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1 Introduction
In RAN#94e meeting, the study item on Rel-18 NR positioning was approved [1], where one of the potential enhancements is for sidelink positioning. As shown in the SID, some bullets for sidelink positioning are to define evaluation methodology and evaluate performance.
	· Study solutions for sidelink positioning considering the following: [RAN1, RAN2] 
· Scenario/requirements 
· Coverage scenarios to cover: in-coverage, partial-coverage and out-of-coverage
· Requirements: Based on requirements identified in TR38.845 and TS22.261 and TS22.104
· Use cases: V2X (TR38.845), public safety (TR38.845), commercial (TS22.261), IIOT (TS22.104)
· Spectrum: ITS, licensed
· Identify specific target performance requirements to be considered for the evaluation based on existing 3GPP work and inputs from industry forums [RAN1]
· Define evaluation methodology with which to evaluate SL positioning for the uses cases and coverage scenarios, reusing existing methodologies from sidelink communication and from positioning as much as possible [RAN1]. 
· Study and evaluate performance and feasibility of potential solutions for SL positioning, considering relative positioning, ranging and absolute positioning: [RAN1, RAN2]
· Evaluate bandwidth requirement needed to meet the identified accuracy requirements [RAN1]
· Study of positioning methods (e.g. TDOA, RTT, AOA/D, etc) including combination of SL positioning measurements with other RAT dependent positioning measurements (e.g. Uu based measurements) [RAN1]
· Study of sidelink reference signals for positioning purposes from physical layer perspective, including signal design, resource allocation, measurements, associated procedures, etc, reusing existing reference signals, procedures, etc from sidelink communication and from positioning as much as possible [RAN1]
· Study of positioning architecture and signalling procedures (e.g. configuration, measurement reporting, etc) to enable sidelink positioning covering both UE based and network based positioning [RAN2, including coordination and alignment with RAN3 and SA2 as required]
Note: When the bandwidth requirements have been determined and the study of sidelink communication in unlicensed spectrum has progressed, it can be reviewed whether unlicensed spectrum can be considered in further work. Checkpoint at RAN#97 to see if sufficient information is available for this review.


In RAN1#109e and RAN1#110 meeting, evaluation methodology and scenarios have been agreed. In this contribution, we provide some SL positioning simulation results.
2 Evaluation Results for TR 38.859 Section B.1
2.1 Description of evaluation scenarios
Based on the agreement in RAN1#109e and RAN1#110 meeting, sidelink positioning is evaluated in V2X use case with highway scenario and urban grid scenario, IIOT use case, public safety use case and commercial use case. For IIOT use case, indoor factory scenario defined in TR 38.857 [3] is used to evaluate. As typical scenarios of InF, InF-SH and InF-DH are evaluated. For public safety use case, RMa scenario can be adopted to be evaluated as a typical scenario of public safety. For commercial use case, indoor office scenario can be adopted to be evaluated as a typical scenario of commercial use case.
Common assumptions applicable to all evaluated scenarios are provided in Table 2.1-1.
Table 2.1-1 Common evaluation assumptions applicable to all use cases
	Parameter
	

	Carrier frequency
	Uu: 4GHz
SL: 6GHz

	Subcarrier spacing
	30KHz

	UE or UE type RSU antenna configuration
	 (M, N, P, Mg, Ng) =  (1, 4, 2, 1, 1)

	Comb size
	4

	Interference modelling (ideal muting, or other)
	Ideal muting

	Description of measurement algorithm (e.g. super resolution, interference cancellation, ….)
	MUSIC algorithm

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	Absolute positioning: TDOA with Gauss-Newton algorithm;
Relative positioning/ranging: RTT, or AOA

	Synchronization assumptions
	Perfect synchronization

	Precoding assumptions (codebook, etc)
	No precoding


Evaluation parameters for absolute positioning in highway use case are provided in Table 2.1-2. Evaluation parameters for relative positioning in highway use case are provided in Table 2.1-3.
Table 2.1-2 Evaluation parameters for absolute positioning in highway use case
	Parameters
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6

	Anchor nodes
	Joint
	Joint
	Joint
	SL only
	SL only
	SL only

	Bandwidth
	100MHz
	40MHz
	20MHz
	100MHz
	40MHz
	20MHz


Table 2.1-3 Evaluation parameters for relative positioning in highway use case
	Parameters
	Case 7
	Case 8
	Case 9
	Case 10
	Case 11
	Case 12
	Case 13
	Case 14
	Case 15

