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1. Introduction
The following agreements on the evaluation of SL positioning were made in RAN1 #110bis-e meeting.
	Observation
The performance analysis for Rel-18 SL positioning shows that, with increasing of bandwidth of SL PRS, the positioning accuracy improves for both absolute positioning and relative positioning/ranging for all evaluated scenarios.

Observation
The performance analysis for Rel-18 SL positioning shows that different SL positioning methods can be used to determine absolute position of a target UE:  
· Simulation results based SL-TDOA were provided in contributions from 10 sources ([Nokia 1], [OPPO 4], [CATT, GOHIGH 5], [Sony 6], [ZTE,CMCC 7], [Lenovo 9], [LG 10], [InterDigital 11], [Intel 15], [CEWiT 16])
· Simulation results based on SL-RTT (multi-RTT) were provided in contributions from 6 sources ([Huawei 2], [vivo 3], [LG 10], [InterDigital 11], [Qualcomm 14], [Samsung 12])
· Simulation results based on two anchors SL-AOA and single anchor SL-TOA+AOA were provided in contribution from 1 source ([Lenovo 9])
Note: at least the number of sources and the references can be further updated in next meeting depending on companies’ update of simulation results. 

Observation
The performance analysis for Rel-18 SL positioning shows that, SL positioning methods can be used for relative positioning/ ranging between UEs. For relative positioning/ranging positioning accuracy,
· Simulation results based SL-RTT and/or AOA were provided in contributions from 10 sources ([Huawei 2], [vivo 4], [CATT, GOHIGH 5], [Sony 6], [ZTE, CMCC 7], [Xiaomi 8], [Lenovo 9], [LG 10], [Qualcomm 14], [Intel 15] )
· Results based SL-TDOA were provided in contribution from 1 source ([CEWiT 16])
Note: at least the number of sources and the references can be further updated in next meeting depending on companies’ update of simulation results. 

Observation:
For V2X use case in highway scenario, 13 sources ([Huawei 2], [vivo 3], [OPPO 4], [CATT,GOHIGH 5], [Sony 6], [ZTE,CMCC 7], [Lenovo 9], [LG 10], [Samsung 12], [Qualcomm 14], [Intel 15], [CEWiT 16], [Ericsson 17]) provide simulation results for FR1, and 1 source ([CEWiT 16]) provides simulation results for FR2. 
· For absolute horizontal accuracy, the results were provided by 13 sources. 11 out of 13 sources show that, the target requirement set A can be achieved, and 9 out of 13 sources show that the target requirement set B cannot be achievable even by 100MHz.
· The requirement 1.5m@90% (Set A)
· is achieved with 20MHz bandwidth in contributions from 3 sources ([ZTE,CMCC 7], [Lenovo 9], [CEWiT 16]),
· where SL ToA+AoA technique and optional antenna configuration is used in contribution from ([Lenovo 9])
· and is achieved with at least 40MHz bandwidth in contributions from 4 sources ([Huawei 2], [CATT,GOHIGH 5], [LG 10], [Samsung 12]), 
· and is achieved with at least 100MHz bandwidth in contributions from 5 sources ([vivo 3], [OPPO 4], [Sony 6], [Lenovo 9], [Ericsson 17]),
· where SL-TDOA technique is used in contribution from ([Lenovo 9])
· and is NOT achieved with 100MHz bandwidth in contributions from 2 sources ([Qualcomm 14], [Intel 15])
· The requirement 0.5m@90% (Set B) 
· is achieved with 40MHz in contribution from 1 source ([Samsung 12]),
· and is achieved with at least100MHz in contributions from 3 sources ([Huawei 2], [CATT,GOHIGH 5], [ZTE,CMCC 7]),
· where Joint Uu/SL positioning is used in contribution from ([ZTE,CMCC 7])
· and is NOT achieved with100MHz bandwidth in FR1 or 400MHz in FR2 in contributions from 9 sources ([vivo 3], [OPPO 4], [Sony 6], [ZTE,CMCC 7], [Lenovo 9], [Qualcomm 14], [Intel 15], [CEWiT 16], [Ericsson 17]),
· where SL-only positioning is used in contribution from ([ZTE,CMCC 7])
· For absolute vertical accuracy, the results were provided by 1 source out of 13 sources.
· The requirement 3m@90% (Set A)
· is achieved with at least 100MHz bandwidth in contribution from 1 source ([ZTE,CMCC 7])
· The requirement 2m@90% (Set B)
· is achieved with 100MHz bandwidth in contribution from 1 source ([ZTE,CMCC 7])
· For relative horizontal accuracy, the results were provided by 5 sources out of 13 sources. The performance of relative horizontal accuracy is worse than that of distance accuracy of ranging mainly due to additional angle estimation error. All 5 sources show Set B cannot be met even by 100MHz in the case without RSU-UE positioning. 
· The requirement 1.5m@90% (Set A) 
· is achieved with at least 40MHz bandwidth in contributions from 2 sources ([Huawei 2], [CATT,GOHIGH 5])
· X = 20m in contribution from ([CATT,GOHIGH 5])
· X = 50m in contribution from ([Huawei 2]) where RSU deployment is additionally used for performing relative positioning
· and is achieved with at least 100MHz bandwidth in contributions from 3 source ([Huawei 2], [CATT,GOHIGH 5], [CEWiT 16])
· X = 25m in contribution from ([CATT,GOHIGH 5])
· X = 150m in contributions from ([Huawei 2], [CEWiT 16]), where BS or RSU deployment is additionally used for performing relative positioning
· and is NOT achieved with 100MHz bandwidth in contributions from 4 sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [Sony 6])
· X = 100m and 150m in contribution from ([CATT,GOHIGH 5])
· X = 25m, 50m, and 100m in contribution from ([vivo 3])
· X = 50m in contribution from ([Sony 6])
· X = 50m and 150m in contribution from ([Huawei 2]) 
· The requirement 0.5m@90% (Set B) 
· is achieved with at least 100MHz bandwidth in contributions from 1 source ([Huawei 2])
· X = 50m in contribution from ([Huawei 2]) where RSU deployment is additionally used for performing relative positioning
· is NOT achieved with 100MHz bandwidth in FR1 or 400MHz in FR2 in contributions from 5 sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [Sony 6], [CEWiT 16])
· For distance accuracy of ranging, the results were provided by 9 out of 13 sources. 5 of 9 sources show that the target requirement set A can be achievable by 20MHz, and 5 out of 9 sources show that the target requirement set B can be achievable by larger bandwidth, e.g. 40MHz or 100MHz, and 3 of 9 sources show that the target requirement set B cannot be achieved with 100MHz bandwidth.
· The requirement 1.5m@90% (Set A) 
· is achieved with 20MHz bandwidth in contributions from 5 sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [ZTE,CMCC 7], [CEWiT 16])
· X = 50m and 150 in contribution from ([Huawei 2])
· X = 20m, 25m, 100m and 150m in contribution from ([CATT,GOHIGH 5])
· X = 25m, 50m, and 100m in contribution from ([vivo 3])
· X = 150m in contribution from ([CEWiT 16]), where RSU deployment is additionally used for performing distance ranging
· X = 100m, 200m and 300m in contribution from ([ZTE,CMCC 7])
· and is achieved with at least 40MHz bandwidth in contribution from 1 source ([LG 10])
· X = 80m and 160m in contribution from ([LG 10])
· and is achieved with at least 100MHz bandwidth in contributions from 4 sources ([Sony 6], [Lenovo 9], [Qualcomm 14], [Intel 15])
· X = 50m in contribution from ([Sony 6])
· X = 50m and 100m in contribution from ([Lenovo 9], [Intel 15])
· X = 100 m in contribution from ([Qualcomm 14])
· The requirement 0.5m@90% (Set B) 
· is achieved with at least 40MHz in contributions from 3 sources ([Huawei 2], [vivo 3], [CEWiT 16])
· X = 50m in contribution from ([Huawei 2])
· X = 25m, 50m, and 100m in contribution from ([vivo 3])
· X = 150m in contribution from ([CEWiT 16]), where RSU deployment is additionally used for performing distance ranging
· and is achieved with at least 100MHz in contributions from 4 sources ([Sony 6], [Huawei 2], [CATT,GOHIGH 5], [ZTE,CMCC 7])
· X = 150m in contribution from ([Huawei 2])
· X = 25m, 100m and 150m in contribution from ([CATT,GOHIGH 5])
· X = 50m in contribution from ([Sony 6])
· X = 100m in contribution from ([ZTE,CMCC 7]
· and is NOT achieved with 100MHz bandwidth in contributions from 3 sources ([Lenovo 9], [Qualcomm 14], [Intel 15])
· X = 50m and 100m in contribution from ([Lenovo 9], [Intel 15])
· X = 100 m in contribution from ([Qualcomm 14])
· For angle accuracy of ranging, the results were provided by 6 sources out of 13 sources. All 6 sources show that both the target requirement set A and set B can be achieved by 20MHz or 40MHz. 
· The requirement 15°@90% (Set A) 
· is achieved with 20MHz bandwidth in contributions from 5 sources ([Huawei 2], [vivo 3] ,[CATT,GOHIGH 5], [Sony 6], [Lenovo 9]),
· and is achieved with 40MHz bandwidth in contribution from 1 source ([ZTE,CMCC 7])
· The requirement 8°@90% (Set B) 
· is achieved with 20MHz in contributions from 3 sources ([Huawei 2], [Sony 6], [Lenovo 9]),
· and is achieved with at least 40MHz in contributions from 3 sources ([vivo 3], [CATT,GOHIGH 5], [ZTE,CMCC 7])
· Note: the above observations can be further updated in next meeting depending on companies’ new/update of simulation results, including editorial modifications, X values, replacing sources by references, additional sources and other revisions. 
· Note: for each SL PRS bandwidth, the above observations are based on the best performance from each source.
· Note: for the relative positioning accuracy or distance accuracy of ranging, X is the maximum distance between UEs for performing relative positioning or ranging.
· Note: a list of the sources that used super resolution in the evaluations will be captured in the observations in next meeting.

Observation:
For V2X use case in Urban grid scenario, 10 sources ([Huawei 2], [vivo 3], [OPPO, 4], [CATT,GOHIGH 5], [Sony 6],  [ZTE,CMCC 7], [xiaomi 8], [Lenovo 9], [Intel 15], [CEWiT 16]) provide simulation results for FR1, and 1 source ([CEWiT 16]) provide simulation results for FR2.
· For absolute horizontal accuracy, the results were provided by 8 out of 13 sources. 5 out of 8 sources show that target requirements set A cannot be achieved, and 7 out of 8 sources show that target requirements set B cannot be achieved.
· The requirement 1.5m@90% (Set A) 
· is achieved with 20MHz in contributions from 2 sources ([Lenovo 9], [CEWiT 16]),
· where SL ToA+AoA technique and optional antenna configuration is used in contribution from ([Lenovo 9])
· and is achieved with at least100MHz in contribution from 1 source ([ZTE,CMCC 7]),
· and is NOT achieved with 100MHz bandwidth in contributions from 5 sources ([Huawei 2], [vivo 3], [OPPO, 4], [CATT,GOHIGH 5], [Intel 15])
· The requirement 0.5m@90% (Set B) 
· is achieved with at least 100MHz in contribution from 1 source ([ZTE,CMCC 7]),
· and is NOT achieved with 100MHz bandwidth in FR1 or 400MHz in FR2 in contributions from 7 sources ([Huawei 2], [vivo 3], [OPPO 4], [CATT,GOHIGH 5], [Lenovo 9], [Intel 15], [CEWiT 16])
· For Relative horizontal accuracy, the results were provided by 5 out of 13 sources. The performance of relative horizontal accuracy is worse than that of distance accuracy of ranging mainly due to additional angle estimation error. All 5 sources show that the target requirement set B is not achieved even by 100MHz. 3 sources show that the target requirement Set A can be achieved by 40MHz or 100MHz in case of X=10m.
· The requirement 1.5m@90% (Set A) 
· is achieved with at least 40MHz bandwidth  in contributions from 1 sources ([vivo 3])
· only for the case of X = 10m and the relative positioning is performed with LOS link only in contribution from ([vivo 3])
· and is achieved with at least100MHz bandwidth  in contributions from 2 sources ([Huawei 2], [CATT,GOHIGH 5])
· X = 10m in contributions from ([Huawei 2], [CATT,GOHIGH 5])
· and is NOT achieved with 100MHz bandwidth in contributions from 5 sources ([vivo 3], [Huawei 2], [CATT,GOHIGH 5], [Sony 6], [CEWiT 16])
· X = 50m in contribution from ([Huawei 2])
· X = 25m in contribution from ([CATT,GOHIGH 5])
· X = 30m in contribution from ([Sony 6])
· X = 10m, 25m, and 50m in contribution from ([vivo 3])
· The requirement 0.5m@90% (Set B) 
· is NOT achieved  with 100MHz bandwidth in FR1 or 400MHz in FR2 in contributions from 5 sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [Sony 6], [CEWiT 16])
· For distance accuracy of ranging, the results were provided by 9 out of 13 sources. Based on the results by a majority of sources, target requirements set A may be achievable by smaller bandwidth, e.g. 20MHz or 40MHz, and set B may be achieved by larger bandwidth, e.g. 100MHz or may even not be achievable.
· The requirement 1.5m@90% (Set A) 
· is achieved with at least 20MHz in contributions from 3 sources ([vivo 3], [CATT,GOHIGH 5],, [CEWiT 16])
· X = 25m in the case when the relative positioning is performed with all links, X = 25m, 50m, and 100m in the case when the relative positioning is performed with LOS link only in contribution from ([vivo 3]) 
· X = 10m and 25m in contribution from ([CATT,GOHIGH 5])
· X = 150m in contribution from ([CEWiT 16]) where RSU deployment is additionally used for performing distance ranging
· and is achieved with at least 40MHz in contributions from 2 sources ([ZTE,CMCC 7], [xiaomi 8])
· X = 20m and 30m in contribution from ([ZTE,CMCC 7])
· X = 20m, 50m and 100m in contribution from ([xiaomi 8])
· and is achieved with at least 100MHz in contributions from 1 source ([Huawei 2])
· X = 10 and 50m in contribution from ([Huawei 2])
· and is NOT achieved with 100MHz bandwidth  in contributions from 4 sources ([vivo 3], [Sony 6], [Lenovo 9], [Intel 15])
· X = 50m and 100m in contribution from ([vivo 3])
· X = 30m in contribution from ([Sony 6])
· X = 50m, 100m in contribution from ([Lenovo 9], [Intel 15])
· The requirement 0.5m@90% (Set B) 
· is achieved with at least 40MHz in contributions from 1 source ([vivo 3])
· X = 25m, 50m, 100m in the case when the relative positioning is performed only with LOS links in contribution from ([vivo 3])
· and is achieved with at least 100MHz in contributions from 3 sources ([Huawei 2], [CATT,GOHIGH 5], [xiaomi 8])
· X = 10m and 50m in contribution from ([Huawei 2])
· X = 10m and 25m in contribution from ([CATT,GOHIGH 5]
· X = 20m, 50m, 100m in contribution from ([xiaomi 8])
· and is NOT achieved with 100MHz bandwidth in FR1 or 400MHz in FR2  in contributions from 6 sources ([vivo 3], [Sony 6], [ZTE,CMCC 7], [Lenovo 9], [Intel 15], [CEWiT 16])
·  where the relative positioning is performed with all links in contribution from ([vivo 3])
· For angle accuracy of ranging, the results were provided by 5 out of 13 sources. 
· The requirement 15°@90% (Set A) 
· is achieved with 20MHz in contribution from 2 sources ([Lenovo 9], [Huawei 2])
· and is achieved with at least 100MHz in contribution from 1 source [CATT,GOHIGH 5]
· and is NOT achieved with 100MHz bandwidth in contributions from 2 sources ([vivo 3], [Sony 6])
· The requirement 8°@90% (Set B) 
· is achieved with 20MHz in contribution from 1 source ([Lenovo 9])
· and is achieved with at least 40MHz in contribution from 1 source ([Huawei 2])
· and is NOT achieved with 100MHz bandwidth in contributions from 3 sources ([vivo 3], [CATT,GOHIGH 5], [Sony 6])
· Note: the above observations can be further updated in next meeting depending on companies’ new/update of simulation results, including editorial modifications, X values, replacing sources by references, additional sources and other revisions. 
· Note: for each SL PRS bandwidth, the above observations are based on the best performance from each source.
· Note: for the relative positioning accuracy or distance accuracy of ranging, X is the maximum distance between UEs for performing relative positioning or ranging.
· Note: a list of the sources that used super resolution in the evaluations will be captured in the observations in next meeting.


