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Introduction
The Rel-18 NR positioning evolution SID was agreed upon during the RAN#94-e [1] meeting, where one of the objectives entail the development of a common SL positioning evaluation framework. The following agreements were made during RAN1#109-e [2] to define the SL Positioning Evaluation Methodology:
	SL Positioning Evaluation Methodology:
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. 
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
· [bookmark: _Hlk111545764]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. 
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



This contribution presents evaluations based on the commonly agreed assumptions pertaining to the angle-based techniques for the V2X use cases and provides an analysis of certain aspects including whether the evaluations are able to successfully meet the requirements defined in RAN1#109-e [2][3]. 
High-level Simulation Flow
General
A basic flow diagram of simulation setup for modelling SL positioning performance in V2X scenarios is illustrated in Figure 1. The modelling is largely similar to the modelling of the Uu positioning framework with adaptions for handling SL-specific functional blocks, e.g., V2X urban and highway channel models, V2X antenna configurations. The scope of the contribution focuses on the positioning performance for 2 sub-scenarios within the V2X use case including, the Urban Grid and Highway scenarios as per the agreed simulation assumptions agreed in RAN1#109-e [2].
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[bookmark: _Ref101866728]Figure 1: Simulation Block Setup
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[bookmark: _Ref110333740][bookmark: _Ref110333727]Figure 2: V2X Scenarios: Urban Grid and Highway
The two V2X scenarios, urban-grid and highway (staggered and unstaggered) are considered as illustrated in Figure 2. The urban case consists of a grid scenario with RSUs located at each intersection. The highway deployment, on the other hand, describes the deployment of RSUs alongside the highway, either in a unstaggered (baseline) or staggered (optional) fashion. UE dropping option A as described in [TR 37.885, 4] is used in both deployment scenarios, with random target-UEs selection. The PRS sequences are generated using the Gold pseudo-random method. The CDL channel and pathloss models are generated as described in Section 6.2 of [TR 37.885, 4]. 
Timing-based Techniques
The SL-RTT procedure was modelled as shown in Figure 3 (left hand side figure) and is used for evaluating ranging accuracy. The distance between a UE-type-RSU and a vehicle is estimated using round trip time. A simplified illustration of the positioning technique is shown in Figure 3. The SL-RTT technique was evaluated for the highway and urban grid scenarios. The relative positioning or ranging is performed between the RSU and UE within X m, where X = 100 m for the highway scenario while X = 50 m for the Urban grid scenario. For the two-way SL-RTT performance, the propagation delay (Time of flight) can be determined using the following:
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[bookmark: _Ref111533170]Figure 3: Concept description of One-way SL-RTT and Two-way SL-RTT.
Angle-based Techniques
The angle-of-arrival (AOA) estimation is performed using 3-way canonical polyadic decomposition (CPD) tensor decomposition and ESPRIT techniques. The horizontal absolute position of a Target-UE is estimated using the following methods: single anchor SL-AOA-TOA and two anchors SL-AOA methods, as illustrated in Figure 4. The target-UEs are randomly selected with the assumption that the serving RSU has minimum and maximum distance to the target-UE of 5m and 20m, respectively. 
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[bookmark: _Ref111216447]Figure 4: Concept description of Single Anchor SL-TOA-AOA and Two Anchors SL-AOA methods
Evaluation Overview
Simulation Parameters
The simulation assumptions for the evaluations are summarized in Table 1.

[bookmark: _Ref110617126]Table 1: Overall Simulation Assumptions
	Parameter
	Description 

	Network Setup  
	Urban grid and highway V2X scenarios as illustrated in Figure 2 

	UE-type RSU antenna configuration
	SL-AOA and SL-TOA-AOA:  Baseline: (1, 2, 2, 1, 1)
	              	         Optional: (1, 4, 2, 1, 1)

	
	SL-TDoA and SL-RTT: (1, 1, 1, 1, 1)

	Vehicle UE antenna configuration
	Baseline: (1, 2, 2, 1, 1)
Optional: (1, 4, 2, 1, 1)