	X
	50
	50
	50
	100
	100
	100
	150
	150
	150

	Bandwidth
	20MHz
	40MHz
	100MHz
	20MHz
	40MHz
	100MHz
	20MHz
	40MHz
	100MHz

	Link type
	All link
	All link
	All link
	All link
	All link
	All link
	All link
	All link
	All link

	Parameters
	Case 16
	Case 17
	Case 18
	Case 19
	Case 20
	Case 21
	Case 22
	Case 23
	Case 24

	X
	200
	200
	200
	300
	300
	300
	50
	50
	50

	Bandwidth
	20MHz
	40MHz
	100MHz
	20MHz
	40MHz
	100MHz
	20MHz
	40MHz
	100MHz

	Link type
	All link
	All link
	All link
	All link
	All link
	All link
	LOS only
	LOS only
	LOS only

	Parameters
	Case 25
	Case 26
	Case 27
	Case 28
	Case 29
	Case 30

	X
	150
	150
	150
	300
	300
	300

	Bandwidth
	20MHz
	40MHz
	100MHz
	20MHz
	40MHz
	100MHz

	Link type
	LOS only
	LOS only
	LOS only
	LOS only
	LOS only
	LOS only


Evaluation parameters for absolute positioning in urban grid use case are provided in Table 2.1-4. Evaluation parameters for relative positioning in urban grid use case are provided in Table 2.1-5.
Table 2.1-4 Evaluation parameters for absolute positioning in urban grid use case
	Parameters
	Case 31
	Case 32
	Case 33
	Case 34
	Case 35
	Case 36

	Anchor nodes
	Joint
	Joint
	Joint
	SL only
	SL only
	SL only

	Bandwidth
	100MHz
	40MHz
	20MHz
	100MHz
	40MHz
	20MHz


Table 2.1-5 Evaluation parameters for relative positioning in urban grid use case
	Parameters
	Case 37
	Case 38
	Case 39
	Case 40
	Case 41
	Case 42
	Case 43
	Case 44
	Case 45

	X
	20
	20
	20
	30
	30
	30
	50
	50
	50

	Bandwidth
	20MHz
	40MHz
	100MHz
	20MHz
	40MHz
	100MHz
	20MHz
	40MHz
	100MHz

	Parameters
	Case 46
	Case 47
	Case 48
	Case 49
	Case 50
	Case 51

	X
	80
	80
	80
	150
	150
	150

	Bandwidth
	20MHz
	40MHz
	100MHz
	20MHz
	40MHz
	100MHz


Evaluation parameters for absolute positioning in InF-SH scenario are provided in Table 2.1-6. Evaluation parameters for relative positioning in InF-SH scenario are provided in Table 2.1-7. Evaluation parameters for absolute positioning in InF-DH scenario are provided in Table 2.1-8. Evaluation parameters for relative positioning in InF-DH scenario are provided in Table 2.1-9.
Table 2.1-6 Evaluation parameters for absolute positioning in InF-SH scenario
	Parameters
	Case 52
	Case 53
	Case 54
	Case 55
	Case 56
	Case 57

	Anchor nodes
	SL only
	SL only
	SL only
	SL only
	SL only
	SL only

	Bandwidth
	20MHz
	20MHz
	40MHz
	40MHz
	100MHz
	100MHz

	Anchor UEs number
	10
	20
	10
	20
	10
	20

	Parameters
	Case 58
	Case 59
	Case 60
	Case 61
	Case 62
	Case 63
	Case 64
	Case 65
	Case 66

	Anchor nodes
	Uu only
	SL only
	Joint
	Uu only
	SL only
	Joint
	Uu only
	SL only
	Joint

	Bandwidth
	20MHz
	20MHz
	20MHz
	40MHz
	40MHz
	40MHz
	100MHz
	100MHz
	100MHz

	Anchor UEs number
	10
	10
	10
	10
	10
	10
	10
	10
	10


Table 2.1-7 Evaluation parameters for relative positioning in InF-SH scenario
	Parameters
	Case 67
	Case 68 
	Case 69
	Case 70
	Case 71
	Case 72
	Case 73
	Case 74
	Case 75

	X
	10
	20
	30
	50
	10
	20
	30
	50
	10

	Bandwidth
	20MHz
	20MHz
	20MHz
	20MHz
	40MHz
	40MHz
	40MHz
	40MHz
	100MHz

	Parameters
	Case 76
	Case 77 
	Case 78

	X
	20
	30
	50

	Bandwidth
	100MHz
	100MHz
	100MHz


Table 2.1-8 Evaluation parameters for absolute positioning in InF-DH scenario
	Parameters
	Case 79
	Case 80
	Case 81
	Case 82
	Case 83
	Case 84