Observation:
Simulation results in contributions from 7 sources ([Huawei 2], [vivo 3], [CATT,GOHIGH 5], [ZTE,CMCC 7], [xiaomi 8], [LG 10], [Intel 15]) show that relative horizontal accuracy and/or distance accuracy of ranging performance improves with X value decreasing, where X is the maximum distance between two UEs for performing relative positioning or ranging.   
· In some simulation cases, a target requirement may be achieved in condition of a smaller X value but not be achieved in condition of a larger X value for a certain SL PRS bandwidth. 
· In some simulation cases, a target requirement may be achieved in condition of a smaller X value and a smaller SL PRS bandwidth, but can be achieved in condition of a larger X value and a larger SL PRS bandwidth.
Note: the above observations can be further updated in next meeting depending on companies’ new/update of simulation results, including editorial modifications, X values, replacing sources by references, additional sources and other revisions. 



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.
[bookmark: _Ref115354303]Table 1 Common assumption for all scenarios if they are different from or not specified in Agreements
	Parameter
	

	Carrier frequency
	6 GHz

	Subcarrier spacing
	60 kHz

	Reference Signal Transmission Bandwidth
	20MHz, 40 MHz, 100MHz, 400MHz

	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(MF), 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

	Antenna configuration in FR2
	RSU
Antenna configuration (M, N, P, Mg, Ng)=(1, 4, 2, 1, 4)
Panel bearing angle:
Ω0,1=Ω0,0+90°; Ω0,2=Ω0,0+180°; Ω0,3=Ω0,0+270°;
See Table 6.1.4-5 in TR 37.885 for more details
Antenna element: see Table 6.1.4-4 in TR 37.885
UE
Antenna configuration (M, N, P, Mg, Ng) = (2, 4, 2, 1, 1)
See Table 6.1.4-12 in TR 37.885 for more details
Antenna element: see Table 6.1.4-11C in TR 37.885

	Retransmission
	No retransmission, feedback-based retransmission


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 within X meter 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.
Total 4 sets of simulations were performed depending on the use of MUSIC estimation and feedback-based retransmission. Table 2 shows the case IDs and relevant parameters for the 1st set of SL single-RTT simulations, where neither MUSIC estimation nor feedback-based retransmission is used.
[bookmark: _Ref115373234]Table 2 Assumptions for highway for ranging (SL single-RTT)
	Parameters
	Case 2.1
	Case 2.2
	Case 2.3
	Case 2.4
	Case 2.5
	Case 2.6

	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

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled

	Parameters
	Case 2.7
	Case 2.8
	Case 2.9
	Case 2.10
	Case 2.11
	Case 2.12

	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

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled

	Parameters
	Case 2.13
	Case 2.14
	Case 2.15
	Case 2.16
	Case 2.17
	Case 2.18

	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

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled


Table 3 shows the summary of the performance results of the 1st set of SL single-RTT simulations. 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 80m clearly shows performance improvement over the UE distance within 160m, regardless of BW and comb pattern. Set B requirement is not met with this simulation condition.
[bookmark: _Ref115373742]Table 3 Simulation results for highway for ranging - distance accuracy (s-RTT)
	Case ID & brief description 
	50%
	67%
	80%
	90%
	Set A req.
	Set B req.

	Case 2.1, s-RTT, BW=20MHz, X=80m
	0.49
	0.73
	1.07
	1.68
	No. 88%
	No. 51%

	Case 2.4, s-RTT, BW=20MHz, X=80m
	0.49
	0.72
	1.03
	1.56
	No. 89%
	No. 51%

	Case 2.7, s-RTT, BW=20MHz, X=80m
	0.50
	0.75
	1.06
	1.61
	No. 89%
	No. 50%

	Case 2.10, s-RTT, BW=20MHz, X=160m
	0.52
	0.80
	1.16
	2.03
	No. 86%
	No. 49%

	Case 2.13, s-RTT, BW=20MHz, X=160m
	0.51
	0.76
	1.14
	1.85
	No. 86%
	No. 49%

	Case 2.16, s-RTT, BW=20MHz, X=160m
	0.51
	0.78
	1.14
	1.89
	No. 86%
	No. 49%

	
	
	
	
	
	
	

	Case 2.2, s-RTT, BW=40MHz, X=80m
	0.41
	0.60
	0.81
	1.17
	Yes
	No. 59%

	Case 2.5, s-RTT, BW=40MHz, X=80m
	0.42
	0.59
	0.81
	1.18
	Yes
	No. 59%

	Case 2.8, s-RTT, BW=40MHz, X=80m
	0.43
	0.61
	0.84
	1.17
	Yes
	No. 58%

	Case 2.11, s-RTT, BW=40MHz, X=160m
	0.43
	0.63
	0.90
	1.40
	Yes
	No. 56%

	Case 2.14, s-RTT, BW=40MHz, X=160m
	0.42
	0.61
	0.86
	1.35
	Yes
	No. 58%

	Case 2.17, s-RTT, BW=40MHz, X=160m
	0.44
	0.64
	0.89
	1.43
	Yes
	No. 56%

	
	
	
	
	
	
	

	Case 2.3, s-RTT, BW=100MHz, X=80m
	0.34
	0.45
	0.56
	0.72
	Yes
	No. 73%

	Case 2.6, s-RTT, BW=100MHz, X=80m
	0.33
	0.45
	0.56
	0.71
	Yes
	No. 74%

	Case 2.9, s-RTT, BW=100MHz, X=80m
	0.34
	0.46
	0.57
	0.73
	Yes
	No. 72%

	Case 2.12, s-RTT, BW=100MHz, X=160m
	0.34
	0.46
	0.58
	0.84
	Yes
	No. 72%

	Case 2.15, s-RTT, BW=100MHz, X=160m
	0.33
	0.45
	0.58
	0.81
	Yes
	No. 72%

	Case 2.18, s-RTT, BW=100MHz, X=160m
	0.34
	0.46
	0.58
	0.82
	Yes
	No. 72%


Observation 1: For V2X use cases, SL single-RTT for ranging within 80m with 40MHz BW satisfies Set A distance accuracy requirement when a simple MF estimation is used.
Table 4 shows the case IDs and relevant parameters for the 2nd set of SL single-RTT simulations, where MUSIC estimation is used but feedback-based retransmission is not used.
[bookmark: _Ref118382970]Table 4 Assumptions for highway for ranging (SL single-RTT, MUSIC)
	Parameters
	Case 4.1
	Case 4.2
	Case 4.3
	Case 4.4
	Case 4.5
	Case 4.6

	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
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC

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

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

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled

	Parameters
	Case 4.7
	Case 4.8
	Case 4.9
	Case 4.10
	Case 4.11
	Case 4.12

	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
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC

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

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

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled

	Parameters
	Case 4.13
	Case 4.14
	Case 4.15
	Case 4.16
	Case 4.17
	Case 4.18

	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
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC

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

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

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled


Table 5 shows the summary of the performance results of the 2nd set of SL single-RTT simulations. The simulation results show that Set A requirement can be met with SL PRS BW≥20MHz, if MUSIC estimation is used. The UE distance within 80m clearly shows performance improvement over the UE distance within 160m, regardless of BW. Set B requirement is not met with this simulation condition.
[bookmark: _Ref118383205]Table 5 Simulation results for highway for ranging - distance accuracy (s-RTT, MUSIC)
	Case ID & brief description 
	50%
	67%
	80%
	90%
	Set A req.
	Set B req.

	Case 4.1, s-RTT, BW=20MHz, X=80m
	0.45
	0.65
	0.91
	1.31
	Yes
	No. 54%

	Case 4.4, s-RTT, BW=20MHz, X=80m
	0.56
	0.81
	1.07
	1.44
	Yes
	No. 45%

	Case 4.7, s-RTT, BW=20MHz, X=80m
	0.42
	0.62
	0.85
	1.20
	Yes
	No. 57%

	Case 4.10, s-RTT, BW=20MHz, X=160m
	0.48
	0.72
	1.03
	1.64
	No. 88%
	No. 51%

	Case 4.13, s-RTT, BW=20MHz, X=160m
	0.61
	0.89
	1.23
	1.83
	No. 85%
	No. 42%

	Case 4.16, s-RTT, BW=20MHz, X=160m
	0.46
	0.68
	0.96
	1.51
	No. 89%
	No. 53%

	
	
	
	
	
	
	

	Case 4.2, s-RTT, BW=40MHz, X=80m
	0.39
	0.57
	0.76
	1.07
	Yes
	No. 61%

	Case 4.5, s-RTT, BW=40MHz, X=80m
	0.41
	0.61
	0.79
	1.01
	Yes
	No. 58%

	Case 4.8, s-RTT, BW=40MHz, X=80m
	0.37
	0.53
	0.70
	0.96
	Yes
	No. 63%

	Case 4.11, s-RTT, BW=40MHz, X=160m
	0.42
	0.60
	0.83
	1.25
	Yes
	No. 58%

	Case 4.14, s-RTT, BW=40MHz, X=160m
	0.46
	0.68
	0.89
	1.21
	Yes
	No. 53%

	Case 4.17, s-RTT, BW=40MHz, X=160m
	0.4
	0.58
	0.79
	1.17
	Yes
	No. 60%

	
	
	
	
	
	
	

	Case 4.3, s-RTT, BW=100MHz, X=80m
	0.32
	0.44
	0.55
	0.68
	Yes
	No. 74%

	Case 4.6, s-RTT, BW=100MHz, X=80m
	0.31
	0.43
	0.54
	0.66
	Yes
	No. 76%

	Case 4.9, s-RTT, BW=100MHz, X=80m
	0.32
	0.44
	0.54
	0.67
	Yes
	No. 75%

	Case 4.12, s-RTT, BW=100MHz, X=160m
	0.34
	0.46
	0.58
	0.79
	Yes
	No. 71%

	Case 4.15, s-RTT, BW=100MHz, X=160m
	0.33
	0.46
	0.59
	0.74
	Yes
	No. 71%

	Case 4.18, s-RTT, BW=100MHz, X=160m
	0.33
	0.46
	0.58
	0.78
	Yes
	No. 71%


Observation 2: For V2X use cases, SL single-RTT for ranging within 80m with 20MHz BW satisfies Set A distance accuracy requirement when MUSIC estimation is used.
Table 6 shows the case IDs and relevant parameters for the 3rd set of SL single-RTT simulations, where MUSIC estimation was not used but feedback-based retransmission is used.
[bookmark: _Ref118383679]Table 6 Assumptions for highway for ranging (SL single-RTT, MF + feedback-based retransmission (FB-ReTX))
	Parameters
	Case 6.1
	Case 6.2
	Case 6.3
	Case 6.4
	Case 6.5
	Case 6.6

	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

	FB-ReTx
	enabled
	enabled
	enabled
	enabled
	enabled
	enabled

	Parameters
	Case 6.7
	Case 6.8
	Case 6.9
	Case 6.10
	Case 6.11
	Case 6.12

	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

	FB-ReTx
	enabled
	enabled
	enabled
	enabled
	enabled
	enabled

	Parameters
	Case 6.13
	Case 6.14
	Case 6.15
	Case 6.16
	Case 6.17
	Case 6.18

	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

	FB-ReTx
	enabled
	enabled
	enabled
	enabled
	enabled
	enabled


Table 7 shows the summary of the performance results of the 3rd set of SL single-RTT simulations. The simulation results show that though MUSIC estimation is not used, Set A requirement can be met with SL PRS BW≥20MHz if feedback-based retransmission is used. The UE distance within 80m clearly shows performance improvement over the UE distance within 160m, regardless of BW. Set B requirement is not met with this simulation condition. The feedback-based retransmission helps to reduce the cases where SL PRS is not received at all, or is received with bad quality. 
[bookmark: _Ref118383713]Table 7 Simulation results for highway for ranging - distance accuracy (s-RTT, MF + FB-ReTx)
	Case ID & brief description 
	50%
	67%
	80%
	90%
	Set A req.
	Set B req.

