
Table 15 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.74
	1.03
	1.41
	2.21

	40 MHz
	0.62
	0.82
	1.11
	1.65

	100 MHz
	0.47
	0.61
	0.77
	1.07


Table 16 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.30
	0.82
	0.94

	40 MHz
	0.38
	0.88
	0.96

	100 MHz
	0.54
	0.94
	0.98
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Figure 9 Positioning error performance of SL multi-RTT: (3 anchor nodes, comb pattern (1, 1), symmetric RSU deployment, UE-selected RA)
Table 17 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.76
	1.04
	1.46
	2.36

	40 MHz
	0.63
	0.85
	1.14
	1.73

	100 MHz
	0.48
	0.62
	0.79
	1.08


Table 18 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.29
	0.81
	0.93

	40 MHz
	0.37
	0.88
	0.96

	100 MHz
	0.52
	0.94
	0.98
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Figure 10 Positioning error performance of SL multi-RTT: (5 anchor nodes, comb pattern (1, 1), Staggered RSU deployment, UE-selected RA)
Table 19 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.73
	1.08
	1.76
	8.36

	40 MHz
	0.56
	0.78
	1.13
	2.04

	100 MHz
	0.40
	0.52
	0.69
	1.09


Table 20 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.32
	0.77
	0.87

	40 MHz
	0.44
	0.86
	0.93

	100 MHz
	0.64
	0.94
	0.98
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Figure 11 Positioning error performance of SL multi-RTT: (5 anchor nodes for mRTT, comb pattern (1, 1), Symmetric RSU deployment, UE-selected RA)
Table 21 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.73
	1.10
	1.84
	7.86

	40 MHz
	0.57
	0.81
	1.21
	2.24

	100 MHz
	0.40
	0.54
	0.73
	1.16


Table 22 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.32
	0.76
	0.86

	40 MHz
	0.43
	0.85
	0.93

	100 MHz
	0.63
	0.93
	0.98
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Figure 12 Positioning error performance of SL multi-RTT: (7 anchor nodes, comb pattern (1, 1), Staggered RSU deployment, UE-selected RA) 
Table 23 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.92
	1.81
	14.64
	27.03

	40 MHz
	0.62
	0.96
	1.81
	15.97

	100 MHz
	0.40
	0.56
	0.81
	1.51


Table 24 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.27
	0.64
	0.72

	40 MHz
	0.40
	0.77
	0.85

	100 MHz
	0.62
	0.90
	0.94
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Figure 13 Positioning error performance of SL multi-RTT: (7 anchor nodes, comb pattern (1, 1), Symmetric RSU deployment, UE-selected RA)
Table 25 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.93
	1.83
	13.35
	26.10

	40 MHz
	0.64
	1.02
	2.01
	16.39

	100 MHz
	0.40
	0.58
	0.85
	1.58


Table 26 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.27
	0.64
	0.73

	40 MHz
	0.39
	0.76
	0.84

	100 MHz
	0.60
	0.89
	0.94
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Figure 14 Positioning error performance of SL multi-RTT: (3 anchor nodes, comb pattern (6, 6), Staggered RSU deployment, UE-selected RA)
Table 27 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.74
	1.02
	1.41
	2.16

	40 MHz
	0.63
	0.84
	1.12
	1.68

	100 MHz
	0.48
	0.62
	0.77
	1.06


Table 28 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.30
	0.82
	0.94

	40 MHz
	0.37
	0.88
	0.96

	100 MHz
	0.53
	0.94
	0.98
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Figure 15 Positioning error performance of SL multi-RTT: (3 anchor nodes, comb pattern (6, 6), Symmetric RSU deployment, UE-selected RA)
Table 29 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.76
	1.04
	1.44
	2.23

	40 MHz
	0.63
	0.85
	1.15
	1.79

	100 MHz
	0.48
	0.63
	0.79
	1.09


Table 30 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.29
	0.81
	0.94

	40 MHz
	0.37
	0.87
	0.95

	100 MHz
	0.52
	0.94
	0.98
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Figure 16 Positioning error performance of SL multi-RTT: (5 anchor nodes, comb pattern (6, 6), Staggered RSU deployment, UE-selected RA)
Table 31 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.72
	1.04
	1.58
	3.23