	
	SL-TDoA and SL-RTT-: (1, 2, 1, 1, 1)

	Channel model 
	LOS plus NLOSv CDL model as described in section 6.2 of [TR37.885, 5]

	Carrier frequency 
	6 GHz

	Subcarrier spacing
	30 kHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) 
	SL-AOA and SL-TOA-AOA: Comb-4 

	
	SL-TDOA and SL-RTT: Comb-6

	Reference signal Configurations
(type of sequence, number of ports, …) 
	Gold sequence


	Number of sites
	Urban: 16, highway: SL-AoA and SL-AoA-ToA- 10; SL-TDOA and SL-RTT: 18

	Number of symbols used per occasion
	SL-AOA and SL-TOA-AOA: 4

	
	SL-TDOA and SL-RTT: 6

	Power-boosting level
	PRS: 3 dB

	UE Dropping
	Random

	LOS/NLOS Detection
	None

	Network synchronization assumptions
	Ideal/Perfect synchronization

	Measurement Algorithm
	AoA:- ESPIRIT, 3-way CPD tensor
ToA:- Thresholding

	
	SL-TDoA and SL-RTT: MUSIC

	BS-type RSU Tx power
	23 dBm

	UE receiver noise figure
	9 dB

	UE/gNB Tx/Rx 
Calibration Error
	No timing calibration error



Performance Results
Case A: SL-AOA (Two anchors)
Figure 5 shows the CDF versus the horizontal absolute position error, in meters, and the MSE of the estimated AOA, in degrees, when using the two anchors SL-AOA method. Moreover, Table 2 shows some selected percentiles of the horizontal absolute position error using the two anchors SL-AOA method. Due to the two anchors assumption, we note that there is a big difference between the staggered and the unstaggered highway deployment. For the two anchors SL-AOA method, the closest two RSUs to the Target-UE are selected for positioning. Note that, the minimum distance between two RSUs in 1) the urban grid scenario is 250m, 2) the highway unstaggered scenario is 24m, and 3) the highway staggered scenario is 102.8397m.  
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[bookmark: _Ref111216467]Figure 5: CDF vs horizontal absolute positioning error and MSE of estimated AOA using two anchors SL-AOA method
[bookmark: _Ref111221949]Table 2: Selected percentiles of horizontal absolute positioning error, in meter, using two anchors SL-AOA method
	Case
	Scenario
	50%
	67%
	80%
	90%

	Case A.1
	Urban Grid, BW: 20 MHz, Baseline Antenna Configuration
	16.4938
	28.0126
	42.7707
	71.1145

	Case A.2
	Highway Unstaggered, BW: 20 MHz, Baseline Antenna Configuration
	0.6384
	0.9442
	1.3344
	1.9987

	Case A.3
	Highway Unstaggered, BW: 40 MHz, Baseline Antenna Configuration
	  0.6359    
	0.8891    
	1.2563    
	1.8554    

	Case A.4
	Highway Staggered, BW: 20 MHz, Baseline Antenna Configuration
	14.1723
	20.9454
	28.2028
	38.7064

	Case A.5
	Highway Unstaggered, BW: 100 MHz, Baseline Antenna Configuration
	0.5399
	0.8023
	1.1048
	1.5563

	Case A.6
	Highway Unstaggered, BW: 20 MHz, Optional Antenna Configuration
	0.4326
	0.6336
	0.8247
	1.1523