	Case 6.1, s-RTT, BW=20MHz, X=80m
	0.40
	0.58
	0.79
	1.10
	Yes
	No. 59%

	Case 6.4, s-RTT, BW=20MHz, X=80m
	0.42
	0.61
	0.84
	1.24
	Yes
	No. 57%

	Case 6.7, s-RTT, BW=20MHz, X=80m
	0.42
	0.61
	0.83
	1.17
	Yes
	No. 58%

	Case 6.10, s-RTT, BW=20MHz, X=160m
	0.43
	0.62
	0.87
	1.27
	Yes
	No. 56%

	Case 6.13, s-RTT, BW=20MHz, X=160m
	0.44
	0.64
	0.88
	1.28
	Yes
	No. 55%

	Case 6.16, s-RTT, BW=20MHz, X=160m
	0.45
	0.66
	0.91
	1.35
	Yes
	No. 54%

	
	
	
	
	
	
	

	Case 6.2, s-RTT, BW=40MHz, X=80m
	0.36
	0.52
	0.68
	0.93
	Yes
	No. 65%

	Case 6.5, s-RTT, BW=40MHz, X=80m
	0.37
	0.53
	0.70
	0.94
	Yes
	No. 64%

	Case 6.8, s-RTT, BW=40MHz, X=80m
	0.37
	0.53
	0.71
	0.97
	Yes
	No. 63%

	Case 6.11, s-RTT, BW=40MHz, X=160m
	0.39
	0.56
	0.74
	1.06
	Yes
	No. 61%

	Case 6.14, s-RTT, BW=40MHz, X=160m
	0.39
	0.56
	0.75
	1.07
	Yes
	No. 61%

	Case 6.17, s-RTT, BW=40MHz, X=160m
	0.40
	0.58
	0.77
	1.11
	Yes
	No. 60%

	
	
	
	
	
	
	

	Case 6.3, s-RTT, BW=100MHz, X=80m
	0.31
	0.43
	0.53
	0.64
	Yes
	No. 76%

	Case 6.6, s-RTT, BW=100MHz, X=80m
	0.32
	0.44
	0.54
	0.68
	Yes
	No. 74%

	Case 6.9, s-RTT, BW=100MHz, X=80m
	0.32
	0.43
	0.54
	0.65
	Yes
	No. 75%

	Case 6.12, s-RTT, BW=100MHz, X=160m
	0.33
	0.45
	0.55
	0.69
	Yes
	No. 73%

	Case 6.15, s-RTT, BW=100MHz, X=160m
	0.33
	0.45
	0.56
	0.69
	Yes
	No. 73%

	Case 6.18, s-RTT, BW=100MHz, X=160m
	0.33
	0.45
	0.56
	0.71
	Yes
	No. 73%


Observation 3: For V2X use cases, SL single-RTT for ranging within 80m with 20MHz BW satisfies Set A distance accuracy requirement when feedback-based retransmission is used.
Table 8 shows the case IDs and relevant parameters for the 4th set of SL single-RTT simulations, where both MUSIC estimation and feedback-based retransmission are used.
[bookmark: _Ref118384092]Table 8 Assumptions for highway for ranging (SL single-RTT, MUSIC + FB-ReTx)
	Parameters
	Case 8.1
	Case 8.2
	Case 8.3
	Case 8.4
	Case 8.5
	Case 8.6

	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
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC

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

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

	FB-ReTx
	enabled
	enabled
	enabled
	enabled
	enabled
	enabled

	Parameters
	Case 8.7
	Case 8.8
	Case 8.9
	Case 8.10
	Case 8.11
	Case 8.12

	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
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC

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

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

	FB-ReTx
	enabled
	enabled
	enabled
	enabled
	enabled
	enabled

	Parameters
	Case 8.13
	Case 8.14
	Case 8.15
	Case 8.16
	Case 8.17
	Case 8.18

	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
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC

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

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

	FB-ReTx
	enabled
	enabled
	enabled
	enabled
	enabled
	enabled


Table 9 shows the summary of the performance results of the 4th set of SL single-RTT simulations. The simulation results show that Set A requirement can be met with SL PRS BW≥20MHz if both MUSIC estimation and feedback-based retransmission are used. The UE distance within 80m clearly shows performance improvement over the UE distance within 160m, regardless of BW. Set B requirement is not met with this simulation condition. The feedback-based retransmission helps to reduce the cases where SL PRS is not received at all, or is received with bad quality. The feedback-based retransmission still provides some gain even when MUSIC estimation is used.
[bookmark: _Ref118384173]Table 9 Simulation results for highway for ranging - distance accuracy (s-RTT, MUSIC + FB-ReTx)
	Case ID & brief description 
	50%
	67%
	80%
	90%
	Set A req.
	Set B req.

	Case 8.1, s-RTT, BW=20MHz, X=80m
	0.43
	0.63
	0.86
	1.19
	Yes
	No. 56%

	Case 8.4, s-RTT, BW=20MHz, X=80m
	0.53
	0.76
	1.00
	1.33
	Yes
	No. 47%

	Case 8.7, s-RTT, BW=20MHz, X=80m
	0.43
	0.62
	0.84
	1.18
	Yes
	No. 57%

	Case 8.10, s-RTT, BW=20MHz, X=160m
	0.46
	0.67
	0.93
	1.35
	Yes
	No. 53%

	Case 8.13, s-RTT, BW=20MHz, X=160m
	0.57
	0.82
	1.10
	1.52
	No. 89%
	No. 45%

	Case 8.16, s-RTT, BW=20MHz, X=160m
	0.46
	0.67
	0.92
	1.34
	Yes
	No. 53%

	
	
	
	
	
	
	

	Case 8.2, s-RTT, BW=40MHz, X=80m
	0.38
	0.54
	0.71
	0.95
	Yes
	No. 63%

	Case 8.5, s-RTT, BW=40MHz, X=80m
	0.41
	0.60
	0.78
	0.99
	Yes
	No. 58%

	Case 8.8, s-RTT, BW=40MHz, X=80m
	0.37
	0.53
	0.70
	0.94
	Yes
	No. 63%

	Case 8.11, s-RTT, BW=40MHz, X=160m
	0.40
	0.58
	0.77
	1.07
	Yes
	No. 59%

	Case 8.14, s-RTT, BW=40MHz, X=160m
	0.45
	0.66
	0.86
	1.12
	Yes
	No. 54%

	Case 8.17, s-RTT, BW=40MHz, X=160m
	0.40
	0.57
	0.77
	1.06
	Yes
	No. 60%

	
	
	
	
	
	
	

	Case 8.3, s-RTT, BW=100MHz, X=80m
	0.31
	0.43
	0.54
	0.66
	Yes
	No. 75%

	Case 8.6, s-RTT, BW=100MHz, X=80m
	0.31
	0.42
	0.53
	0.65
	Yes
	No. 76%

	Case 8.9, s-RTT, BW=100MHz, X=80m
	0.32
	0.44
	0.54
	0.68
	Yes
	No. 74%

	Case 8.12, s-RTT, BW=100MHz, X=160m
	0.33
	0.45
	0.56
	0.71
	Yes
	No. 73%

	Case 8.15, s-RTT, BW=100MHz, X=160m
	0.32
	0.45
	0.58
	0.72
	Yes
	No. 72%

	Case 8.18, s-RTT, BW=100MHz, X=160m
	0.33
	0.46
	0.57
	0.73
	Yes
	No. 72%


[bookmark: _GoBack]Observation 4: For V2X use cases, SL single-RTT for ranging within 80m with 20MHz BW satisfies Set A distance accuracy requirement when both MUSIC estimation and feedback-based retransmission are used.
Conclusion 1: For V2X use cases, SL single-RTT for ranging within 80m with 20MHz BW satisfies Set A distance accuracy requirement. SL single-RTT for ranging within 80m with 100MHz BW cannot satisfy Set B 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. 
Total 4 sets of simulations were performed depending on the use of MUSIC estimation and feedback-based retransmission. Table 10 shows the case IDs and relevant parameters for the 1st set of SL multi-RTT simulations, where neither MUSIC estimation nor feedback-based retransmission is used.
[bookmark: _Ref115374393]Table 10 Assumptions for highway for absolute positioning (SL multi-RTT)
	Parameters
	Case 10.1
	Case 10.2
	Case 10.3
	Case 10.4
	Case 10.5
	Case 10.6

	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

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled

	Parameters
	Case 10.7
	Case 10.8
	Case 10.9
	Case 10.10
	Case 10.11
	Case 10.12

	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

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled

	Parameters
	Case 10.13
	Case 10.14
	Case 10.15
	Case 10.16
	Case 10.17
	Case 10.18

	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

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled

	Parameters
	Case 10.19
	Case 10.20
	Case 10.21
	Case 10.22
	Case 10.23
	Case 10.24

	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

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled

	Parameters
	Case 10.25
	Case 10.26
	Case 10.27
	Case 10.28
	Case 10.29
	Case 10.30

	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

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled

	Parameters
	Case 10.31
	Case 10.32
	Case 10.33
	Case 10.34
	Case 10.35
	Case 10.36

	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

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled

	Parameters
	Case 10.37
	Case 10.38
	Case 10.39
	Case 10.40
	Case 10.41
	Case 10.42

	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

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled

	Parameters
	Case 10.43
	Case 10.44
	Case 10.45
	Case 10.46
	Case 10.47
	Case 10.48

	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

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled

	Parameters
	Case 10.49
	Case 10.50
	Case 10.51
	Case 10.52
	Case 10.53
	Case 10.54

	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

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled

	Parameters
	Case 10.55
	Case 10.56
	Case 10.57
	Case 10.58
	Case 10.59
	Case 10.60

	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
	6
	6
	6

	SL PRS #symbols
	1
	1
	1
	6
	6
	6

	Estimation method
	MF
	MF
	MF
	MF
	MF
	MF

	RSU deployment
	staggered
	staggered
	staggered
	staggered
	staggered
	staggered

	# anchor nodes
	3
	5
	7
	3
	5
	7

	SL PRS BW (MHz)
	400
	400
	400
	400
	400
	400

	Parameters
	Case 10.61
	Case 10.62
	Case 10.63

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

	SL PRS comb size
	12
	12
	12

	SL PRS #symbols
	12
	12
	12

	Estimation method
	MF
	MF
	MF

	RSU deployment
	staggered
	staggered
	staggered

	# anchor nodes
	3
	5
	7

	SL PRS BW (MHz)
	400
	400
	400

	FB-ReTx
	disabled
	disabled
	disabled


Table 11 shows the summary of the performance results of the 1st set of SL multi-RTT simulations.  The simulation results show that Set A requirement can be met with SL PRS BW=100MHz and Set B requirement can be met with BW=400MHz, when a simple estimation method such as matched filter (MF) is used for TOA measurement. 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 also increase due to e.g. 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.
[bookmark: _Ref115374453]Table 11 Simulation results for highway for absolute positioning - horizontal accuracy (m-RTT)
	Case ID & brief description 
	50%
	67%
	80%
	90%
	Set A req.
	Set B req.