	40 MHz
	0.56
	0.79
	1.15
	2.06

	100 MHz
	0.40
	0.53
	0.69
	1.07


Table 32 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.32
	0.79
	0.89

	40 MHz
	0.43
	0.86
	0.94

	100 MHz
	0.64
	0.94
	0.98
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Figure 17 Positioning error performance of SL multi-RTT: (5 anchor nodes, comb pattern (6, 6), Symmetric RSU deployment, UE-selected RA)
Table 33 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.72
	1.05
	1.58
	3.09

	40 MHz
	0.57
	0.80
	1.18
	2.10

	100 MHz
	0.40
	0.54
	0.73
	1.16


Table 34 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.33
	0.79
	0.90

	40 MHz
	0.43
	0.85
	0.94

	100 MHz
	0.63
	0.93
	0.98
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Figure 18 Positioning error performance of SL multi-RTT: (7 anchor nodes, comb pattern (6, 6), Staggered RSU deployment, UE-selected RA)
Table 35 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.84
	1.43
	3.76
	17.12

	40 MHz
	0.63
	0.96
	1.72
	8.56

	100 MHz
	0.40
	0.55
	0.78
	1.34


Table 36 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.28
	0.68
	0.78

	40 MHz
	0.39
	0.78
	0.86

	100 MHz
	0.62
	0.91
	0.96
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Figure 19 Positioning error performance of SL multi-RTT: (7 anchor nodes, comb pattern (6, 6), Symmetric RSU deployment, UE-selected RA)
Table 37 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.84
	1.38
	3.13
	15.62

	40 MHz
	0.62
	0.95
	1.65
	5.72

	100 MHz
	0.40
	0.57
	0.83
	1.46


Table 38 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.29
	0.69
	0.80

	40 MHz
	0.40
	0.78
	0.87

	100 MHz
	0.61
	0.90
	0.95
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Figure 20 Positioning error performance of SL multi-RTT: (3 anchor nodes, comb pattern (12, 12), Staggered RSU deployment, UE-selected RA)
Table 39 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.75
	1.04
	1.43
	2.17

	40 MHz
	0.62
	0.83
	1.12
	1.69

	100 MHz
	0.49
	0.64
	0.81
	1.13


Table 40 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.29
	0.82
	0.94

	40 MHz
	0.38
	0.88
	0.96

	100 MHz
	0.51
	0.94
	0.98
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Figure 21 Positioning error performance of SL multi-RTT: (3 anchor nodes, comb pattern (12, 12), Symmetric RSU deployment, UE-selected RA)
Table 41 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.76
	1.05
	1.46
	2.24

	40 MHz
	0.63
	0.85
	1.15
	1.76

	100 MHz
	0.47
	0.61
	0.77
	1.07


Table 42 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.29
	0.81
	0.94

	40 MHz
	0.37
	0.87
	0.96

	100 MHz
	0.53
	0.94
	0.99
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Figure 22 Positioning error performance of SL multi-RTT: (5 anchor nodes, comb pattern (12, 12), Staggered RSU deployment, UE-selected RA)
Table 43 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.72
	1.03
	1.53
	2.86

	40 MHz
	0.56
	0.78
	1.12
	1.85

	100 MHz
	0.42
	0.56
	0.74
	1.14


Table 44 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.32
	0.80
	0.90

	40 MHz
	0.44
	0.87
	0.95

	100 MHz
	0.60
	0.93
	0.98
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Figure 23 Positioning error performance of SL multi-RTT: (5 anchor nodes, comb pattern (12, 12), Symmetric RSU deployment, UE-selected RA)
Table 45 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.73
	1.07
	1.60
	2.96

	40 MHz
	0.57
	0.80
	1.17
	1.97

	100 MHz
	0.40
	0.53
	0.72
	1.13


Table 46 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.32
	0.78
	0.90

	40 MHz
	0.43
	0.86
	0.94

	100 MHz
	0.64
	0.93
	0.98
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Figure 24 Positioning error performance of SL multi-RTT: (7 anchor nodes, comb pattern (12, 12), Staggered RSU deployment, UE-selected RA)
Table 47 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.83
	1.33
	2.72
	9.81