Observation 1: With the two anchors SL-AOA method, the highway unstaggered deployment scenario achieves the best SL positioning accuracy compared to the urban grid and the highway staggered deployment scenarios, since it achieves more accurate AOA estimation and has much shorter distance between the selected two anchor RSUs.
Observation 2: Only with the highway unstaggered deployment scenario, the two anchors SL-AOA method can achieve the positioning requirements Set A, especially with the large system bandwidth and/or large number of antenna elements.  
Observation 3: Increasing the number of antenna elements provides better AOA estimation accuracy than increasing the system bandwidth.  
Observation 4: Although both the urban grid and the highway staggered deployment scenarios have comparable AOA estimation accuracy, the positioning estimation accuracy of latter is better than the former, mainly due to the shorter distance between the selected two anchor RSUs.  
Case B: SL-TOA-AOA method (Single anchor)(Hybrid Method)
Figure 6 shows the CDF versus the horizontal absolute position error, in meters, and the MSE of the estimated AOA, in degrees, when using the single anchor SL-TOA-AOA method. Moreover, Table 3 shows some selected percentiles of the horizontal absolute position error using the single anchor SL-TOA-AOA method. Here, both UE-type RSU and vehicle Target-UE are configured with the baseline antenna configuration. Due to the single anchor assumption, we note that there is no difference between the staggered and the unstaggered highway deployments. Therefore, the simulation results are only shown for highway staggered scenario.      
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[bookmark: _Ref111216706]Figure 6: CDF vs horizontal absolute positioning error and MSE of estimated AOA using single anchor SL-TOA-AOA method
Table 3: Selected percentiles of horizontal absolute positioning error, in meter, using the single anchor SL-TOA-AOA method
	Case
	Scenario	
	50%
	67%
	80%
	90%

	Case B.1
	Urban Grid, BW: 20 MHz, Baseline Antenna Configuration
	0.2078
	0.3404
	0.5240
	0.8387

	Case B.2
	Urban Grid, BW: 100 MHz, Baseline Antenna Configuration
	0.1255
	0.1926
	0.2886
	0.4280

	Case B.3
	Highway, BW: 20 MHz, Baseline Antenna Configuration
	0.1640
	0.2581
	0.3813
	0.5925

	Case B.4
	Highway, BW: 100 MHz, Baseline Antenna Configuration
	0.0913
	0.1402
	0.2011
	0.3046


Observation 5: The single anchor SL-TOA-AOA method can meet the horizontal SL positioning accuracy requirements Set B, especially with the higher system bandwidth of 100 MHz 
Observation 6: The highway deployment scenario achieves better SL positioning accuracy compared to the urban grid deployment scenario.  
Observation 7: For both methods, i.e., single anchor SL-TOA-AOA and two anchors SL-AOA, the AOA estimation accuracy should be increased with the increasing distance between the anchor RSU and the Target-UE to maintain a certain positioning estimation accuracy requirement.
Case C: SL-TDoA (Four anchors)
In this section, SL-TDoA absolute positioning performance has been evaluated for different deployment scenarios (mainly highway (staggered and unstaggered) and urban grid). Furthermore, the MUSIC super resolution algorithm was used in this evaluation for the measurements. The closest four UE-type-RSUs are used for trilateration and determining exact vehicle location. Table 4 shows the absolute positioning error for the selected percentiles using SL-TDoA. 
[bookmark: _Ref111536411]Table 4: Selected percentiles of horizontal absolute positioning error, in meter, using SL-TDoA method
	Case
	Scenario	
	50%
	67%
	80%
	90%

	Case C.1
	Urban Grid, BW: 100 MHz, [1 Tx, 2 Rx]
	1.53
	2.44
	3.55
	5

	Case C.2
	Highway (Unstaggered), BW: 100 MHz, [1 Tx, 2 Rx]
	1.39
	2.00
	2.74
	3.93