	Case 10.1, m-RTT, BW=20MHz, RSU staggered
	0.74
	1.03
	1.41
	2.21
	No. 82%
	No. 30%

	Case 10.7, m-RTT, BW=20MHz, RSU staggered
	0.73
	1.08
	1.76
	8.36
	No. 77%
	No. 32%

	Case 10.13, m-RTT, BW=20MHz, RSU staggered
	0.92
	1.81
	14.64
	27.03
	No. 64%
	No. 27%

	Case 10.19, m-RTT, BW=20MHz, RSU staggered
	0.74
	1.02
	1.41
	2.16
	No. 82%
	No. 30%

	Case 10.25, m-RTT, BW=20MHz, RSU staggered
	0.72
	1.04
	1.58
	3.23
	No. 79%
	No. 32%

	Case 10.31, m-RTT, BW=20MHz, RSU staggered
	0.84
	1.43
	3.76
	17.12
	No. 68%
	No. 28%

	Case 10.37, m-RTT, BW=20MHz, RSU staggered
	0.75
	1.04
	1.43
	2.17
	No. 82%
	No. 29%

	Case 10.43, m-RTT, BW=20MHz, RSU staggered
	0.72
	1.03
	1.53
	2.86
	No. 80%
	No. 32%

	Case 10.49, m-RTT, BW=20MHz, RSU staggered
	0.83
	1.33
	2.72
	9.81
	No. 70%
	No. 28%

	Case 10.4, m-RTT, BW=20MHz, RSU symmetric
	0.76
	1.04
	1.46
	2.36
	No. 81%
	No. 29%

	Case 10.10, m-RTT, BW=20MHz, RSU symmetric
	0.73
	1.10
	1.84
	7.86
	No. 76%
	No. 32%

	Case 10.16, m-RTT, BW=20MHz, RSU symmetric
	0.93
	1.83
	13.35
	26.10
	No. 64%
	No. 27%

	Case 10.22, m-RTT, BW=20MHz, RSU symmetric
	0.76
	1.04
	1.44
	2.23
	No. 81%
	No. 29%

	Case 10.28, m-RTT, BW=20MHz, RSU symmetric
	0.72
	1.05
	1.58
	3.09
	No. 79%
	No. 33%

	Case 10.34, m-RTT, BW=20MHz, RSU symmetric
	0.84
	1.38
	3.13
	15.62
	No. 69%
	No. 29%

	Case 10.40, m-RTT, BW=20MHz, RSU symmetric
	0.76
	1.05
	1.46
	2.24
	No. 81%
	No. 29%

	Case 10.46, m-RTT, BW=20MHz, RSU symmetric
	0.73
	1.07
	1.60
	2.96
	No. 78%
	No. 32%

	Case 10.52, m-RTT, BW=20MHz, RSU symmetric
	0.85
	1.40
	2.82
	9.59
	No. 69%
	No. 28%

	
	
	
	
	
	
	

	Case 10.2, m-RTT, BW=40MHz, RSU staggered
	0.62
	0.82
	1.11
	1.65
	No. 88%
	No. 38%

	Case 10.8, m-RTT, BW=40MHz, RSU staggered
	0.56
	0.78
	1.13
	2.04
	No. 86%
	No. 44%

	Case 10.14, m-RTT, BW=40MHz, RSU staggered
	0.62
	0.96
	1.81
	15.97
	No. 77%
	No. 40%

	Case 10.20, m-RTT, BW=40MHz, RSU staggered
	0.63
	0.84
	1.12
	1.68
	No. 88%
	No. 37%

	Case 10.26, m-RTT, BW=40MHz, RSU staggered
	0.56
	0.79
	1.15
	2.06
	No. 86%
	No. 43%

	Case 10.32, m-RTT, BW=40MHz, RSU staggered
	0.63
	0.96
	1.72
	8.56
	No. 78%
	No. 39%

	Case 10.38, m-RTT, BW=40MHz, RSU staggered
	0.62
	0.83
	1.12
	1.69
	No. 88%
	No. 38%

	Case 10.44, m-RTT, BW=40MHz, RSU staggered
	0.56
	0.78
	1.12
	1.85
	No. 87%
	No. 44%

	Case 10.50, m-RTT, BW=40MHz, RSU staggered
	0.60
	0.90
	1.43
	3.27
	No. 81%
	No. 41%

	Case 10.5, m-RTT, BW=40MHz, RSU symmetric
	0.63
	0.85
	1.14
	1.73
	No. 88%
	No. 37%

	Case 10.11, m-RTT, BW=40MHz, RSU symmetric
	0.57
	0.81
	1.21
	2.24
	No. 85%
	No. 43%

	Case 10.17, m-RTT, BW=40MHz, RSU symmetric
	0.64
	1.02
	2.01
	16.39
	No. 76%
	No. 39%

	Case 10.23, m-RTT, BW=40MHz, RSU symmetric
	0.63
	0.85
	1.15
	1.79
	No. 87%
	No. 37%

	Case 10.29, m-RTT, BW=40MHz, RSU symmetric
	0.57
	0.80
	1.18
	2.10
	No. 85%
	No. 43%

	Case 10.35, m-RTT, BW=40MHz, RSU symmetric
	0.62
	0.95
	1.65
	5.72
	No. 78%
	No. 40%

	Case 10.41, m-RTT, BW=40MHz, RSU symmetric
	0.63
	0.85
	1.15
	1.76
	No. 87%
	No. 37%

	Case 10.47, m-RTT, BW=40MHz, RSU symmetric
	0.57
	0.80
	1.17
	1.97
	No. 86%
	No. 43%

	Case 10.53, m-RTT, BW=40MHz, RSU symmetric
	0.62
	0.94
	1.51
	3.38
	No. 80%
	No. 40%

	
	
	
	
	
	
	

	Case 10.3, m-RTT, BW=100MHz, RSU staggered
	0.47
	0.61
	0.77
	1.07
	Yes
	No. 54%

	Case 10.9, m-RTT, BW=100MHz, RSU staggered
	0.40
	0.52
	0.69
	1.09
	Yes
	No. 64%

	Case 10.15, m-RTT, BW=100MHz, RSU staggered
	0.40
	0.56
	0.81
	1.50
	Yes
	No. 62%

	Case 10.21, m-RTT, BW=100MHz, RSU staggered
	0.48
	0.62
	0.77
	1.06
	Yes
	No. 53%

	Case 10.27, m-RTT, BW=100MHz, RSU staggered
	0.40
	0.53
	0.69
	1.07
	Yes
	No. 64%

	Case 10.33, m-RTT, BW=100MHz, RSU staggered
	0.40
	0.55
	0.78
	1.34
	Yes
	No. 62%

	Case 10.39, m-RTT, BW=100MHz, RSU staggered
	0.49
	0.64
	0.81
	1.13
	Yes
	No. 51%

	Case 10.45, m-RTT, BW=100MHz, RSU staggered
	0.42
	0.56
	0.74
	1.14
	Yes
	No. 60%

	Case 10.51, m-RTT, BW=100MHz, RSU staggered
	0.42
	0.58
	0.83
	1.37
	Yes
	No. 59%

	Case 10.6, m-RTT, BW=100MHz, RSU symmetric
	0.48
	0.62
	0.79
	1.08
	Yes
	No. 52%

	Case 10.12, m-RTT, BW=100MHz, RSU symmetric
	0.40
	0.54
	0.73
	1.16
	Yes
	No. 63%

	Case 10.18, m-RTT, BW=100MHz, RSU symmetric
	0.40
	0.58
	0.85
	1.58
	No. 84%
	No. 60%

	Case 10.24, m-RTT, BW=100MHz, RSU symmetric
	0.48
	0.63
	0.79
	1.09
	Yes
	No. 52%

	Case 10.30, m-RTT, BW=100MHz, RSU symmetric
	0.40
	0.54
	0.73
	1.16
	Yes
	No. 63%

	Case 10.36, m-RTT, BW=100MHz, RSU symmetric
	0.40
	0.57
	0.83
	1.46
	Yes
	No. 61%

	Case 10.42, m-RTT, BW=100MHz, RSU symmetric
	0.47
	0.61
	0.77
	1.07
	Yes
	No. 53%

	Case 10.48, m-RTT, BW=100MHz, RSU symmetric
	0.40
	0.53
	0.72
	1.13
	Yes
	No. 64%

	Case 10.54, m-RTT, BW=100MHz, RSU symmetric
	0.40
	0.57
	0.83
	1.48
	Yes
	No. 61%

	
	
	
	
	
	
	

	Case 10.55, m-RTT, BW=400MHz, #anchor=3
	0.22
	0.27
	0.33
	0.39
	Yes
	Yes

	Case 10.56, m-RTT, BW=400MHz, #anchor=5
	0.16
	0.21
	0.25
	0.31
	Yes
	Yes

	Case 10.57, m-RTT, BW=400MHz, #anchor=7
	0.14
	0.18
	0.22
	0.28
	Yes
	Yes

	Case 10.58, m-RTT, BW=400MHz, #anchor=3
	0.22
	0.27
	0.32
	0.38
	Yes
	Yes

	Case 10.59, m-RTT, BW=400MHz, #anchor=5
	0.16
	0.21
	0.26
	0.30
	Yes
	Yes

	Case 10.60, m-RTT, BW=400MHz, #anchor=7
	0.14
	0.18
	0.23
	0.28
	Yes
	Yes

	Case 10.61, m-RTT, BW=400MHz, #anchor=3
	0.21
	0.27
	0.32
	0.38
	Yes
	Yes

	Case 10.62, m-RTT, BW=400MHz, #anchor=5
	0.16
	0.21
	0.25
	0.30
	Yes
	Yes

	Case 10.63, m-RTT, BW=400MHz, #anchor=7
	0.14
	0.18
	0.22
	0.28
	Yes
	Yes


Observation 5: For V2X use cases, SL multi-RTT for absolute positioning with 100MHz BW and 400MHz satisfies the Set A and Set B horizontal accuracy requirement respectively when a simple MF estimation is used.
Table 12 shows the case IDs and relevant parameters for the 2nd set of SL multi-RTT simulations, where MUSIC estimation is used but feedback-based retransmission is not used.
[bookmark: _Ref118385369]Table 12 Assumptions for highway for absolute positioning (SL multi-RTT, MUSIC)
	Parameters
	Case 12.1
	Case 12.2
	Case 12.3
	Case 12.4
	Case 12.5
	Case 12.6

	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
	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
	100
	400
	40
	100
	400

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled

	Parameters
	Case 12.7
	Case 12.8
	Case 12.9
	Case 12.10
	Case 12.11
	Case 12.12

	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
	6
	6
	6

	SL PRS #symbols
	1
	1
	1
	6
	6
	6

	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
	100
	400
	40
	100
	400

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled

	Parameters
	Case 12.13
	Case 12.14
	Case 12.15
	Case 12.16
	Case 12.17
	Case 12.18

	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
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC

	RSU deployment
	staggered
	staggered
	staggered
	staggered
	staggered
	staggered

	# anchor nodes
	5
	5
	5
	7
	7
	7

	SL PRS BW (MHz)
	40
	100
	400
	40
	100
	400

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled

	Parameters
	Case 12.19
	Case 12.20
	Case 12.21
	Case 12.22
	Case 12.23
	Case 12.24

	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
	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
	100
	400
	40
	100
	400

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled

	Parameters
	Case 12.25
	Case 12.26
	Case 12.27

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

	SL PRS comb size
	12
	12
	12

	SL PRS #symbols
	12
	12
	12

	Estimation method
	MUSIC
	MUSIC
	MUSIC

	RSU deployment
	staggered
	staggered
	staggered

	# anchor nodes
	7
	7
	7

	SL PRS BW (MHz)
	40
	100
	400


Table 13 shows the summary of the performance results of the 2nd set of SL multi-RTT simulations. The simulation results show that Set A requirement can be met with SL PRS BW=40MHz and Set B requirement can be met with BW=400MHz, if MUSIC estimation is used.
[bookmark: _Ref118385449]Table 13 Simulation results for highway for absolute positioning - horizontal accuracy (m-RTT, MUSIC)
	Case ID & brief description 
	50%
	67%
	80%
	90%
	Set A req.
	Set B req.

	Case 12.1, m-RTT, BW=40MHz, #anchor=3
	0.53
	0.70
	0.88
	1.16
	Yes
	No. 46%

	Case 12.4, m-RTT, BW=40MHz, #anchor=5
	0.43
	0.58
	0.75
	1.02
	Yes
	No. 58%

	Case 12.7, m-RTT, BW=40MHz, #anchor=7
	0.44
	0.59
	0.81
	1.40
	Yes
	No. 57%

	Case 12.10, m-RTT, BW=40MHz, #anchor=3
	0.52
	0.68
	0.86
	1.12
	Yes
	No. 47%

	Case 12.13, m-RTT, BW=40MHz, #anchor=5
	0.43
	0.56
	0.72
	0.99
	Yes
	No. 60%

	Case 12.16, m-RTT, BW=40MHz, #anchor=7
	0.42
	0.58
	0.78
	1.30
	Yes
	No. 58%

	Case 12.19, m-RTT, BW=40MHz, #anchor=3
	0.52
	0.67
	0.84
	1.11
	Yes
	No. 47%

	Case 12.22, m-RTT, BW=40MHz, #anchor=5
	0.43
	0.55
	0.71
	0.94
	Yes
	No. 60%

	Case 12.25, m-RTT, BW=40MHz, #anchor=7
	0.42
	0.56
	0.73
	1.08
	Yes
	No. 61%

	
	
	
	
	
	
	

	Case 12.2, m-RTT, BW=100MHz, #anchor=3
	0.44
	0.56
	0.68
	0.85
	Yes
	No. 58%

	Case 12.5, m-RTT, BW=100MHz, #anchor=5
	0.36
	0.45
	0.55
	0.70
	Yes
	No. 73%

	Case 12.8, m-RTT, BW=100MHz, #anchor=7
	0.34
	0.44
	0.56
	0.73
	Yes
	No. 74%

	Case 12.11, m-RTT, BW=100MHz, #anchor=3
	0.44
	0.56
	0.68
	0.84
	Yes
	No. 59%

	Case 12.14, m-RTT, BW=100MHz, #anchor=5
	0.36
	0.45
	0.54
	0.69
	Yes
	No. 75%

	Case 12.17, m-RTT, BW=100MHz, #anchor=7
	0.34
	0.44
	0.55
	0.74
	Yes
	No. 74%

	Case 12.20, m-RTT, BW=100MHz, #anchor=3
	0.43
	0.55
	0.67
	0.82
	Yes
	No. 60%

	Case 12.23, m-RTT, BW=100MHz, #anchor=5
	0.35
	0.44
	0.53
	0.67
	Yes
	No. 75%

	Case 12.26, m-RTT, BW=100MHz, #anchor=7
	0.33
	0.42
	0.53
	0.69
	Yes
	No. 76%

	
	
	
	
	
	
	