	40 MHz
	0.60
	0.90
	1.43
	3.27

	100 MHz
	0.42
	0.58
	0.83
	1.37


Table 48 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.28
	0.70
	0.81

	40 MHz
	0.41
	0.81
	0.89

	100 MHz
	0.59
	0.91
	0.96
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Figure 25 Positioning error performance of SL multi-RTT: (7 anchor nodes, comb pattern (12, 12), Symmetric RSU deployment, UE-selected RA)
Table 49 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.85
	1.40
	2.82
	9.59

	40 MHz
	0.62
	0.94
	1.51
	3.38

	100 MHz
	0.40
	0.57
	0.83
	1.48


Table 50 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.28
	0.69
	0.81

	40 MHz
	0.40
	0.80
	0.89

	100 MHz
	0.61
	0.90
	0.95


From the figures and tables above, we can see that the SL multi-RTT satisfies the positioning accuracy requirement Set A (horizontal accuracy of 1.5m) when SL PRS bandwidth of 100MHz is used in FR1 for all comb patterns. To meet the requirement Set B (horizontal accuracy of 0.5m), SL PRS bandwidth larger than 100MHz seems to be needed in FR2.
Observation 2: For V2X use cases in highway scenario, SLS results show that the absolute positioning based on SL multi-RTT with BW=100MHz in FR1 satisfies Set A positioning accuracy requirement. 
Observation 3: For V2X use cases in highway scenario, the staggered RSU deployment shows slightly better performance than the symmetric RSU deployment for the absolute positioning based on SL multi-RTT.
Conclusion 2: At least for V2X use cases, Set A positioning accuracy requirements for absolute SL positioning are satisfied with SL multi-RTT in FR1.

2.3 SL TDOA
For SL TDOA, two resource allocation modes were used for SL PRS transmission. In the first mode, the network schedules every SL PRS resources, similar to mode-1 resource allocation in SL communication. In the second mode, UE selects the SL PRS resources based on its sensing results, similar to mode-2 resource allocation in SL communication.
In the network-scheduled mode, there is no resource collision between SL PRSs transmitted by RSUs. It was assumed that all the resources used by RSUs are coordinated by the network. Each UE selects (3, 5, or 7) RSUs for the reception of SL PRS, based on the strongest associated RSPR values.
In the UE-selected mode, every RSU selects the SL RPS resource based on its sensing, so the resource collision between SL PRSs from different RSUs are possible due to imperfect sensing results. These were implemented in the simulation, so the performance can be degraded when compared with the network-scheduled mode. In this mode, the lengths of the resource selection window is 50 slots.
For both the network-scheduled and UE-selected SL PRS resource allocation modes, the RSTD measurement was optimized by the peak search algorithm [1][2], to overcome the misalignment of the peak timing and the sampling instant. Other parameters used for SL single RTT are listed below.
Table 51 Simulation parameters for SL TDOA
	Parameter
	Details

	Channel model, scenario
	TR 37.885, Highway scenario

	Carrier frequency
	6 GHz

	Subcarrier spacing
	60 kHz

	Bandwidth
	20, 40, 100 MHz
Oversampling 245.760 MHz 

	RSTD estimation technique
	FANG estimator [1] (when 3 RSU are used for position estimation)
CHAN estimator [2] (when 5 or 7 RSU are used for position estimation)

	Network synchronization assumptions
	Ideal synchronization

	PRS configuration
	Downlink PRS
Comb pattern (comb size, number of symbols) = (1, 1), (6,6) and (12,12)

	Deployment
	HL (Highway Length) = 3500m
6 lanes total with 4m width

Vehicles drop type Option A 
(140kph, 100% vehicles type 2, rear rooftop antenna position)

Vehicle self-blockage model is used

RSU deployment
Option 1: Staggered layout with ISD = 200 m on every side
Option 2: Symmetric layout with ISD = 200 m on every side.