	Anchor nodes
	SL only
	SL only
	SL only
	SL only
	SL only
	SL only

	Bandwidth
	20MHz
	20MHz
	40MHz
	40MHz
	100MHz
	100MHz

	Anchor UEs number
	10
	20
	10
	20
	10
	20

	Parameters
	Case 85
	Case 86
	Case 87
	Case 88
	Case 89
	Case 90
	Case 91
	Case 92
	Case 93

	Anchor nodes
	Uu only
	SL only
	Joint
	Uu only
	SL only
	Joint
	Uu only
	SL only
	Joint

	Bandwidth
	20MHz
	20MHz
	20MHz
	40MHz
	40MHz
	40MHz
	100MHz
	100MHz
	100MHz

	Anchor UEs number
	20
	20
	20
	20
	20
	20
	20
	20
	20


Table 2.1-9 Evaluation parameters for relative positioning in InF-DH scenario
	Parameters
	Case 94
	Case 95 
	Case 96
	Case 97
	Case 98
	Case 99 
	Case 100 
	Case 101
	Case 102

	X
	10
	20
	30
	50
	10
	20
	30
	50
	10

	Bandwidth
	20MHz
	20MHz
	20MHz
	20MHz
	40MHz
	40MHz
	40MHz
	40MHz
	100MHz

	Parameters
	Case 103
	Case 104
	Case 105

	X
	20
	30
	50

	Bandwidth
	100MHz
	100MHz
	100MHz


Evaluation parameters for absolute positioning in public safety use case are provided in Table 2.1-10. Evaluation parameters for relative positioning in public safety use case are provided in Table 2.1-11.
Table 2.1-10 Evaluation parameters for absolute positioning in public safety use case
	BS location
	7 macro sites with 3 cells per site

	UE drop
	Antenna height 1.5m, speed 3km/h, uniformly and randomly distributed at the macro geographical area

	Reference UE
	Anchor UEs per cell are dropped randomly

	SL channel model
	Modify RMa described in TR 38.901, i.e. replace BS with the reference UE in the channel model of BS2UE, where reference UE height, transmit power are used to replace gNB’s.

	Uu channel model
	RMa described in TR 38.901

	Parameters
	Case 106
	Case 107
	Case 108
	Case 109
	Case 110
	Case 111

	Anchor nodes
	SL only
	SL only
	SL only
	SL only
	SL only
	SL only

	Bandwidth
	20MHz
	20MHz
	40MHz
	40MHz
	100MHz
	100MHz

	Anchor UEs number
	1 per cell
	2 per cell
	1 per cell
	2 per cell
	1 per cell
	2 per cell

	Parameters
	Case 112
	Case 113
	Case 114
	Case 115
	Case 116
	Case 117
	Case 118
	Case 119
	Case 120

	Anchor nodes
	Uu only
	SL only
	Joint
	Uu only
	SL only
	Joint
	Uu only
	SL only
	Joint

	Bandwidth
	20MHz
	20MHz
	20MHz
	40MHz
	40MHz
	40MHz
	100MHz
	100MHz
	100MHz

	Anchor UEs number
	2 per cell
	2 per cell
	2 per cell
	2 per cell
	2 per cell
	2 per cell
	2 per cell
	2 per cell
	2 per cell


Table 2.1-11 Evaluation parameters for absolute positioning in public safety use case
	Parameters
	Case 121
	Case 122
	Case 123
	Case 124
	Case 125
	Case 126

	X
	50
	100
	50
	100
	50
	100

	Bandwidth
	20MHz
	20MHz
	40MHz
	40MHz
	100MHz
	100MHz


Evaluation parameters for absolute positioning in commercial use case are provided in Table 2.1-12. Evaluation parameters for relative positioning in commercial use case are provided in Table 2.1-13.
Table 2.1-12 Evaluation parameters for absolute positioning in commercial use case
	BS location
	12 sites deployed as described in TR 38.901

	UE drop
	Antenna height 1.5m, speed 3km/h, uniformly and randomly distributed at the macro geographical area

	Reference UE
	Anchor UEs are dropped randomly

	SL channel model
	Modify indoor office channel model described in TR 38.901, i.e. replace BS with the reference UE in the channel model of BS2UE, where reference UE height, transmit power are used to replace gNB’s.