	Case 12.3, m-RTT, BW=400MHz, #anchor=3
	0.22
	0.27
	0.33
	0.39
	Yes
	Yes

	Case 12.6, m-RTT, BW=400MHz, #anchor=5
	0.16
	0.21
	0.25
	0.31
	Yes
	Yes

	Case 12.9, m-RTT, BW=400MHz, #anchor=7
	0.14
	0.18
	0.23
	0.28
	Yes
	Yes

	Case 12.12, m-RTT, BW=400MHz, #anchor=3
	0.22
	0.27
	0.32
	0.38
	Yes
	Yes

	Case 12.15, m-RTT, BW=400MHz, #anchor=5
	0.16
	0.21
	0.26
	0.30
	Yes
	Yes

	Case 12.18, m-RTT, BW=400MHz, #anchor=7
	0.14
	0.18
	0.23
	0.28
	Yes
	Yes

	Case 12.21, m-RTT, BW=400MHz, #anchor=3
	0.22
	0.27
	0.32
	0.38
	Yes
	Yes

	Case 12.24, m-RTT, BW=400MHz, #anchor=5
	0.16
	0.21
	0.25
	0.30
	Yes
	Yes

	Case 12.27, m-RTT, BW=400MHz, #anchor=7
	0.14
	0.18
	0.22
	0.28
	Yes
	Yes


Observation 6: For V2X use cases, SL multi-RTT for absolute positioning with 40MHz BW and 400MHz satisfies the Set A and Set B horizontal accuracy requirement respectively when MUSIC estimation is used.
Table 14 shows the case IDs and relevant parameters for the 3rd set of SL multi-RTT simulations, where MUSIC estimation was not used but feedback-based retransmission is used.
[bookmark: _Ref118385907]Table 14 Assumptions for highway for absolute positioning (SL multi-RTT, MF+FB-ReTx)
	Parameters
	Case 14.1
	Case 14.2
	Case 14.3
	Case 14.4
	Case 14.5
	Case 14.6

	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
	staggered
	staggered
	staggered

	# anchor nodes
	3
	3
	3
	5
	5
	5

	SL PRS BW (MHz)
	40
	100
	400
	40
	100
	400

	FB-ReTx
	enabled
	enabled
	enabled
	enabled
	enabled
	enabled

	Parameters
	Case 14.7
	Case 14.8
	Case 14.9
	Case 14.10
	Case 14.11
	Case 14.12

	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
	6
	6
	6

	SL PRS #symbols
	1
	1
	1
	6
	6
	6

	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
	100
	400
	40
	100
	400

	FB-ReTx
	enabled
	enabled
	enabled
	enabled
	enabled
	enabled

	Parameters
	Case 14.13
	Case 14.14
	Case 14.15
	Case 14.16
	Case 14.17
	Case 14.18

	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
	staggered
	staggered
	staggered

	# anchor nodes
	5
	5
	5
	7
	7
	7

	SL PRS BW (MHz)
	40
	100
	400
	40
	100
	400

	FB-ReTx
	enabled
	enabled
	enabled
	enabled
	enabled
	enabled

	Parameters
	Case 14.19
	Case 14.20
	Case 14.21
	Case 14.22
	Case 14.23
	Case 14.24

	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
	staggered
	staggered
	staggered

	# anchor nodes
	3
	3
	3
	5
	5
	5

	SL PRS BW (MHz)
	40
	100
	400
	40
	100
	400

	FB-ReTx
	enabled
	enabled
	enabled
	enabled
	enabled
	enabled

	Parameters
	Case 14.25
	Case 14.26
	Case 14.27
	
	
	

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

	SL PRS comb size
	12
	12
	12
	
	
	

	SL PRS #symbols
	12
	12
	12
	
	
	

	Estimation method
	MF
	MF
	MF
	
	
	

	RSU deployment
	staggered
	staggered
	staggered
	
	
	

	# anchor nodes
	7
	7
	7
	
	
	

	SL PRS BW (MHz)
	40
	100
	400
	
	
	

	FB-ReTx
	enabled
	enabled
	enabled
	
	
	


Table 15 shows the summary of the performance results of the 3rd set of SL multi-RTT simulations. The simulation results show that Set A requirement can be met with SL PRS BW=40MHz and Set B requirement can be met with BW=400MHz, if feedback-based retransmission is used without MUSIC estimation.
[bookmark: _Ref118385978]Table 15 Simulation results for highway for absolute positioning - horizontal accuracy (m-RTT, MF+FB-ReTx)
	Case ID & brief description 
	50%
	67%
	80%
	90%
	Set A req.
	Set B req.

	Case 14.1, m-RTT, BW=40MHz, #anchor=3
	0.58
	0.77
	1.00
	1.45
	Yes
	No. 40%

	Case 14.3, m-RTT, BW=40MHz, #anchor=5
	0.50
	0.68
	0.91
	1.37
	Yes
	No. 49%

	Case 14.7, m-RTT, BW=40MHz, #anchor=7
	0.50
	0.69
	0.95
	1.42
	Yes
	No. 50%

	Case 14.10, m-RTT, BW=40MHz, #anchor=3
	0.57
	0.75
	0.98
	1.38
	Yes
	No. 42%

	Case 14.13, m-RTT, BW=40MHz, #anchor=5
	0.49
	0.66
	0.89
	1.32
	Yes
	No. 51%

	Case 14.16, m-RTT, BW=40MHz, #anchor=7
	0.49
	0.67
	0.91
	1.33
	Yes
	No. 51%

	Case 14.19, m-RTT, BW=40MHz, #anchor=3
	0.57
	0.75
	0.97
	1.39
	Yes
	No. 41%

	Case 14.22, m-RTT, BW=40MHz, #anchor=5
	0.49
	0.67
	0.87
	1.28
	Yes
	No. 50%

	Case 14.25, m-RTT, BW=40MHz, #anchor=7
	0.49
	0.66
	0.88
	1.34
	Yes
	No. 51%

	
	
	
	
	
	
	

	Case 14.2, m-RTT, BW=100MHz, #anchor=3
	0.47
	0.60
	0.74
	0.98
	Yes
	No. 54%

	Case 14.5, m-RTT, BW=100MHz, #anchor=5
	0.39
	0.50
	0.65
	0.93
	Yes
	No. 66%

	Case 14.8, m-RTT, BW=100MHz, #anchor=7
	0.37
	0.50
	0.67
	0.98
	Yes
	No. 67%

	Case 14.11, m-RTT, BW=100MHz, #anchor=3
	0.47
	0.60
	0.74
	0.99
	Yes
	No. 54%

	Case 14.14, m-RTT, BW=100MHz, #anchor=5
	0.39
	0.50
	0.64
	0.92
	Yes
	No. 66%

	Case 14.17, m-RTT, BW=100MHz, #anchor=7
	0.37
	0.49
	0.64
	0.96
	Yes
	No. 67%

	Case 14.20, m-RTT, BW=100MHz, #anchor=3
	0.47
	0.60
	0.74
	0.99
	Yes
	No. 53%

	Case 14.23, m-RTT, BW=100MHz, #anchor=5
	0.39
	0.51
	0.64
	0.93
	Yes
	No. 66%

	Case 14.26, m-RTT, BW=100MHz, #anchor=7
	0.37
	0.50
	0.66
	0.98
	Yes
	No. 67%

	
	
	
	
	
	
	

	Case 14.3, m-RTT, BW=400MHz, #anchor=3
	0.22
	0.27
	0.33
	0.40
	Yes
	Yes

	Case 14.6, m-RTT, BW=400MHz, #anchor=5
	0.16
	0.21
	0.26
	0.31
	Yes
	Yes

	Case 14.9, m-RTT, BW=400MHz, #anchor=7
	0.14
	0.18
	0.23
	0.29
	Yes
	Yes

	Case 14.12, m-RTT, BW=400MHz, #anchor=3
	0.22
	0.27
	0.32
	0.38
	Yes
	Yes

	Case 14.15, m-RTT, BW=400MHz, #anchor=5
	0.16
	0.21
	0.26
	0.30
	Yes
	Yes

	Case 14.18, m-RTT, BW=400MHz, #anchor=7
	0.14
	0.18
	0.22
	0.28
	Yes
	Yes

	Case 14.21, m-RTT, BW=400MHz, #anchor=3
	0.22
	0.28
	0.33
	0.38
	Yes
	Yes

	Case 14.24, m-RTT, BW=400MHz, #anchor=5
	0.17
	0.22
	0.26
	0.30
	Yes
	Yes

	Case 14.27, m-RTT, BW=400MHz, #anchor=7
	0.14
	0.18
	0.24
	0.28
	Yes
	Yes


Observation 7: For V2X use cases, SL multi-RTT for absolute positioning with 40MHz BW and 400MHz satisfies the Set A and Set B horizontal accuracy requirement respectively when feedback-based retransmission is used.
Table 16 shows the case IDs and relevant parameters for the 4th set of SL multi-RTT simulations, where both MUSIC estimation and feedback-based retransmission are used.
[bookmark: _Ref118386079]Table 16 Assumptions for highway for absolute positioning (SL multi-RTT, MUSIC+FB-ReTx)
	Parameters
	Case 16.1
	Case 16.2
	Case 16.3
	Case 16.4
	Case 16.5
	Case 16.6

	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
	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
	100
	400
	40
	100
	400

	FB-ReTx
	enabled
	enabled
	enabled
	enabled
	enabled
	enabled

	Parameters
	Case 16.7
	Case 16.8
	Case 16.9
	Case 16.10
	Case 16.11
	Case 16.12

	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
	6
	6
	6

	SL PRS #symbols
	1
	1
	1
	6
	6
	6

	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
	100
	400
	40
	100
	400

	FB-ReTx
	enabled
	enabled
	enabled
	enabled
	enabled
	enabled

	Parameters
	Case 16.13
	Case 16.14
	Case 16.15
	Case 16.16
	Case 16.17
	Case 16.18

	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
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC

	RSU deployment
	staggered
	staggered
	staggered
	staggered
	staggered
	staggered

	# anchor nodes
	5
	5
	5
	7
	7
	7

	SL PRS BW (MHz)
	40
	100
	400
	40
	100
	400

	FB-ReTx
	enabled
	enabled
	enabled
	enabled
	enabled
	enabled

	Parameters
	Case 16.19
	Case 16.20
	Case 16.21
	Case 16.22
	Case 16.23
	Case 16.24

	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
	staggered
	staggered
	staggered

	# anchor nodes
	3
	3
	3
	5
	5
	5

	SL PRS BW (MHz)
	40
	100
	400
	40
	100
	400

	FB-ReTx
	enabled
	enabled
	enabled
	enabled
	enabled
	enabled

	Parameters
	Case 16.25
	Case 16.26
	Case 16.27

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

	SL PRS comb size
	12
	12
	12

	SL PRS #symbols
	12
	12
	12

	Estimation method
	MUSIC
	MUSIC
	MUSIC

	RSU deployment
	staggered
	staggered
	staggered

	# anchor nodes
	7
	7
	7

	SL PRS BW (MHz)
	40
	100
	400

	FB-ReTx
	enabled
	enabled
	enabled


Table 17 shows the summary of the performance results of the 4th set of SL multi-RTT simulations. The simulation results show that Set A requirement can be met with SL PRS BW=40MHz and Set B requirement can be met with BW=400MHz, if both MUSIC estimation and feedback-based retransmission are used.
[bookmark: _Ref118386206]Table 17 Simulation results for highway for absolute positioning - horizontal accuracy (m-RTT, MUSIC+FB-ReTx)
	Case ID & brief description 
	50%
	67%
	80%
	90%
	Set A req.
	Set B req.

	Case 16.1, m-RTT, BW=40MHz, #anchor=3
	0.52
	0.68
	0.84
	1.07
	Yes
	No. 47%

	Case 16.3, m-RTT, BW=40MHz, #anchor=5
	0.42
	0.54
	0.68
	0.87
	Yes
	No. 61%

	Case 16.7, m-RTT, BW=40MHz, #anchor=7
	0.39
	0.52
	0.67
	0.88
	Yes
	No. 64%

	Case 16.10, m-RTT, BW=40MHz, #anchor=3
	0.51
	0.65
	0.82
	1.06
	Yes
	No. 49%

	Case 16.13, m-RTT, BW=40MHz, #anchor=5
	0.41
	0.53
	0.66
	0.86
	Yes
	No. 63%

	Case 16.16, m-RTT, BW=40MHz, #anchor=7
	0.39
	0.51
	0.66
	0.87
	Yes
	No. 66%

	Case 16.19, m-RTT, BW=40MHz, #anchor=3
	0.50
	0.65
	0.81
	1.04
	Yes
	No. 50%

	Case 16.22, m-RTT, BW=40MHz, #anchor=5
	0.40
	0.52
	0.65
	0.82
	Yes
	No. 64%

	Case 16.25, m-RTT, BW=40MHz, #anchor=7
	0.38
	0.50
	0.65
	0.83
	Yes
	No. 66%

	
	
	
	
	
	
	

	Case 16.2, m-RTT, BW=100MHz, #anchor=3
	0.44
	0.56
	0.67
	0.82
	Yes
	No. 59%

	Case 16.5, m-RTT, BW=100MHz, #anchor=5
	0.34
	0.43
	0.53
	0.65
	Yes
	No. 76%

	Case 16.8, m-RTT, BW=100MHz, #anchor=7
	0.32
	0.41
	0.51
	0.64
	Yes
	No. 79%

	Case 16.11, m-RTT, BW=100MHz, #anchor=3
	0.43
	0.55
	0.67
	0.83
	Yes
	No. 60%

	Case 16.14, m-RTT, BW=100MHz, #anchor=5
	0.34
	0.44
	0.53
	0.65
	Yes
	No. 76%

	Case 16.17, m-RTT, BW=100MHz, #anchor=7
	0.32
	0.41
	0.51
	0.64
	Yes
	No. 78%

	Case 16.20, m-RTT, BW=100MHz, #anchor=3
	0.43
	0.54
	0.66
	0.80
	Yes
	No. 61%

	Case 16.23, m-RTT, BW=100MHz, #anchor=5
	0.34
	0.43
	0.52
	0.64
	Yes
	No. 78%

	Case 16.26, m-RTT, BW=100MHz, #anchor=7
	0.31
	0.40
	0.50
	0.64
	Yes
	No. 79%

	
	