	Case C.3
	Highway (Staggered), BW: 20 MHz, [1 Tx, 2 Rx]
	2.08
	3.29
	4.81
	6.77

	Case C.4
	Highway (Staggered), BW: 40 MHz, [1 Tx, 2 Rx]
	1.86
	2.84
	4.28
	5.75

	Case C.5
	Highway (Staggered), BW: 100 MHz, [1 Tx, 2 Rx]
	0.70
	1.10
	1.60
	2.20


Observation 8: With the SL-TDoA method, the highway unstaggered deployment scenario achieves slightly better horizontal absolute positioning accuracy compared to the urban grid deployment scenario. 
Observation 9: Staggered highway deployment configuration based on a MUSIC algorithm, enables about 2 m performance gain over unstaggered highway deployment. 
Observation 10:   With 100 MHz bandwidth we can achieve accuracy < 3m at 90% for highway staggered deployment.
Case D: SL-RTT (Single anchor)
For the scenario of SL relative positioning evaluation, we provide an initial set of simulation results for the scenario as per the simulation assumptions laid out in Table 1. All UEs are assumed to be in-coverage. One way SL-RTT and two-way SL-RTT (please refer to Figure 3) are the positioning techniques used for this scenario. The relative positioning or ranging is performed between two UEs within X = 100 m and X = 50 m, for the highway unstaggered and urban grid scenario, respectively.  The results for both highway unstaggered and urban grid deployments are captured in Table 5.  
[bookmark: _Ref111559600]Table 5: Selected percentiles of horizontal absolute positioning error, in meter, using SL-RTT method
	Case
	Scenario	
	50%
	67%
	80%
	90%

	Case D.1
	Highway (Unstaggered), BW: 20, [1 Tx, 2 Rx], X = 100 m, One-way (single-sided) RTT
	3.19
	5.22
	7.25
	10.37

	Case D.2
	Urban Grid, BW: 20 MHz, [1 Tx, 2 Rx], X = 50 m, One-way (single-sided) RTT
	4.37
	6.88
	9.82
	14.00

	Case D.3
	Highway (Unstaggered), BW: 100 MHz, [1 Tx, 2 Rx], One-way (single-sided) RTT
	1.53
	2.34
	3.39
	4.85

	Case D.4
	Highway (Unstaggered), BW: 100 MHz, [1 Tx, 2 Rx], Two-way (double-sided) RTT
	1.25
	1.71
	2.24
	3.21



Observation 11: With the SL-RTT method, the highway unstaggered deployment scenario achieves slightly better ranging accuracy compared to the urban grid deployment scenario.
Observation 12: For the SL ranging scenario, two-way SL-RTT achieves better ranging accuracy compared to the one-way SL-RTT positioning technique with roughly 33% reduction in ranging error at 90%.
Summary 
Table 6 summarizes whether the performance results satisfy the agreed requirements as laid out in our companion contribution [3] and agreed upon in RAN1#109-e. 
[bookmark: _Ref111215727]Table 6: Summary of SL Positioning Results in relation to the V2X requirements
	Method
	Case
	Scenario
	Absolute/Relative Positioning Error [m]
	Set A:
1.5 m for 90% of UEs (absolute and relative)
	Set B:
0.5 m for 90% of UEs (absolute and relative)

	Two Anchors SL-AOA
	Case A.1
	Urban Grid, BW: 20 MHz, Baseline Antenna Configuration
	71.1145
	No, 
Very hard
	No, 
Very hard

	
	Case A.2
	Highway Unstaggered, BW: 20 MHz, Baseline Antenna Configuration
	1.9987
	No,
But close
	No,
Hard 

	
	Case A.3
	Highway Unstaggered, BW: 40 MHz, Baseline Antenna Configuration
	1.8554    
	No, 
But close
	No,
Hard

	
	Case A.4
	Highway Staggered, BW: 20 MHz, Baseline Antenna Configuration
	38.7064
	No,
Very hard
	No,
Very hard

	
	Case A.5
	Highway Unstaggered, BW: 100 MHz, Baseline Antenna Configuration
	1.5563
	No,
But close
	No,
Hard

	
	Case A.6
	Highway Unstaggered, BW: 20 MHz, Optional Antenna Configuration
	1.1523
	Yes
	No, 
But close

	Single Anchor SL-TOA-AOA
	Case B.1
	Urban Grid, BW: 20 MHz, Baseline Antenna Configuration
	0.8387
	Yes

	No, 
But close

	
	Case B.2
	Urban Grid, BW: 100 MHz, Baseline Antenna Configuration
	0.4280
	Yes
	Yes

	
	Case B.3
	Highway, BW: 20 MHz, Baseline Antenna Configuration
	0.5925
	Yes
	No,
But close