	Uu channel model
	Indoor office described in TR 38.901

	Parameters
	Case 127
	Case 128
	Case 129
	Case 130
	Case 131
	Case 132

	Anchor nodes
	SL only
	SL only
	SL only
	SL only
	SL only
	SL only

	Bandwidth
	20MHz
	40MHz
	100MHz
	20MHz
	40MHz
	100MHz

	Anchor UEs number
	6
	12
	6
	12
	6
	12

	Parameters
	Case 133
	Case 134
	Case 135
	Case 136
	Case 137
	Case 138
	Case 139
	Case 140
	Case 141

	Anchor nodes
	Uu only
	SL only
	Joint
	Uu only
	SL only
	Joint
	Uu only
	SL only
	Joint

	Bandwidth
	20MHz
	20MHz
	20MHz
	40MHz
	40MHz
	40MHz
	100MHz
	100MHz
	100MHz

	Anchor UEs number
	12
	12
	12
	12
	12
	12
	12
	12
	12


Table 2.1-13 Evaluation parameters for absolute positioning in commercial use case
	Parameters
	Case 142
	Case 143
	Case 144
	Case 145
	Case 146
	Case 147
	Case 148
	Case 149
	Case 150

	X
	10
	20
	50
	10
	20
	50
	10
	20
	50

	Bandwidth
	20MHz
	20MHz
	20MHz
	40MHz
	40MHz
	40MHz
	100MHz
	100MHz
	100MHz



2.2 Positioning accuracy evaluation results for Sidelink Positioning
This subsection provides evaluation results for sidelink positioning, including absolute positioning and relative positioning, in V2X use case with highway scenario and urban grid scenario, IIOT use case, public safety use case and commercial use case.
2.2.1 Positioning accuracy evaluation results for Sidelink Positioning for Highway Scenarios for V2X
Figure 2.2.1-1, Table 2.2.1-1 and Table 2.2.1-2 show the CDF errors of simulation results for absolute positioning in highway scenario, involving horizontal positioning accuracy and vertical positioning accuracy. Figure 2.2.1-2 and Table 2.2.1-3 show the distance accuracy of ranging in highway scenario. Figure 2.2.1-3 and Table 2.2.1-4 show the angle accuracy of ranging in highway scenario. Figure 2.2.1-4 and Table 2.2.1-5 show the CDF errors of simulation results for relative positioning in highway scenario.
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Figure 2.2.1-1 Curves of CDF errors for absolute positioning in highway scenario
Table 2.2.1-1 CDF errors for absolute positioning in highway scenario-horizontal accuracy
	Case
	50%
	67%
	80%
	90%
	Whether meet the requirement of Set A
(If not, which percentile satisfies)
	Whether meet the requirement of Set B
(If not, which percentile satisfies)

	Case 1-Joint, BW=100MHz
	0.111
	0.1505
	0.1861
	0.2169
	Yes
	Yes

	Case 2-Joint, BW=40MHz
	0.3517
	0.4583
	0.6207
	0.7354
	Yes
	No
67%

	Case 3-Joint, BW=20MHz
	0.6651
	0.8498
	1.104
	1.287
	Yes
	No
Less than 50%

	Case 4-SL only, BW=100MHz
	0.2397
	0.3952
	0.5869
	0.8348
	Yes
	No
67% 

	Case 5-SL only, BW=40MHz
	0.6787
	1.02
	1.412
	2.343
	No
80%
	No
Less than 50%

	Case 6-SL only, BW=20MHz
	1.013
	1.542
	2.405
	3.08
	No
50%
	No
Less than 50%


Table 2.2.1-2 CDF errors for absolute positioning in highway scenario-vertical accuracy
	Case
	50%
	67%
	80%
	90%
	Whether meet the requirement of Set A
(If not, which percentile satisfies)
	Whether meet the requirement of Set B
(If not, which percentile satisfies)

	Case 1-Joint, BW=100MHz
	0.784
	1.193
	1.445
	1.578
	Yes
	Yes

	Case 2-Joint, BW=40MHz
	1.423
	1.57
	2.965
	4.481
	No
80%
	No
67% 

	Case 3-Joint, BW=20MHz
	2.725
	7.534
	9.946
	12.76
	No
50% 
	No
Less than 50%

	Case 4-SL only, BW=100MHz
	7.236
	8.714
	9.927
	11.81
	No
Less than 50%
	No
Less than 50%

	Case 5-SL only, BW=40MHz
	9.216
	10.73
	12.47
	14.64
	No
Less than 50% 
	No
Less than 50% 

	Case 6-SL only, BW=20MHz
	12.12
	14.2
	17.62
	23.06
	No
Less than 50% 
	No
Less than 50% 
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Figure 2.2.1-2 Distance accuracy of ranging in highway scenario
Table 2.2.1-3 Distance accuracy of ranging in highway scenario
	Case
	50%
	67%
	80%
	90%
	Whether meet the requirement of Set A
(If not, which percentile satisfies)
	Whether meet the requirement of Set B
(If not, which percentile satisfies)