	SL PRS resource allocation
	Network-scheduled allocation
UE-selected resource allocation

	Traffic model
	No data transmission


The following figures and tables show the performance results of the SL TDOA with network-scheduled SL PRS resource allocation. The figures show the CDF of the error probability, and the tables show the positioning error at the given percentiles and the percentile to meet the target maximum positioning error.
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Figure 26 Positioning error performance of SL TDOA with network-scheduled resource allocation: (3 anchor nodes, comb pattern (1, 1), Staggered RSU deployment)


Table 52 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.91
	1.32
	1.87
	2.93

	40 MHz
	0.77
	1.06
	1.47
	2.33

	100 MHz
	0.52
	0.69
	0.93
	1.45


Table 53 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.22
	0.73
	0.90

	40 MHz
	0.29
	0.81
	0.93

	100 MHz
	0.47
	0.90
	0.97
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Figure 27 Positioning error performance of SL TDOA with network-scheduled resource allocation: (3 anchor nodes, comb pattern (1, 1), Symmetric RSU deployment)
Table 54 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.92
	1.32
	1.86
	2.97

	40 MHz
	0.78
	1.08
	1.52
	2.41

	100 MHz
	0.54
	0.71
	0.95
	1.48


Table 55 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.22
	0.72
	0.90

	40 MHz
	0.28
	0.80
	0.93

	100 MHz
	0.46
	0.90
	0.96
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Figure 28 Positioning error performance of SL TDOA with network-scheduled resource allocation: (5 anchor nodes, comb pattern (1, 1), Staggered RSU deployment)
Table 56 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.79
	1.14
	1.60
	2.49

	40 MHz
	0.64
	0.91
	1.27
	2.01

	100 MHz
	0.42
	0.58
	0.81
	1.22


Table 57 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.30
	0.78
	0.93

	40 MHz
	0.38
	0.84
	0.95

	100 MHz
	0.59
	0.93
	0.97
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Figure 29 Positioning error performance of SL TDOA with network-scheduled resource allocation: (5 anchor nodes, comb pattern (1, 1), Symmetric RSU deployment)
Table 58 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.73
	1.07
	1.54
	2.49

	40 MHz
	0.60
	0.86
	1.24
	2.04

	100 MHz
	0.40
	0.55
	0.77
	1.30


Table 59 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.32
	0.79
	0.93

	40 MHz
	0.41
	0.85
	0.95

	100 MHz
	0.63
	0.92
	0.97
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Figure 30 Positioning error performance of SL TDOA with network-scheduled resource allocation: (7 anchor nodes, comb pattern (1, 1), Staggered RSU deployment)
Table 60 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.69
	1.01
	1.42
	2.12

	40 MHz
	0.56
	0.80
	1.14
	1.73

	100 MHz
	0.36
	0.50
	0.70
	1.11


Table 61 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.35
	0.82
	0.95

	40 MHz
	0.44
	0.87
	0.96

	100 MHz
	0.67
	0.93
	0.98
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Figure 31 Positioning error performance of SL TDOA with network-scheduled resource allocation: (7 anchor nodes, comb pattern (1, 1), Symmetric RSU deployment)
Table 62 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.64
	0.92
	1.30
	1.93

	40 MHz
	0.53
	0.74
	1.04
	1.55

	100 MHz
	0.34
	0.46
	0.65
	1.01


Table 63 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.37
	0.84
	0.96

	40 MHz
	0.47
	0.89
	0.97

	100 MHz
	0.70
	0.95
	0.99
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Figure 32 Positioning error performance of SL TDOA with network-scheduled resource allocation: (3 anchor nodes, comb pattern (1, 1), Staggered RSU deployment)
Table 64 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.91
	1.32
	1.86
	2.95

	40 MHz
	0.77
	1.06
	1.48
	2.34

	100 MHz
	0.52
	0.69
	0.94
	1.44


Table 65 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.22
	0.73
	0.90

	40 MHz
	0.28
	0.80
	0.93

	100 MHz
	0.47
	0.91
	0.97
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Figure 33 Positioning error performance of SL TDOA with network-scheduled resource allocation: (3 anchor nodes, comb pattern (1, 1), Symmetric RSU deployment)
Table 66 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.93
	1.32
	1.88
	2.98

	40 MHz
	0.78
	1.09
	1.51
	2.43

	100 MHz
	0.54
	0.71
	0.95
	1.49


Table 67 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.22
	0.72
	0.90

	40 MHz
	0.28
	0.80
	0.92

	100 MHz
	0.46
	0.90
	0.96
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Figure 34 Positioning error performance of SL TDOA with network-scheduled resource allocation: (5 anchor nodes, comb pattern (6, 6), Staggered RSU deployment)
Table 68 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.79
	1.14
	1.61
	2.49