	
	Case B.4
	Highway, BW: 100 MHz, Baseline Antenna Configuration
	0.3046
	Yes
	Yes

	SL-TDoA
	Case C.1
	Urban Grid, BW: 100 MHz, [1 Tx, 2 Rx]
	5
	No, 
Very hard
	No, 
Very hard

	
	Case C.2
	Highway (Unstaggered), BW: 100 MHz, [1 Tx, 2 Rx]
	3.93
	No,
Very hard
	No,
Very hard

	
	Case C.3
	Highway (Staggered), BW: 20 MHz, [1 Tx, 2 Rx]
	6.77
	No,
Very hard
	No,
Very hard

	
	Case C.4
	Highway (Staggered), BW: 40 MHz, [1 Tx, 2 Rx]
	5.75
	No,
Very hard
	No,
Very hard

	
	Case C.5
	Highway (Staggered), BW: 100 MHz, [1 Tx, 2 Rx]
	2.20
	No,
Hard
	No,
Very hard 

	SL-RTT (one-way and two-way)
	Case D.1
	Highway (Unstaggered), BW: 20, [1 Tx, 2 Rx], X = 100 m, One-way (single-sided) RTT
	10.37
	No,
Very hard
	No,
Very hard

	
	Case D.2
	Urban Grid, BW: 20 MHz, [1 Tx, 2 Rx], X = 50 m, One-way (single-sided) RTT
	14.00
	No,
Very hard
	No,
Very hard

	
	Case D.3
	Highway (Unstaggered), BW: 100 MHz, [1 Tx, 2 Rx], One-way (single-sided) RTT
	4.76
	No,
Very hard
	No,
Very hard

	
	Case D.4
	Highway (Unstaggered), BW: 100 MHz, [1 Tx, 2 Rx], Two-way (double-sided) RTT
	3.2
	No,
Very hard
	No,
Very hard



Conclusion
The following observations in relation to the above performance evaluations are observed:
Observation 1: With the two anchors SL-AOA method, the highway unstaggered deployment scenario achieves the best SL positioning accuracy compared to the urban grid and the highway staggered deployment scenarios, since it achieves more accurate AOA estimation and has much shorter distance between the selected two anchor RSUs.
Observation 2: Only with the highway unstaggered deployment scenario, the two anchors SL-AOA method can achieve the positioning requirements Set A, especially with the large system bandwidth and/or large number of antenna elements.  
Observation 3: Increasing the number of antenna elements provides better AOA estimation accuracy than increasing the system bandwidth.  
Observation 4: Although both the urban grid and the highway staggered deployment scenarios have comparable AOA estimation accuracy, the positioning estimation accuracy of latter is better than the former, mainly due to the shorter distance between the selected two anchor RSUs.  
Observation 5: The single anchor SL-TOA-AOA method can meet the horizontal SL positioning accuracy requirements Set B, especially with the higher system bandwidth of 100 MHz 
Observation 6: The highway deployment scenario achieves better SL positioning accuracy compared to the urban grid deployment scenario.  
Observation 7: For both methods, i.e., single anchor SL-TOA-AOA and two anchors SL-AOA, the AOA estimation accuracy should be increased with the increasing distance between the anchor RSU and the Target-UE to maintain a certain positioning estimation accuracy requirement.
Observation 8: With the SL-TDoA method, the highway unstaggered deployment scenario achieves slightly better horizontal absolute positioning accuracy compared to the urban grid deployment scenario.
Observation 9: Staggered highway deployment configuration based on a MUSIC algorithm, enables about 2 m performance gain over unstaggered highway deployment. 
Observation 10:   With 100 MHz bandwidth we can achieve accuracy < 3m at 90% for highway staggered deployment.
Observation 11: With the SL-RTT method, the highway unstaggered deployment scenario achieves slightly better ranging accuracy compared to the urban grid deployment scenario.
Observation 12: For the SL ranging scenario, two-way SL-RTT achieves better ranging accuracy compared to the one-way SL-RTT positioning technique with roughly 33% reduction in ranging error at 90%.
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