	Case 7, X=50m, BW=20M
	0.3994
	0.5319
	0.7112
	1.085
	Yes
	No
50%

	Case 8, X=50m, BW=40M
	0.1995
	0.2837
	0.3862
	0.5556
	Yes
	No
80% 

	Case 9, X=50m, BW=100M
	0.1127
	0.1628
	0.2354
	0.3442
	Yes
	Yes

	Case 10, X=100m, BW=20M
	0.4145
	0.5466
	0.8197
	1.173
	Yes
	No
50% 

	Case 11, X=100m, BW=40M
	0.2075
	0.2909
	0.4125
	0.6223
	Yes
	No
80% 

	Case 12, X=100m, BW=100M
	0.1112
	0.1611
	0.2239
	0.3187
	Yes
	Yes

	Case 13, X=150m, BW=20M
	0.4109
	0.5499
	0.7665
	1.165
	Yes
	No
50% 

	Case 14, X=150m, BW=40M
	0.2097
	0.2945
	0.4125
	0.6555
	Yes
	No
80% 

	Case 15, X=150m, BW=100M
	0.1149
	0.1658
	0.2477
	0.3885
	Yes
	Yes

	Case 16, X=200m, BW=20M
	0.4129
	0.5541
	0.7826
	1.191
	Yes
	No
50% 

	Case 17, X=200m, BW=40M
	0.2124
	0.2984
	0.4185
	0.6714
	Yes
	No
80% 

	Case 18, X=200m, BW=100M
	0.1185
	0.1722
	0.2522
	0.4
	Yes
	Yes

	Case 19, X=300m, BW=20M
	0.4134
	0.5575
	0.804
	1.229
	Yes
	No
50% 

	Case 20, X=300m, BW=40M
	0.2284
	0.3285
	0.4564
	0.7286
	Yes
	No
80% 

	Case 21, X=300m, BW=100M
	0.1202
	0.1739
	0.2572
	0.4299
	Yes
	Yes
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Figure 2.2.1-3 Angle accuracy of ranging in highway scenario
Table 2.2.1-4 Angle accuracy of ranging in highway scenario
	Case
	50%
	67%
	80%
	90%
	Whether meet the requirement of Set A
(If not, which percentile satisfies)
	Whether meet the requirement of Set B
(If not, which percentile satisfies)

	Case 22, X=50m, BW=20M
	1.446
	2.34
	3.594
	6.16
	Yes
	Yes

	Case 23, X=50m, BW=40M
	0.9293
	1.63
	2.914
	5.078
	Yes
	Yes

	Case 24, X=50m, BW=100M
	0.6204
	1.258
	1.881
	3.838
	Yes
	Yes

	Case 25, X=150m, BW=20M
	1.123
	1.73
	3.168
	4.488
	Yes
	Yes

	Case 26, X=150m, BW=40M
	0.941
	1.419
	2.358
	4.842
	Yes
	Yes

	Case 27, X=150m, BW=100M
	0.5651
	1.08
	1.647
	3.835
	Yes
	Yes

	Case 28, X=300m, BW=20M
	1.143
	1.818
	3.204
	5.01
	Yes
	Yes

	Case 29, X=300m, BW=40M
	0.941
	1.402
	2.436
	4.711
	Yes
	Yes

	Case 30, X=300m, BW=100M
	0.657
	1.029
	1.586
	3.306
	Yes
	Yes
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Figure 2.2.1-4 CDF errors of relative positioning in highway scenario
Table 2.2.1-5 CDF errors of relative positioning in highway scenario
	Case
	50%
	67%
	80%
	90%
	Whether meet the requirement of Set A
(If not, which percentile satisfies)
	Whether meet the requirement of Set B
(If not, which percentile satisfies)

	Case 22, X=50m, BW=20M
	1.05
	1.714
	2.56
	3.601
	No
50%
	No
Less than 50%

	Case 23, X=50m, BW=40M
	0.7736
	1.159
	1.556
	2.273
	No
67%
	No
Less than 50%

	Case 24, X=50m, BW=100M
	0.4851
	0.7523
	1.042
	1.46
	Yes
	No
50%

	Case 25, X=150m, BW=20M
	1.83
	2.992
	4.922
	8.784
	No
Less than 50%
	No
Less than 50%