	
	
	
	
	

	Case 16.3, m-RTT, BW=400MHz, #anchor=3
	0.22
	0.28
	0.33
	0.40
	Yes
	Yes

	Case 16.6, m-RTT, BW=400MHz, #anchor=5
	0.16
	0.21
	0.26
	0.31
	Yes
	Yes

	Case 16.9, m-RTT, BW=400MHz, #anchor=7
	0.14
	0.18
	0.23
	0.29
	Yes
	Yes

	Case 16.12, m-RTT, BW=400MHz, #anchor=3
	0.22
	0.27
	0.32
	0.38
	Yes
	Yes

	Case 16.15, m-RTT, BW=400MHz, #anchor=5
	0.16
	0.21
	0.26
	0.30
	Yes
	Yes

	Case 16.18, m-RTT, BW=400MHz, #anchor=7
	0.14
	0.18
	0.22
	0.28
	Yes
	Yes

	Case 16.21, m-RTT, BW=400MHz, #anchor=3
	0.22
	0.28
	0.33
	0.37
	Yes
	Yes

	Case 16.24, m-RTT, BW=400MHz, #anchor=5
	0.17
	0.22
	0.26
	0.30
	Yes
	Yes

	Case 16.27, m-RTT, BW=400MHz, #anchor=7
	0.14
	0.18
	0.24
	0.28
	Yes
	Yes


Observation 8: For V2X use cases, SL multi-RTT for absolute positioning with 40MHz BW and 400MHz satisfies the Set A and Set B horizontal accuracy requirement respectively when both MUSIC estimation and feedback-based retransmission are used.
Conclusion 2: For V2X use cases, SL multi-RTT for ranging with 40MHz BW satisfies Set A distance accuracy requirement, and SL multi-RTT for ranging with 400MHz BW satisfies Set B distance accuracy requirement.
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. 
Total 4 sets of simulations were performed depending on the use of MUSIC estimation and feedback-based retransmission. Table 18 shows the case IDs and relevant parameters for the 1st set of SL TDOA simulations, where neither MUSIC estimation nor feedback-based retransmission is used.
[bookmark: _Ref115375363]Table 18 Assumptions for highway for absolute positioning (SL TDOA)
	Parameters
	Case 18.1
	Case 18.2
	Case 18.3
	Case 18.4
	Case 18.5
	Case 18.6

	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

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled

	Parameters
	Case 18.7
	Case 18.8
	Case 18.9
	Case 18.10
	Case 18.11
	Case 18.12

	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

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled

	Parameters
	Case 18.13
	Case 18.14
	Case 18.15
	Case 18.16
	Case 18.17
	Case 18.18

	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

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled

	Parameters
	Case 18.19
	Case 18.20
	Case 18.21
	Case 18.22
	Case 18.23
	Case 18.24

	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

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled

	Parameters
	Case 18.25
	Case 18.26
	Case 18.27
	Case 18.28
	Case 18.29
	Case 18.30

	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

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled

	Parameters
	Case 18.31
	Case 18.32
	Case 18.33
	Case 18.34
	Case 18.35
	Case 18.36

	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

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled

	Parameters
	Case 18.37
	Case 18.38
	Case 18.39
	Case 18.40
	Case 18.41
	Case 18.42

	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

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled

	Parameters
	Case 18.43
	Case 18.44
	Case 18.45
	Case 18.46
	Case 18.47
	Case 18.48

	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

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled

	Parameters
	Case 18.49
	Case 18.50
	Case 18.51
	Case 18.52
	Case 18.53
	Case 18.54

	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

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled

	Parameters
	Case 18.55
	Case 18.56
	Case 18.57
	Case 18.58
	Case 18.59
	Case 18.60

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

	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

	RSU deployment
	staggered
	staggered
	staggered
	staggered
	staggered
	staggered

	# anchor nodes
	3
	5
	7
	3
	5
	7

	SL PRS BW (MHz)
	400
	400
	400
	400
	400
	400

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled

	Parameters
	Case 18.61
	Case 18.62
	Case 18.63

	Positioning method
	SL TDOA
	SL TDOA
	SL TDOA

	SL PRS comb size
	12
	12
	12

	SL PRS #symbols
	12
	12
	12

	Estimation method
	MF
	MF
	MF

	RSU deployment
	staggered
	staggered
	staggered

	# anchor nodes
	3
	5
	7

	SL PRS BW (MHz)
	400
	400
	400

	FB-ReTx
	disabled
	disabled
	disabled

	FB-ReTx
	disabled
	disabled
	disabled


Table 19 shows the summary of the performance results of the 1st set of SL TDOA simulations. The simulation results show that Set A requirement is met with SL PRS BW=100MHz and Set B requirement can be met with SL PRS BW=400MHz, when a simple estimation method such as matched filter (MF) is used for TOA measurement. 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: _Ref118387151]Table 19 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 18.1, SL-TDOA, BW=20MHz, RSU staggered
	0.91
	1.29
	1.82
	2.84
	No. 73%
	No. 23%

	Case 18.7, SL-TDOA, BW=20MHz, RSU staggered
	0.84
	1.19
	1.68
	2.62
	No. 76%
	No. 26%

	Case 18.13, SL-TDOA, BW=20MHz, RSU staggered
	0.79
	1.12
	1.60
	2.64
	No. 78%
	No. 29%

	Case 18.19, SL-TDOA, BW=20MHz, RSU staggered
	0.92
	1.30
	1.83
	2.86
	No. 73%
	No. 22%

	Case 18.25, SL-TDOA, BW=20MHz, RSU staggered
	0.85
	1.20
	1.69
	2.71
	No. 76%
	No. 25%

	Case 18.31, SL-TDOA, BW=20MHz, RSU staggered
	0.80
	1.14
	1.62
	2.63
	No. 78%
	No. 28%

	Case 18.37, SL-TDOA, BW=20MHz, RSU staggered
	0.93
	1.32
	1.88
	2.96
	No. 72%
	No. 22%

	Case 18.43, SL-TDOA, BW=20MHz, RSU staggered
	0.84
	1.21
	1.71
	2.67
	No. 76%
	No. 26%

	Case 18.49, SL-TDOA, BW=20MHz, RSU staggered
	0.79
	1.13
	1.60
	2.48
	No. 78%
	No. 28%

	Case 18.4, SL-TDOA, BW=20MHz, RSU symmetric
	0.95
	1.36
	1.95
	3.14
	No. 71%
	No. 22%

	Case 18.10, SL-TDOA, BW=20MHz, RSU symmetric
	0.78
	1.14
	1.67
	2.76
	No. 77%
	No. 29%

	Case 18.16, SL-TDOA, BW=20MHz, RSU symmetric
	0.73
	1.04
	1.47
	2.33
	No. 81%
	No. 31%

	Case 18.22, SL-TDOA, BW=20MHz, RSU symmetric
	0.95
	1.36
	1.95
	3.15
	No. 71%
	No. 22%

	Case 18.28, SL-TDOA, BW=20MHz, RSU symmetric
	0.79
	1.13
	1.64
	2.65
	No. 77%
	No. 29%

	Case 18.34, SL-TDOA, BW=20MHz, RSU symmetric
	0.74
	1.04
	1.46
	2.23
	No. 81%
	No. 31%

	Case 18.40, SL-TDOA, BW=20MHz, RSU symmetric
	0.95
	1.37
	1.98
	3.20
	No. 71%
	No. 21%

	Case 18.46, SL-TDOA, BW=20MHz, RSU symmetric
	0.80
	1.16
	1.70
	2.79
	No. 76%
	No. 28%

	Case 18.52, SL-TDOA, BW=20MHz, RSU symmetric
	0.76
	1.08
	1.54
	2.41
	No. 79%
	No. 29%

	
	
	
	
	
	
	

	Case 18.2, SL-TDOA, BW=40MHz, RSU staggered
	0.76
	1.06
	1.47
	2.26
	No. 81%
	No. 29%

	Case 18.8, SL-TDOA, BW=40MHz, RSU staggered
	0.67
	0.93
	1.29
	1.99
	No. 84%
	No. 34%

	Case 18.14, SL-TDOA, BW=40MHz, RSU staggered
	0.63
	0.88
	1.22
	1.97
	No. 85%
	No. 38%

	Case 18.20 SL-TDOA, BW=40MHz, RSU staggered
	0.76
	1.06
	1.49
	2.29
	No. 80%
	No. 29%

	Case 18.26, SL-TDOA, BW=40MHz, RSU staggered
	0.68
	0.95
	1.31
	2.08
	No. 84%
	No. 34%

	Case 18.32, SL-TDOA, BW=40MHz, RSU staggered
	0.63
	0.88
	1.23
	1.92
	No. 85%
	No. 38%

	Case 18.38, SL-TDOA, BW=40MHz, RSU staggered
	0.76
	1.05
	1.47
	2.30
	No. 81%
	No. 29%

	Case 18.44, SL-TDOA, BW=40MHz, RSU staggered
	0.69
	0.95
	1.31
	2.06
	No. 84%
	No. 33%

	Case 18.50, SL-TDOA, BW=40MHz, RSU staggered
	0.63
	0.88
	1.23
	1.92
	No. 85%
	No. 38%

	Case 18.5, SL-TDOA, BW=40MHz, RSU symmetric
	0.79
	1.10
	1.55
	2.48
	No. 79%
	No. 27%

	Case 18.11, SL-TDOA, BW=40MHz, RSU symmetric
	0.64
	0.91
	1.30
	2.17
	No. 84%
	No. 37%

	Case 18.17, SL-TDOA, BW=40MHz, RSU symmetric
	0.60
	0.83
	1.16
	1.82
	No. 87%
	No. 41%

	Case 18.23, SL-TDOA, BW=40MHz, RSU symmetric
	0.79
	1.11
	1.58
	2.58
	No. 79%
	No. 28%

	Case 18.29, SL-TDOA, BW=40MHz, RSU symmetric
	0.64
	0.92
	1.36
	2.34
	No. 82%
	No. 37%

	Case 18.35, SL-TDOA, BW=40MHz, RSU symmetric
	0.60
	0.85
	1.22
	1.98
	No. 85%
	No. 40%

	Case 18.41, SL-TDOA, BW=40MHz, RSU symmetric
	0.79
	1.11
	1.57
	2.51
	No. 79%
	No. 27%

	Case 18.47, SL-TDOA, BW=40MHz, RSU symmetric
	0.65
	0.93
	1.35
	2.24
	No. 83%
	No. 37%

	Case 18.53, SL-TDOA, BW=40MHz, RSU symmetric
	0.60
	0.85
	1.19
	1.83
	No. 86%
	No. 40%

	
	
	
	
	
	
	

	Case 18.3, SL-TDOA, BW=100MHz, RSU staggered
	0.52
	0.69
	0.92
	1.40
	Yes
	No. 47%

	Case 18.9, SL-TDOA, BW=100MHz, RSU staggered
	0.45
	0.60
	0.79
	1.21
	Yes
	No. 56%

	Case 18.15, SL-TDOA, BW=100MHz, RSU staggered
	0.41
	0.55
	0.75
	1.16
	Yes
	No. 61%

	Case 18.21, SL-TDOA, BW=100MHz, RSU staggered
	0.52
	0.69
	0.93
	1.41
	Yes
	No. 47%

	Case 18.27, SL-TDOA, BW=100MHz, RSU staggered
	0.46
	0.61
	0.81
	1.23
	Yes
	No. 56%

	Case 18.33, SL-TDOA, BW=100MHz, RSU staggered
	0.42
	0.56
	0.76
	1.15
	Yes
	No. 61%

	Case 18.39, SL-TDOA, BW=100MHz, RSU staggered
	0.52
	0.69
	0.93
	1.41
	Yes
	No. 47%

	Case 18.45, SL-TDOA, BW=100MHz, RSU staggered
	0.46
	0.61
	0.80
	1.23
	Yes
	No. 56%

	Case 18.51, SL-TDOA, BW=100MHz, RSU staggered
	0.42
	0.56
	0.76
	1.19
	Yes
	No. 60%

	Case 18.6, SL-TDOA, BW=100MHz, RSU symmetric
	0.54
	0.72
	0.97
	1.46
	Yes
	No. 45%

	Case 18.12, SL-TDOA, BW=100MHz, RSU symmetric
	0.42
	0.57
	0.78
	1.30
	Yes
	No. 60%

	Case 18.18, SL-TDOA, BW=100MHz, RSU symmetric
	0.39
	0.53
	0.72
	1.09
	Yes
	No. 64%

	Case 18.24, SL-TDOA, BW=100MHz, RSU symmetric
	0.54
	0.72
	0.97
	1.48
	Yes
	No. 45%

	Case 18.30, SL-TDOA, BW=100MHz, RSU symmetric
	0.42
	0.57
	0.79
	1.33
	Yes
	No. 60%

	Case 18.36, SL-TDOA, BW=100MHz, RSU symmetric
	0.39
	0.53
	0.72
	1.12
	Yes
	No. 64%

	Case 18.42, SL-TDOA, BW=100MHz, RSU symmetric
	0.54
	0.73
	0.99
	1.50
	Yes
	No. 45%