	40 MHz
	0.64
	0.92
	1.28
	2.03

	100 MHz
	0.43
	0.58
	0.81
	1.23


Table 69 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.30
	0.78
	0.93

	40 MHz
	0.38
	0.84
	0.95

	100 MHz
	0.59
	0.92
	0.97
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Figure 35 Positioning error performance of SL TDOA with network-scheduled resource allocation: (5 anchor nodes, comb pattern (6, 6), Symmetric RSU deployment)
Table 70 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.74
	1.07
	1.55
	2.53

	40 MHz
	0.61
	0.86
	1.26
	2.03

	100 MHz
	0.40
	0.55
	0.77
	1.30


Table 71 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.32
	0.79
	0.92

	40 MHz
	0.41
	0.84
	0.94

	100 MHz
	0.62
	0.91
	0.97
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Figure 36 Positioning error performance of SL TDOA with network-scheduled resource allocation: (7 anchor nodes, comb pattern (6, 6), Staggered RSU deployment)
Table 72 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.70
	1.01
	1.44
	2.14

	40 MHz
	0.56
	0.81
	1.15
	1.78

	100 MHz
	0.36
	0.50
	0.69
	1.11


Table 73 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.35
	0.81
	0.95

	40 MHz
	0.44
	0.87
	0.96

	100 MHz
	0.67
	0.93
	0.98
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Figure 37 Positioning error performance of SL TDOA with network-scheduled resource allocation: (7 anchor nodes, comb pattern (6, 6), Symmetric RSU deployment)
Table 74 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.65
	0.93
	1.31
	1.93

	40 MHz
	0.53
	0.75
	1.05
	1.59

	100 MHz
	0.34
	0.46
	0.65
	1.02


Table 75 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.37
	0.84
	0.96

	40 MHz
	0.47
	0.89
	0.97

	100 MHz
	0.70
	0.95
	0.99
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Figure 38 Positioning error performance of SL TDOA with network-scheduled resource allocation: (3 anchor nodes, comb pattern (12, 12), Staggered RSU deployment)
Table 76 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.92
	1.33
	1.90
	2.98

	40 MHz
	0.77
	1.07
	1.49
	2.39

	100 MHz
	0.52
	0.70
	0.94
	1.47


Table 77 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.22
	0.72
	0.90

	40 MHz
	0.28
	0.80
	0.93

	100 MHz
	0.47
	0.90
	0.97
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Figure 39 Positioning error performance of SL TDOA with network-scheduled resource allocation: (3 anchor nodes, comb pattern (12, 12), Symmetric RSU deployment)
Table 78 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.93
	1.33
	1.91
	3.05

	40 MHz
	0.78
	1.08
	1.54
	2.47

	100 MHz
	0.54
	0.72
	0.96
	1.49


Table 79 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.22
	0.72
	0.90

	40 MHz
	0.27
	0.79
	0.92

	100 MHz
	0.46
	0.90
	0.96
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Figure 40 Positioning error performance of SL TDOA with network-scheduled resource allocation: (5 anchor nodes, comb pattern (12, 12), Staggered RSU deployment)
Table 80 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.80
	1.15
	1.64
	2.53

	40 MHz
	0.65
	0.93
	1.31
	2.04

	100 MHz
	0.43
	0.58
	0.81
	1.24


Table 81 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.29
	0.77
	0.93

	40 MHz
	0.37
	0.84
	0.95

	100 MHz
	0.58
	0.92
	0.97
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Figure 41 Positioning error performance of SL TDOA with network-scheduled resource allocation: (5 anchor nodes, comb pattern (12, 12), Symmetric RSU deployment)
Table 82 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.75
	1.09
	1.58
	2.59

	40 MHz
	0.61
	0.88
	1.27
	2.10

	100 MHz
	0.40
	0.55
	0.77
	1.34


Table 83 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.32
	0.78
	0.92

	40 MHz
	0.41
	0.84
	0.94

	100 MHz
	0.62
	0.91
	0.97
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Figure 42 Positioning error performance of SL TDOA with network-scheduled resource allocation: (7 anchor nodes, comb pattern (12, 12), Staggered RSU deployment)
Table 84 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.70
	1.03
	1.47
	2.19