	Case 26, X=150m, BW=40M
	1.383
	2.399
	3.93
	6.74
	No
50%
	No
Less than 50%

	Case 27, X=150m, BW=100M
	0.8476
	1.366
	2.005
	4.133
	No
67%
	No
Less than 50%

	Case 28, X=300m, BW=20M
	2.971
	5.61
	10.29
	23.81
	No
Less than 50%
	No
Less than 50%

	Case 29, X=300m, BW=40M
	2.502
	4.672
	7.724
	17.3
	No
Less than 50%
	No
Less than 50%

	Case 30, X=300m, BW=100M
	1.607
	2.978
	5.662
	14.31
	No
Less than 50%
	No
Less than 50%


Observation 1: For V2X use case in highway scenario, simulation results are provided for FR1, where MUSIC algorithm is used.
· For absolute horizontal accuracy, the results are provided.
· The requirement 1.5m@90% (Set A), 
· is achieved with 20MHz bandwidth, by using Joint Uu/SL positioning.
· is achieved with 100MHz bandwidth, by using SL only positioning.
· The requirement 0.5m@90% (Set B), 
· is achieved with 100MHz bandwidth, by using Joint Uu/SL positioning.
· is not achieved with 100MHz bandwidth, by using SL only positioning.
· [bookmark: _GoBack]For absolute vertical accuracy, the results are provided.
· The requirement 3m@90% (Set A), 
· is achieved with 100MHz bandwidth, by using Joint Uu/SL positioning.
· is not achieved with 100MHz bandwidth, by using SL only positioning.
· The requirement 2m@90% (Set B), 
· is achieved with 100MHz bandwidth, by using Joint Uu/SL positioning.
· is not achieved with 100MHz bandwidth, by using SL only positioning.
· For distance accuracy of ranging, the results are provided.
· The requirement 1.5m@90% (Set A), 
· is achieved with 20MHz bandwidth, when X=50m, 100m, 150m, 200m, 300m.
· The requirement 0.5m@90% (Set B), 
· is achieved with 100MHz bandwidth, when X=50m, 100m, 150m, 200m, 300m.
· For angle accuracy of ranging, the results are provided.
· The requirement 15°@90% (Set A), 
· is achieved with 20MHz bandwidth.
· The requirement 8°@90% (Set B), 
· is achieved with 20MHz bandwidth.
· For Relative horizontal accuracy, the results are provided.
· The requirement 1.5m@90% (Set A), 
· is achieved with 100MHz bandwidth, when X=50m.
· is not achieved with 100MHz bandwidth, when X=150m, 300m.
· The requirement 0.5m@90% (Set B), 
· is not achieved with 100MHz bandwidth, when X=50m, 150m, 300m.

2.2.2 Positioning accuracy evaluation results for Sidelink Positioning for Urban Grid Scenarios for V2X
Figure 2.2.2-1 and Table 2.2.2-1 show the CDF errors of simulation results for absolute positioning in urban grid scenario. Figure 2.2.2-2 and Table 2.2.2-2 show distance accuracy of ranging in urban grid scenario.
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Figure 2.2.2-1 Curves of CDF errors for absolute positioning in urban grid scenario
Table 2.2.2-1 CDF errors for absolute positioning in urban grid scenario-horizontal accuracy
	Case
	50%
	67%
	80%
	90%
	Whether meet the requirement of Set A
(If not, which percentile satisfies)
	Whether meet the requirement of Set B
(If not, which percentile satisfies)

	Case 31-Joint, BW=100MHz
	0.1718
	0.226
	0.2865
	0.3423
	Yes
	Yes

	Case 32-Joint, BW=40MHz
	0.6298
	0.9333
	1.325
	1.918
	No
80%
	No
Less than 50% 

	Case 33-Joint, BW=20MHz
	1.038
	1.368
	1.772
	2.247
	No
67% 
	No
Less than 50% 

	Case 34-SL only, BW=100MHz
	1.764
	3.569
	6.164
	8.403
	No
Less than 50% 
	No
Less than 50%

	Case 35-SL only, BW=40MHz
	6.644
	8.542
	10.95
	13.28
	No
Less than 50% 
	No
Less than 50% 

	Case 36-SL only, BW=20MHz
	7.035
	9.373
	12.75
	16.08
	No
Less than 50% 
	No
Less than 50% 
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Figure 2.2.2-2 Distance accuracy of ranging in urban grid scenario
Table 2.2.2-2 Distance accuracy of ranging in urban grid scenario
	Case
	50%
	67%
	80%
	90%
	Whether meet the requirement of Set A
(If not, which percentile satisfies)
	Whether meet the requirement of Set B
(If not, which percentile satisfies)