	Case 18.48, SL-TDOA, BW=100MHz, RSU symmetric
	0.43
	0.58
	0.80
	1.35
	Yes
	No. 59%

	Case 18.54, SL-TDOA, BW=100MHz, RSU symmetric
	0.39
	0.54
	0.73
	1.15
	Yes
	No. 63%

	
	
	
	
	
	
	

	Case 18.55, SL-TDOA, BW=400MHz, #anchor=3
	0.25
	0.34
	0.46
	0.66
	Yes
	No. 82%

	Case 18.56, SL-TDOA, BW=400MHz, #anchor=5
	0.19
	0.25
	1.35
	0.44
	Yes
	Yes

	Case 18.57, SL-TDOA, BW=400MHz, #anchor=7
	0.16
	0.22
	0.27
	0.33
	Yes
	Yes

	Case 18.58, SL-TDOA, BW=400MHz, #anchor=3
	0.25
	0.35
	0.47
	0.66
	Yes
	No. 82%

	Case 18.59, SL-TDOA, BW=400MHz, #anchor=5
	0.19
	0.25
	0.35
	0.44
	Yes
	Yes

	Case 18.60, SL-TDOA, BW=400MHz, #anchor=7
	0.16
	0.22
	0.27
	0.33
	Yes
	Yes

	Case 18.61, SL-TDOA, BW=400MHz, #anchor=3
	0.25
	0.35
	0.47
	0.66
	Yes
	No. 82%

	Case 18.62, SL-TDOA, BW=400MHz, #anchor=5
	0.20
	0.26
	0.35
	0.43
	Yes
	Yes

	Case 18.63, SL-TDOA, BW=400MHz, #anchor=7
	0.17
	0.22
	0.27
	0.34
	Yes
	Yes


Observation 9: For V2X use cases, SL TDOA for absolute positioning with 100MHz BW and 400MHz satisfies the Set A and Set B horizontal accuracy requirement respectively when a simple MF estimation is used.
Table 20 shows the case IDs and relevant parameters for the 2nd set of SL TDOA simulations, where MUSIC estimation is used but feedback-based retransmission is not used.
[bookmark: _Ref118387444]Table 20 Assumptions for highway for absolute positioning (SL-TDOA, MUSIC)
	Parameters
	Case 20.1
	Case 20.2
	Case 20.3
	Case 20.4
	Case 20.5
	Case 20.6

	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
	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
	100
	400
	40
	100
	400

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled

	Parameters
	Case 20.7
	Case 20.8
	Case 20.9
	Case 20.10
	Case 20.11
	Case 20.12

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

	SL PRS comb size
	1
	1
	1
	6
	6
	6

	SL PRS #symbols
	1
	1
	1
	6
	6
	6

	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
	100
	400
	40
	100
	400

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled

	Parameters
	Case 20.13
	Case 20.14
	Case 20.15
	Case 20.16
	Case 20.17
	Case 20.18

	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
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC

	RSU deployment
	staggered
	staggered
	staggered
	staggered
	staggered
	staggered

	# anchor nodes
	5
	5
	5
	7
	7
	7

	SL PRS BW (MHz)
	40
	100
	400
	40
	100
	400

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled

	Parameters
	Case 20.19
	Case 20.20
	Case 20.21
	Case 20.22
	Case 20.23
	Case 20.24

	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
	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
	100
	400
	40
	100
	400

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled

	FB-ReTx
	disabled
	disabled
	disabled
	disabled
	disabled
	disabled

	Parameters
	Case 20.25
	Case 20.26
	Case 20.27

	Positioning method
	SL TDOA
	SL TDOA
	SL TDOA

	SL PRS comb size
	12
	12
	12

	SL PRS #symbols
	12
	12
	12

	Estimation method
	MUSIC
	MUSIC
	MUSIC

	RSU deployment
	staggered
	staggered
	staggered

	# anchor nodes
	7
	7
	7

	SL PRS BW (MHz)
	40
	100
	400

	FB-ReTx
	disabled
	disabled
	disabled


Table 21 shows the summary of the performance results of the 2nd set of SL TDOA simulations. The simulation results show that Set A requirement can be met with SL PRS BW=40MHz and Set B requirement can be met with BW=400MHz, if MUSIC estimation is used.
[bookmark: _Ref118387631]Table 21 Simulation results for highway for absolute positioning - horizontal accuracy (SL-TDOA, MUSIC)
	Case ID & brief description 
	50%
	67%
	80%
	90%
	Set A req.
	Set B req.

	Case 20.1, SL-TDOA, BW=40MHz, #anchor=3
	0.60
	0.80
	1.06
	1.47
	Yes
	No. 39%

	Case 20.4, SL-TDOA, BW=40MHz, #anchor=5
	0.53
	0.70
	0.90
	1.20
	Yes
	No. 46%

	Case 20.7, SL-TDOA, BW=40MHz, #anchor=7
	0.47
	0.63
	0.83
	1.12
	Yes
	No. 53%

	Case 20.10, SL-TDOA, BW=40MHz, #anchor=3
	0.58
	0.77
	1.01
	1.42
	Yes
	No. 42%

	Case 20.13, SL-TDOA, BW=40MHz, #anchor=5
	0.52
	0.69
	0.90
	1.24
	Yes
	No. 48%

	Case 20.16, SL-TDOA, BW=40MHz, #anchor=7
	0.47
	0.63
	0.83
	1.17
	Yes
	No. 54%

	Case 20.19, SL-TDOA, BW=40MHz, #anchor=3
	0.58
	0.78
	1.02
	1.40
	Yes
	No. 41%

	Case 20.22, SL-TDOA, BW=40MHz, #anchor=5
	0.51
	0.67
	0.86
	1.15
	Yes
	No. 48%

	Case 20.25, SL-TDOA, BW=40MHz, #anchor=7
	0.46
	0.61
	0.79
	1.05
	Yes
	No. 54%

	
	
	
	
	
	
	

	Case 20.2, SL-TDOA, BW=100MHz, #anchor=3
	0.48
	0.62
	0.79
	1.07
	Yes
	No. 53%

	Case 20.5, SL-TDOA, BW=100MHz, #anchor=5
	0.41
	0.53
	0.65
	0.82
	Yes
	No. 63%

	Case 20.8, SL-TDOA, BW=100MHz, #anchor=7
	0.37
	0.48
	0.61
	0.77
	Yes
	No. 68%

	Case 20.11, SL-TDOA, BW=100MHz, #anchor=3
	0.47
	0.62
	0.78
	1.06
	Yes
	No. 53%

	Case 20.14, SL-TDOA, BW=100MHz, #anchor=5
	0.42
	0.54
	0.67
	0.85
	Yes
	No. 62%

	Case 20.17, SL-TDOA, BW=100MHz, #anchor=7
	0.37
	0.49
	0.61
	0.76
	Yes
	No. 68%

	Case 20.20, SL-TDOA, BW=100MHz, #anchor=3
	0.46
	0.60
	0.77
	1.02
	Yes
	No. 54%

	Case 20.23, SL-TDOA, BW=100MHz, #anchor=5
	0.40
	0.52
	0.64
	0.80
	Yes
	No. 64%

	Case 20.26, SL-TDOA, BW=100MHz, #anchor=7
	0.37
	0.48
	0.60
	0.75
	Yes
	No. 70%

	
	
	
	
	
	
	

	Case 20.3, SL-TDOA, BW=400MHz, #anchor=3
	0.26
	0.35
	0.47
	0.68
	Yes
	No. 82%

	Case 20.6, SL-TDOA, BW=400MHz, #anchor=5
	0.19
	0.25
	0.35
	0.44
	Yes
	Yes

	Case 20.9, SL-TDOA, BW=400MHz, #anchor=7
	0.17
	0.22
	0.27
	0.33
	Yes
	Yes

	Case 20.12, SL-TDOA, BW=400MHz, #anchor=3
	0.25
	0.35
	0.47
	0.66
	Yes
	No. 82%

	Case 20.15, SL-TDOA, BW=400MHz, #anchor=5
	0.19
	0.25
	0.35
	0.44
	Yes
	Yes

	Case 20.18, SL-TDOA, BW=400MHz, #anchor=7
	0.17
	0.22
	0.27
	0.33
	Yes
	Yes

	Case 20.21, SL-TDOA, BW=400MHz, #anchor=3
	0.25
	0.35
	0.47
	0.66
	Yes
	No. 82%

	Case 20.24, SL-TDOA, BW=400MHz, #anchor=5
	0.20
	0.26
	0.34
	0.42
	Yes
	Yes

	Case 20.27, SL-TDOA, BW=400MHz, #anchor=7
	0.17
	0.22
	0.27
	0.35
	Yes
	Yes


Observation 10: For V2X use cases, SL TDOA for absolute positioning with 40MHz BW and 400MHz satisfies the Set A and Set B horizontal accuracy requirement respectively when MUSIC estimation is used.
Table 22 shows the case IDs and relevant parameters for the 3rd set of SL TDOA simulations, where feedback-based retransmission is used without MUSIC estimation.
[bookmark: _Ref118387788]Table 22 Assumptions for highway for absolute positioning (SL-TDOA, MF+FB-ReTx)
	Parameters
	Case 22.1
	Case 22.2
	Case 22.3
	Case 22.4
	Case 22.5
	Case 22.6

	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
	staggered
	staggered
	staggered

	# anchor nodes
	3
	3
	3
	5
	5
	5

	SL PRS BW (MHz)
	40
	100
	400
	40
	100
	400

	FB-ReTx
	enabled
	enabled
	enabled
	enabled
	enabled
	enabled

	Parameters
	Case 22.7
	Case 22.8
	Case 22.9
	Case 22.10
	Case 22.11
	Case 22.12

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

	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

	RSU deployment
	staggered
	staggered
	staggered
	staggered
	staggered
	staggered

	# anchor nodes
	7
	7
	7
	3
	3
	3

	SL PRS BW (MHz)
	40
	100
	400
	40
	100
	400

	FB-ReTx
	enabled
	enabled
	enabled
	enabled
	enabled
	enabled

	Parameters
	Case 22.13
	Case 22.14
	Case 22.15
	Case 22.16
	Case 22.17
	Case 22.18

	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
	staggered
	staggered
	staggered

	# anchor nodes
	5
	5
	5
	7
	7
	7

	SL PRS BW (MHz)
	40
	100
	400
	40
	100
	400

	FB-ReTx
	enabled
	enabled
	enabled
	enabled
	enabled
	enabled

	Parameters
	Case 22.19
	Case 22.20
	Case 22.21
	Case 22.22
	Case 22.23
	Case 22.24

	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
	staggered
	staggered
	staggered

	# anchor nodes
	3
	3
	3
	5
	5
	5

	SL PRS BW (MHz)
	40
	100
	400
	40
	100
	400

	FB-ReTx
	enabled
	enabled
	enabled
	enabled
	enabled
	enabled

	Parameters
	Case 22.25
	Case 22.26
	Case 22.27
	
	
	

	Positioning method
	SL TDOA
	SL TDOA
	SL TDOA
	
	
	

	SL PRS comb size
	12
	12
	12
	
	
	

	SL PRS #symbols
	12
	12
	12
	
	
	

	Estimation method
	MF
	MF
	MF
	
	
	

	RSU deployment
	staggered
	staggered
	staggered
	
	
	

	# anchor nodes
	7
	7
	7
	
	
	

	SL PRS BW (MHz)
	40
	100
	400
	
	
	

	FB-ReTx
	enabled
	enabled
	enabled
	
	
	


Table 23 shows the summary of the performance results of the 3rd set of SL TDOA simulations. The simulation results show that Set A requirement can be met with SL PRS BW=40MHz and Set B requirement can be met with BW=400MHz, if feedback-based retransmission is used.
[bookmark: _Ref118387836]Table 23 Simulation results for highway for absolute positioning - horizontal accuracy (SL-TDOA, MF+FB-ReTx)
	Case ID & brief description 
	50%
	67%
	80%
	90%
	Set A req.
	Set B req.