	40 MHz
	0.57
	0.82
	1.17
	1.79

	100 MHz
	0.37
	0.51
	0.71
	1.16


Table 85 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.34
	0.81
	0.95

	40 MHz
	0.44
	0.86
	0.96

	100 MHz
	0.66
	0.93
	0.98
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Figure 43 Positioning error performance of SL TDOA with network-scheduled resource allocation: (7 anchor nodes, comb pattern (12, 12), Symmetric RSU deployment)
Table 86 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.67
	0.94
	1.33
	1.99

	40 MHz
	0.54
	0.77
	1.07
	1.64

	100 MHz
	0.34
	0.47
	0.66
	1.04


Table 87 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.36
	0.84
	0.96

	40 MHz
	0.46
	0.89
	0.97

	100 MHz
	0.70
	0.94
	0.99



The following figures and tables show the performance results of the SL TDOA with UE-selected SL PRS resource allocation. The figures show the CDF of the error probability, and the tables show the positioning error at the given percentiles and the percentile to meet the target maximum positioning error.
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Figure 44 Positioning error performance of SL TDOA with UE-selected resource allocation: (3 anchor nodes, comb pattern (1, 1), Staggered RSU deployment)
Table 88 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.91
	1.29
	1.82
	2.84

	40 MHz
	0.76
	1.06
	1.47
	2.26

	100 MHz
	0.52
	0.69
	0.92
	1.40


Table 89 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.23
	0.73
	0.91

	40 MHz
	0.29
	0.81
	0.94

	100 MHz
	0.47
	0.91
	0.97
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Figure 45 Positioning error performance of SL TDOA with UE-selected resource allocation: (3 anchor nodes, comb pattern (1, 1), Symmetric RSU deployment)
Table 90 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.95
	1.36
	1.95
	3.14

	40 MHz
	0.79
	1.10
	1.55
	2.48

	100 MHz
	0.54
	0.72
	0.97
	1.46


Table 91 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.22
	0.71
	0.89

	40 MHz
	0.27
	0.79
	0.93

	100 MHz
	0.45
	0.90
	0.96
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Figure 46 Positioning error performance of SL TDOA with UE-selected resource allocation: (5 anchor nodes, comb pattern (1, 1), Staggered RSU deployment)
Table 92 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.84
	1.19
	1.68
	2.62

	40 MHz
	0.67
	0.93
	1.29
	1.99

	100 MHz
	0.45
	0.60
	0.79
	1.21


Table 93 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.26
	0.76
	0.92

	40 MHz
	0.34
	0.84
	0.95

	100 MHz
	0.56
	0.92
	0.97
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Figure 47 Positioning error performance of SL TDOA with UE-selected resource allocation: (5 anchor nodes, comb pattern (1, 1), Symmetric RSU deployment)
Table 94 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.78
	1.14
	1.67
	2.76

	40 MHz
	0.64
	0.91
	1.30
	2.17

	100 MHz
	0.42
	0.57
	0.78
	1.30


Table 95 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.29
	0.77
	0.91

	40 MHz
	0.37
	0.84
	0.94

	100 MHz
	0.60
	0.92
	0.97
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Figure 48 Positioning error performance of SL TDOA with UE-selected resource allocation: (7 anchor nodes, comb pattern (1, 1), Staggered RSU deployment)
Table 96 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.79
	1.12
	1.60
	2.64

	40 MHz
	0.63
	0.88
	1.22
	1.97

	100 MHz
	0.41
	0.55
	0.75
	1.16


Table 97 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.29
	0.78
	0.92

	40 MHz
	0.38
	0.85
	0.94

	100 MHz
	0.61
	0.93
	0.98
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Figure 49 Positioning error performance of SL TDOA with UE-selected resource allocation: (7 anchor nodes, comb pattern (1, 1), Symmetric RSU deployment)
Table 98 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.73
	1.04
	1.47
	2.33

	40 MHz
	0.60
	0.83
	1.16
	1.82

	100 MHz
	0.39
	0.53
	0.72
	1.09


Table 99 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.31
	0.81
	0.93

	40 MHz
	0.41
	0.87
	0.95

	100 MHz
	0.64
	0.94
	0.98
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Figure 50 Positioning error performance of SL TDOA with UE-selected resource allocation: (3 anchor nodes, comb pattern (6, 6), Staggered RSU deployment)
Table 100 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.92
	1.30
	1.83
	2.86