	Case 37, X=20m, BW=20M
	0.6843
	1.067
	1.667
	2.298
	No
67% 
	No
Less than 50% 

	Case 38, X=20m, BW=40M
	0.3272
	0.5479
	0.7734
	1.014
	Yes
	No
50% of UEs 

	Case 39, X=20m, BW=100M
	0.3272
	0.2898
	0.3934
	0.6417
	Yes
	No
80%

	Case 40, X=30m, BW=20M
	0.7525
	1.151
	1.785
	2.782
	No
67% 
	No
Less than 50% 

	Case 41, X=30m, BW=40M
	0.3559
	0.5654
	0.8703
	1.413
	Yes
	No
50% 

	Case 42, X=30m, BW=100M
	0.1813
	0.2942
	0.444
	0.752
	Yes
	No
80% 

	Case 43, X=50m, BW=20M
	0.8824
	1.484
	2.312
	4.622
	No
67% 
	No
Less than 50%

	Case 44, X=50m, BW=40M
	0.4467
	0.752
	1.11
	2.59
	No
80% 
	No
50% 

	Case 45, X=50m, BW=100M
	0.2034
	0.3642
	0.6787
	2.143
	No
80% 
	No
67% 

	Case 46, X=80m, BW=20M
	1.007
	1.714
	3.042
	6.949
	No
50% 
	No
Less than 50% 

	Case 47, X=80m, BW=40M
	0.4828
	0.8532
	1.587
	6.793
	No
67% 
	No
50% 

	Case 48, X=80m, BW=100M
	0.2277
	0.444
	1.019
	5.43
	No
80%
	No
67% 

	Case 49, X=150m, BW=20M
	1.121
	1.977
	3.634
	8.883
	No
50% 
	No
Less than 50%

	Case 50, X=150m, BW=40M
	0.5553
	1.016
	2.296
	8.547
	No
67% 
	No
Less than 50% 

	Case 51, X=150m, BW=100M
	0.2902
	0.5964
	2.033
	7.251
	No
67% 
	No
50% 


Observation 2: For V2X use case in urban grid scenario, simulation results are provided for FR1, where MUSIC algorithm is used.
· For absolute horizontal accuracy, the results are provided.
· The requirement 1.5m@90% (Set A), 
· is achieved with 100MHz bandwidth, by using Joint Uu/SL positioning.
· is not achieved with 100MHz bandwidth, by using SL only positioning.
· The requirement 0.5m@90% (Set B), 
· is achieved with 100MHz bandwidth, by using Joint Uu/SL positioning.
· is not achieved with 100MHz bandwidth, by using SL only positioning.
· For distance accuracy of ranging, the results are provided.
· The requirement 1.5m@90% (Set A), 
· is achieved with 40MHz bandwidth, when X=20m, 30m.
· is not achieved with 100MHz bandwidth, when X=50m, 80m, 100m.
· The requirement 0.5m@90% (Set B), 
· is not achieved with 100MHz bandwidth.

2.2.3 Positioning accuracy evaluation results for Sidelink Positioning for IIOT
Figure 2.2.3-1 and Table 2.2.3-1 show the CDF errors of simulation results for absolute positioning in InF-SH scenario. Figure 2.2.3-2 and Table 2.2.3-2 show distance accuracy of ranging in InF-SH scenario. Figure 2.2.3-3 and Table 2.2.3-3 show the CDF errors of simulation results for absolute positioning in InF-DH scenario. Figure 2.2.3-4 and Table 2.2.3-4 show distance accuracy of ranging in InF-DH scenario.
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Figure 2.2.3-1 Curves of CDF errors for absolute positioning in InF-SH scenario
Table 2.2.3-1 CDF errors for absolute positioning in InF-SH scenario-horizontal accuracy
	Case
	50%
	67%
	80%
	90%
	Whether meet the requirement of Set A
(If not, which percentile satisfies)
	Whether meet the requirement of Set B
(If not, which percentile satisfies)

	Case 52-SL only, 10 anchors, BW=20MHz
	0.9601
	1.257
	1.769
	2.585
	No
50%
	No
Less than 50%

	Case 53-SL only, 20 anchors, BW=20MHz
	0.7325
	0.9754
	1.181
	1.5
	No
67%
	No
Less than 50%

	Case 54-SL only, 10 anchors, BW=40MHz
	0.4576
	0.6031
	0.8316
	1.441
	No
80% 
	No
Less than 50% 

	Case 55-SL only, 20 anchors, BW=40MHz
	0.3471
	0.4425
	0.5702
	0.7137
	Yes
	No
Less than 50%