	Case 22.1, SL-TDOA, BW=40MHz, #anchor=3
	0.70
	0.95
	1.32
	1.94
	No. 84%
	No. 32%

	Case 22.4, SL-TDOA, BW=40MHz, #anchor=5
	0.63
	0.86
	1.16
	1.71
	No. 87%
	No. 38%

	Case 22.7, SL-TDOA, BW=40MHz, #anchor=7
	0.57
	0.78
	1.05
	1.55
	No. 89%
	No. 43%

	Case 22.10, SL-TDOA, BW=40MHz, #anchor=3
	0.67
	0.92
	1.25
	1.89
	No. 86%
	No. 33%

	Case 22.13, SL-TDOA, BW=40MHz, #anchor=5
	0.63
	0.86
	1.16
	1.68
	No. 87%
	No. 37%

	Case 22.16, SL-TDOA, BW=40MHz, #anchor=7
	0.56
	0.77
	1.03
	1.47
	Yes
	No. 43%

	Case 22.19, SL-TDOA, BW=40MHz, #anchor=3
	0.68
	0.94
	1.27
	1.88
	No. 85%
	No. 33%

	Case 22.22, SL-TDOA, BW=40MHz, #anchor=5
	0.63
	0.86
	1.16
	1.71
	No. 87%
	No. 37%

	Case 22.25, SL-TDOA, BW=40MHz, #anchor=7
	0.57
	0.79
	1.05
	1.48
	Yes
	No. 43%

	
	
	
	
	
	
	

	Case 22.2, SL-TDOA, BW=100MHz, #anchor=3
	0.51
	0.68
	0.88
	1.26
	Yes
	No. 48%

	Case 22.5, SL-TDOA, BW=100MHz, #anchor=5
	0.45
	0.60
	0.77
	1.09
	Yes
	No. 55%

	Case 22.8, SL-TDOA, BW=100MHz, #anchor=7
	0.41
	0.55
	0.72
	0.98
	Yes
	No. 61%

	Case 22.11, SL-TDOA, BW=100MHz, #anchor=3
	0.51
	0.68
	0.88
	1.27
	Yes
	No. 48%

	Case 22.14, SL-TDOA, BW=100MHz, #anchor=5
	0.45
	0.59
	0.77
	1.11
	Yes
	No. 56%

	Case 22.17, SL-TDOA, BW=100MHz, #anchor=7
	0.41
	0.55
	0.72
	1.04
	Yes
	No. 62%

	Case 22.20, SL-TDOA, BW=100MHz, #anchor=3
	0.51
	0.66
	0.88
	1.28
	Yes
	No. 49%

	Case 22.23, SL-TDOA, BW=100MHz, #anchor=5
	0.45
	0.58
	0.76
	1.09
	Yes
	No. 57%

	Case 22.26, SL-TDOA, BW=100MHz, #anchor=7
	0.40
	0.54
	0.71
	1.00
	Yes
	No. 62%

	
	
	
	
	
	
	

	Case 22.3, SL-TDOA, BW=400MHz, #anchor=3
	0.25
	0.34
	0.46
	0.66
	Yes
	No. 82%

	Case 22.6, SL-TDOA, BW=400MHz, #anchor=5
	0.19
	0.25
	0.35
	0.44
	Yes
	Yes

	Case 22.9, SL-TDOA, BW=400MHz, #anchor=7
	0.16
	0.22
	0.27
	0.33
	Yes
	Yes

	Case 22.12, SL-TDOA, BW=400MHz, #anchor=3
	0.26
	0.34
	0.46
	0.64
	Yes
	No. 83%

	Case 22.15, SL-TDOA, BW=400MHz, #anchor=5
	0.19
	0.25
	0.33
	0.41
	Yes
	Yes

	Case 22.18, SL-TDOA, BW=400MHz, #anchor=7
	0.16
	0.22
	0.27
	0.34
	Yes
	Yes

	Case 22.21, SL-TDOA, BW=400MHz, #anchor=3
	0.26
	0.34
	0.46
	0.64
	Yes
	No. 83%

	Case 22.24, SL-TDOA, BW=400MHz, #anchor=5
	0.20
	0.26
	0.34
	0.42
	Yes
	Yes

	Case 22.27, SL-TDOA, BW=400MHz, #anchor=7
	0.17
	0.22
	0.27
	0.35
	Yes
	Yes


Observation 11: For V2X use cases, SL TDOA for absolute positioning with 40MHz BW and 400MHz satisfies the Set A and Set B horizontal accuracy requirement respectively when feedback-based retransmission is used.
Table 24 shows the case IDs and relevant parameters for the 4th set of SL TDOA simulations, where both MUSIC estimation and feedback-based retransmission are used.
[bookmark: _Ref118388101]Table 24 Assumptions for highway for absolute positioning (SL-TDOA, MUSIC+FB-ReTx)
	Parameters
	Case 24.1
	Case 24.2
	Case 24.3
	Case 24.4
	Case 24.5
	Case 24.6

	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
	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
	100
	400
	40
	100
	400

	FB-ReTx
	enabled
	enabled
	enabled
	enabled
	enabled
	enabled

	Parameters
	Case 24.7
	Case 24.8
	Case 24.9
	Case 24.10
	Case 24.11
	Case 24.12

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

	SL PRS comb size
	1
	1
	1
	6
	6
	6

	SL PRS #symbols
	1
	1
	1
	6
	6
	6

	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
	100
	400
	40
	100
	400

	FB-ReTx
	enabled
	enabled
	enabled
	enabled
	enabled
	enabled

	Parameters
	Case 24.13
	Case 24.14
	Case 24.15
	Case 24.16
	Case 24.17
	Case 24.18

	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
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC

	RSU deployment
	staggered
	staggered
	staggered
	staggered
	staggered
	staggered

	# anchor nodes
	5
	5
	5
	7
	7
	7

	SL PRS BW (MHz)
	40
	100
	400
	40
	100
	400

	FB-ReTx
	enabled
	enabled
	enabled
	enabled
	enabled
	enabled

	Parameters
	Case 24.19
	Case 24.20
	Case 24.21
	Case 24.22
	Case 24.23
	Case 24.24

	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
	staggered
	staggered
	staggered

	# anchor nodes
	3
	3
	3
	5
	5
	5

	SL PRS BW (MHz)
	40
	100
	400
	40
	100
	400

	FB-ReTx
	enabled
	enabled
	enabled
	enabled
	enabled
	enabled

	Parameters
	Case 24.25
	Case 24.26
	Case 24.27
	
	
	

	Positioning method
	SL TDOA
	SL TDOA
	SL TDOA
	
	
	

	SL PRS comb size
	12
	12
	12
	
	
	

	SL PRS #symbols
	12
	12
	12
	
	
	

	Estimation method
	MUSIC
	MUSIC
	MUSIC
	
	
	

	RSU deployment
	staggered
	staggered
	staggered
	
	
	

	# anchor nodes
	7
	7
	7
	
	
	

	SL PRS BW (MHz)
	40
	100
	400
	
	
	

	FB-ReTx
	enabled
	enabled
	enabled
	
	
	


Table 25 shows the summary of the performance results of the 4th set of SL TDOA simulations. The simulation results show that Set A requirement can be met with SL PRS BW=40MHz and Set B requirement can be met with BW=400MHz, if both MUSIC estimation and feedback-based retransmission are used.
[bookmark: _Ref118388144]Table 25 Simulation results for highway for absolute positioning - horizontal accuracy (SL-TDOA, MUSIC+FB-ReTx)
	Case ID & brief description 
	50%
	67%
	80%
	90%
	Set A req.
	Set B req.

	Case 24.1, SL-TDOA, BW=40MHz, #anchor=3
	0.59
	0.78
	1.02
	1.39
	Yes
	No. 40%

	Case 24.4, SL-TDOA, BW=40MHz, #anchor=5
	0.51
	0.66
	0.84
	1.11
	Yes
	No. 49%

	Case 24.7, SL-TDOA, BW=40MHz, #anchor=7
	0.45
	0.60
	0.76
	0.99
	Yes
	No. 56%

	Case 24.10, SL-TDOA, BW=40MHz, #anchor=3
	0.58
	0.77
	1.01
	1.36
	Yes
	No. 41%

	Case 24.13, SL-TDOA, BW=40MHz, #anchor=5
	0.51
	0.66
	0.84
	1.10
	Yes
	No. 49%

	Case 24.16, SL-TDOA, BW=40MHz, #anchor=7
	0.45
	0.59
	0.76
	0.97
	Yes
	No. 57%

	Case 24.19, SL-TDOA, BW=40MHz, #anchor=3
	0.59
	0.78
	1.00
	1.37
	Yes
	No. 40%

	Case 24.22, SL-TDOA, BW=40MHz, #anchor=5
	0.52
	0.68
	0.86
	1.10
	Yes
	No. 48%

	Case 24.25, SL-TDOA, BW=40MHz, #anchor=7
	0.45
	0.60
	0.75
	0.97
	Yes
	No. 55%

	
	
	
	
	
	
	

	Case 24.2, SL-TDOA, BW=100MHz, #anchor=3
	0.47
	0.61
	0.77
	1.03
	Yes
	No. 53%

	Case 24.5, SL-TDOA, BW=100MHz, #anchor=5
	0.41
	0.52
	0.63
	0.78
	Yes
	No. 64%

	Case 24.8, SL-TDOA, BW=100MHz, #anchor=7
	0.35
	0.46
	0.58
	0.71
	Yes
	No. 71%

	Case 24.11, SL-TDOA, BW=100MHz, #anchor=3
	0.47
	0.61
	0.77
	1.03
	Yes
	No. 53%

	Case 24.14, SL-TDOA, BW=100MHz, #anchor=5
	0.41
	0.52
	0.64
	0.80
	Yes
	No. 64%

	Case 24.17, SL-TDOA, BW=100MHz, #anchor=7
	0.36
	0.47
	0.58
	0.73
	Yes
	No. 70%

	Case 24.20, SL-TDOA, BW=100MHz, #anchor=3
	0.47
	0.61
	0.76
	0.99
	Yes
	No. 54%

	Case 24.23, SL-TDOA, BW=100MHz, #anchor=5
	0.40
	0.52
	0.63
	0.78
	Yes
	No. 64%

	Case 24.26, SL-TDOA, BW=100MHz, #anchor=7
	0.35
	0.46
	0.58
	0.72
	Yes
	No. 72%

	
	
	
	
	
	
	

	Case 24.3, SL-TDOA, BW=400MHz, #anchor=3
	0.26
	0.34
	0.46
	0.64
	Yes
	No. 83%

	Case 24.6, SL-TDOA, BW=400MHz, #anchor=5
	0.19
	0.25
	0.33
	0.41
	Yes
	Yes

	Case 24.9, SL-TDOA, BW=400MHz, #anchor=7
	0.17
	0.21
	0.27
	0.34
	Yes
	Yes

	Case 24.12, SL-TDOA, BW=400MHz, #anchor=3
	0.26
	0.34
	0.45
	0.64
	Yes
	No. 83%

	Case 24.15, SL-TDOA, BW=400MHz, #anchor=5
	0.19
	0.25
	0.32
	0.41
	Yes
	Yes

	Case 24.18, SL-TDOA, BW=400MHz, #anchor=7
	0.16
	0.22
	0.27
	0.34
	Yes
	Yes

	Case 24.21, SL-TDOA, BW=400MHz, #anchor=3
	0.26
	0.34
	0.45
	0.64
	Yes
	No. 83%

	Case 24.24, SL-TDOA, BW=400MHz, #anchor=5
	0.19
	0.25
	0.33
	0.41
	Yes
	Yes

	Case 24.27, SL-TDOA, BW=400MHz, #anchor=7
	0.17
	0.22
	0.27
	0.34
	Yes
	Yes


Observation 12: For V2X use cases, SL TDOA for absolute positioning with 40MHz BW and 400MHz satisfies the Set A and Set B horizontal accuracy requirement respectively when both MUSIC estimation and feedback-based retransmission are used.
Conclusion 3: For V2X use cases, SL TDOA for absolute positioning with 40MHz BW satisfies the Set A horizontal accuracy requirement, and SL TDOA for absolute positioning with 400MHz BW satisfies the Set B horizontal accuracy requirement.
3. Conclusion
In this contribution, different SL positioning methods were evaluated with various parameters and conditions. The following observations and conclusions were made.
Observation 1: For V2X use cases, SL single-RTT for ranging within 80m with 40MHz BW satisfies Set A distance accuracy requirement when simple MF estimation is used.
Observation 2: For V2X use cases, SL single-RTT for ranging within 80m with 20MHz BW satisfies Set A distance accuracy requirement when MUSIC estimation is used.
Observation 3: For V2X use cases, SL single-RTT for ranging within 80m with 20MHz BW satisfies Set A distance accuracy requirement when feedback-based retransmission is used.
Observation 4: For V2X use cases, SL single-RTT for ranging within 80m with 20MHz BW satisfies Set A distance accuracy requirement when both MUSIC estimation and feedback-based retransmission are used.
Observation 5: For V2X use cases, SL multi-RTT for absolute positioning with 100MHz BW and 400MHz satisfies the Set A and Set B horizontal accuracy requirement respectively when a simple MF estimation is used.
Observation 6: For V2X use cases, SL multi-RTT for absolute positioning with 40MHz BW and 400MHz satisfies the Set A and Set B horizontal accuracy requirement respectively when MUSIC estimation is used.
Observation 7: For V2X use cases, SL multi-RTT for absolute positioning with 40MHz BW and 400MHz satisfies the Set A and Set B horizontal accuracy requirement respectively when feedback-based retransmission is used.
Observation 8: For V2X use cases, SL multi-RTT for absolute positioning with 40MHz BW and 400MHz satisfies the Set A and Set B horizontal accuracy requirement respectively when both MUSIC estimation and feedback-based retransmission are used.
Observation 9: For V2X use cases, SL TDOA for absolute positioning with 100MHz BW and 400MHz satisfies the Set A and Set B horizontal accuracy requirement respectively when a simple MF estimation is used.
Observation 10: For V2X use cases, SL TDOA for absolute positioning with 40MHz BW and 400MHz satisfies the Set A and Set B horizontal accuracy requirement respectively when MUSIC estimation is used.
Observation 11: For V2X use cases, SL TDOA for absolute positioning with 40MHz BW and 400MHz satisfies the Set A and Set B horizontal accuracy requirement respectively when feedback-based retransmission is used.
Observation 12: For V2X use cases, SL TDOA for absolute positioning with 40MHz BW and 400MHz satisfies the Set A and Set B horizontal accuracy requirement respectivel, when both MUSIC estimation and feedback-based retransmission are used.
Conclusion 1: For V2X use cases, SL single-RTT for ranging within 80m with 20MHz BW satisfies Set A distance accuracy requirement. SL single-RTT for ranging within 80m with 100MHz BW cannot satisfy Set B distance accuracy requirement.
Conclusion 2: For V2X use cases, SL multi-RTT for ranging with 40MHz BW satisfies Set A distance accuracy requirement, and SL multi-RTT for ranging with 400MHz BW satisfies Set B distance accuracy requirement.
Conclusion 3: For V2X use cases, SL TDOA for absolute positioning with 40MHz BW satisfies the Set A horizontal accuracy requirement, and SL TDOA for absolute positioning with 400MHz BW satisfies the Set B horizontal accuracy requirement.
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