	40 MHz
	0.76
	1.06
	1.49
	2.29

	100 MHz
	0.52
	0.69
	0.93
	1.41


Table 101 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.22
	0.73
	0.91

	40 MHz
	0.29
	0.80
	0.93

	100 MHz
	0.47
	0.91
	0.97
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Figure 51 Positioning error performance of SL TDOA with UE-selected resource allocation: (3 anchor nodes, comb pattern (6, 6), Symmetric RSU deployment)
Table 102 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.95
	1.36
	1.95
	3.15

	40 MHz
	0.79
	1.11
	1.58
	2.58

	100 MHz
	0.54
	0.72
	0.97
	1.48


Table 103 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.22
	0.71
	0.89

	40 MHz
	0.28
	0.79
	0.92

	100 MHz
	0.45
	0.90
	0.96
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Figure 52 Positioning error performance of SL TDOA with UE-selected resource allocation: (5 anchor nodes, comb pattern (6, 6), Staggered RSU deployment)
Table 104 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.85
	1.20
	1.69
	2.71

	40 MHz
	0.68
	0.95
	1.31
	2.08

	100 MHz
	0.46
	0.61
	0.81
	1.23


Table 105 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.25
	0.76
	0.91

	40 MHz
	0.34
	0.84
	0.94

	100 MHz
	0.56
	0.92
	0.97



[image: ]
Figure 53 Positioning error performance of SL TDOA with UE-selected resource allocation: (5 anchor nodes, comb pattern (6, 6), Symmetric RSU deployment)
Table 106 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.79
	1.13
	1.64
	2.65

	40 MHz
	0.64
	0.92
	1.36
	2.34

	100 MHz
	0.42
	0.57
	0.79
	1.33


Table 107 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.29
	0.77
	0.92

	40 MHz
	0.37
	0.82
	0.93

	100 MHz
	0.60
	0.91
	0.97
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Figure 54 Positioning error performance of SL TDOA with UE-selected resource allocation: (7 anchor nodes, comb pattern (6, 6), Staggered RSU deployment)
Table 108 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.80
	1.14
	1.62
	2.63

	40 MHz
	0.63
	0.88
	1.23
	1.92

	100 MHz
	0.42
	0.56
	0.76
	1.15


Table 109 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.28
	0.78
	0.92

	40 MHz
	0.38
	0.85
	0.95

	100 MHz
	0.61
	0.93
	0.98
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Figure 55 Positioning error performance of SL TDOA with UE-selected resource allocation: (7 anchor nodes, comb pattern (6, 6), Symmetric RSU deployment)
Table 110 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.74
	1.04
	1.46
	2.23

	40 MHz
	0.60
	0.85
	1.22
	1.98

	100 MHz
	0.39
	0.53
	0.72
	1.12


Table 111 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.31
	0.81
	0.94

	40 MHz
	0.40
	0.85
	0.94

	100 MHz
	0.64
	0.94
	0.98
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Figure 56 Positioning error performance of SL TDOA with UE-selected resource allocation: (3 anchor nodes, comb pattern (12, 12), Staggered RSU deployment)
Table 112 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.93
	1.32
	1.88
	2.96

	40 MHz
	0.76
	1.05
	1.47
	2.30

	100 MHz
	0.52
	0.69
	0.93
	1.41


Table 113 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.22
	0.72
	0.90

	40 MHz
	0.29
	0.81
	0.93

	100 MHz
	0.47
	0.91
	0.97
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Figure 57 Positioning error performance of SL TDOA with UE-selected resource allocation: (3 anchor nodes, comb pattern (12, 12), Symmetric RSU deployment)
Table 114 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.95
	1.37
	1.98
	3.20

	40 MHz
	0.79
	1.11
	1.57
	2.51

	100 MHz
	0.54
	0.73
	0.99
	1.50


Table 115 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.21
	0.71
	0.89

	40 MHz
	0.27
	0.79
	0.92

	100 MHz
	0.45
	0.90
	0.96
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Figure 58 Positioning error performance of SL TDOA with UE-selected resource allocation: (5 anchor nodes, comb pattern (12, 12), Staggered RSU deployment)
Table 116 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.84
	1.21
	1.71
	2.67

	40 MHz
	0.69
	0.95
	1.31
	2.06

	100 MHz
	0.46
	0.61
	0.80
	1.23


Table 117 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.26
	0.76
	0.92

	40 MHz
	0.33
	0.84
	0.95

	100 MHz
	0.56
	0.92
	0.97
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Figure 59 Positioning error performance of SL TDOA with UE-selected resource allocation: (5 anchor nodes, comb pattern (12, 12), Symmetric RSU deployment)
Table 118 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.80
	1.16
	1.70
	2.79

	40 MHz
	0.65
	0.93
	1.35
	2.24

	100 MHz
	0.43
	0.58
	0.80
	1.35


Table 119 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.28
	0.76
	0.91

	40 MHz
	0.37
	0.83
	0.93

	100 MHz
	0.59
	0.91
	0.97
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Figure 60 Positioning error performance of SL TDOA with UE-selected resource allocation: (7 anchor nodes, comb pattern (12, 12), Staggered RSU deployment)
Table 120 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.79
	1.13
	1.60
	2.48

	40 MHz
	0.63
	0.88
	1.23
	1.92

	100 MHz
	0.42
	0.56
	0.76
	1.19


Table 121 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.28
	0.78
	0.93

	40 MHz
	0.38
	0.85
	0.95

	100 MHz
	0.60
	0.93
	0.98
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Figure 61 Positioning error performance of SL TDOA with UE-selected resource allocation: (7 anchor nodes, comb pattern (12, 12), Symmetric RSU deployment)
Table 122 Positioning error (m) at given percentiles
	Percentage
	50%
	67%
	80%
	90%

	20 MHz
	0.76
	1.08
	1.54
	2.41

	40 MHz
	0.60
	0.85
	1.19
	1.83

	100 MHz
	0.39
	0.54
	0.73
	1.15


Table 123 Percentile (%) to meet the max. error
	Error, m
	0.5
	1.5
	3

	20 MHz
	0.29
	0.79
	0.93

	40 MHz
	0.40
	0.86
	0.96

	100 MHz
	0.63
	0.94
	0.98


From the figures and tables above, we can see that the SL TDOAs with the network-scheduled and the UE-selected resource allocation satisfy the positioning accuracy requirement Set A (horizontal accuracy of 1.5m) when SL PRS bandwidth of 100MHz is used in FR1 for all comb patterns. To meet the requirement Set B (horizontal accuracy of 0.5m), SL PRS bandwidth larger than 100MHz seems to be needed in FR2.
Observation 4: For V2X use cases in highway scenario, SLS results show that the absolute positioning based on SL TODA with BW=100MHz in FR1 satisfies Set A positioning accuracy requirement. 
Observation 5: For V2X use cases in highway scenario, the staggered RSU deployment shows slightly better performance than the symmetric RSU deployment for the absolute positioning based on SL TDOA.
Conclusion 3: At least for V2X use cases, Set A positioning accuracy requirements for absolute SL positioning are satisfied with SL TDOA in FR1.
3. Conclusion
Observation 1: For V2X use cases in highway scenario, SLS results show that the relative positioning based on SL single RTT with BW≥40MHz in FR1 satisfies Set A positioning accuracy requirement. 
Conclusion 1: At least for V2X use cases, Set A positioning accuracy requirements for relative SL positioning are satisfied with SL single RTT in FR1.
[bookmark: _GoBack]Observation 2: For V2X use cases in highway scenario, SLS results show that the absolute positioning based on SL multi-RTT with BW=100MHz in FR1 satisfies Set A positioning accuracy requirement. 
Observation 3: For V2X use cases in highway scenario, the staggered RSU deployment shows slightly better performance than the symmetric RSU deployment for the absolute positioning based on SL multi-RTT.
Conclusion 2: At least for V2X use cases, Set A positioning accuracy requirements for absolute SL positioning are satisfied with SL multi-RTT in FR1.
Observation 4: For V2X use cases in highway scenario, SLS results show that the absolute positioning based on SL TODA with BW=100MHz in FR1 satisfies Set A positioning accuracy requirement. 
Observation 5: For V2X use cases in highway scenario, the staggered RSU deployment shows slightly better performance than the symmetric RSU deployment for the absolute positioning based on SL TDOA.
Conclusion 3: At least for V2X use cases, Set A positioning accuracy requirements for absolute SL positioning are satisfied with SL TDOA in FR1.
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