	Case 56-SL only, 10 anchors, BW=100MHz
	0.2021
	0.2768
	0.3797
	0.4717
	Yes
	No
Less than 50% 

	Case 57-SL only, 20 anchors, BW=100MHz
	0.1395
	0.1943
	0.2329
	0.3127
	Yes
	No
67% 

	Case 58-Uu only, BW=20MHz
	1.689
	2.125
	2.519
	3.105
	No
Less than 50%
	No
Less than 50%

	Case 59-SL only, BW=20MHz
	0.9601
	1.257
	1.769
	2.585
	No
50%
	No
Less than 50%

	Case 60-Joint, BW=20MHz
	0.9462
	1.317
	1.802
	2.148
	No
50%
	No
Less than 50% 

	Case 61-Uu only, BW=40MHz
	0.736
	1.034
	1.264
	1.668
	No
50% 
	No
Less than 50% 

	Case 62-SL only, BW=40MHz
	0.4576
	0.6031
	0.8484
	1.441
	No
80% 
	No
Less than 50% 

	Case 63-Joint, BW=40MHz
	0.4545
	0.6321
	0.8158
	1.107
	No
80% 
	No
Less than 50%

	Case 64-Uu only, BW=100MHz
	0.2249
	0.3048
	0.3759
	0.5133
	Yes
	No
Less than 50% 

	Case 65-SL only, BW=100MHz
	0.2021
	0.2768
	0.3797
	0.4717
	Yes
	No
Less than 50% 

	Case 66-Joint, BW=100MHz
	0.166
	0.2153
	0.2783
	0.3212
	Yes
	No
50% 
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Figure 2.2.3-2 Distance accuracy of ranging in InF-SH scenario
Table 2.2.3-2 CDF errors for relative positioning in InF-SH scenario-ranging accuracy
	Case
	50%
	67%
	80%
	90%
	Whether meet the requirement of Set A
(If not, which percentile satisfies)
	Whether meet the requirement of Set B
(If not, which percentile satisfies)

	Case 67, X=10m, BW=20M
	0.6901
	1.0826
	1.6368
	 2.4109
	No
50% 
	No
Less than 50%

	Case 68, X=20m, BW=20M
	0.7135
	1.148
	1.833
	2.6936
	No
50% 
	No
Less than 50% 

	Case 69, X=30m, BW=20M
	0.7062
	1.1722 
	1.718
	2.641
	No
50%
	No
Less than 50%

	Case 70, X=50m, BW=20M
	0.7262
	1.184
	1.785
	2.87
	No
50% 
	No
Less than 50%

	Case 71, X=10m, BW=40M
	0.3274
	0.5224
	0.7726
	1.1595
	No
80% 
	No
Less than 50% 

	Case 72, X=20m, BW=40M
	0.3692
	0.5666
	0.8597
	1.271
	No
80% 
	No
Less than 50% 

	Case 73, X=30m, BW=40M
	0.3548
	0.568
	0.8629
	1.295
	No
80%
	No
Less than 50% 

	Case 74, X=50m, BW=40M
	0.3572
	0.5733
	0.8861
	1.481
	No
80%
	No
Less than 50%

	Case 75, X=10m, BW=100M
	0.1389
	0.22
	0.311
	0.4912
	Yes
	No
50%

	Case 76, X=20m, BW=100M
	0.1312
	0.2014
	0.2813
	0.4246
	Yes
	No
50%

	Case 77, X=30m, BW=100M
	0.1386
	0.2107
	0.3083
	0.4573
	Yes
	No
50% 

	Case 78, X=50m, BW=100M
	0.1491
	0.2277
	0.3257
	0.5206
	Yes
	No
50% 
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Figure 2.2.3-3 Curves of CDF errors for absolute positioning in InF-DH scenario
Table 2.2.3-3 CDF errors for absolute positioning in InF-DH scenario-horizontal accuracy
	Case
	50%
	67%
	80%
	90%
	Whether meet the requirement of Set A
(If not, which percentile satisfies)
	Whether meet the requirement of Set B
(If not, which percentile satisfies)

	Case 79-SL only, 10 anchors, BW=20MHz
	1.7
	2.843
	4.824
	9.196
	No
Less than 50% 
	No
Less than 50%

	Case 80-SL only, 20 anchors, BW=20MHz
	1.093
	1.551
	2.185
	3.566
	No
Less than 50% 
	No
Less than 50% 

	Case 81-SL only, 10 anchors, BW=40MHz
	0.8144
	2.004
	3.857
	7.081
	No
50% 
	No
Less than 50% 

	Case 82-SL only, 20 anchors, BW=40MHz
	0.5264
	0.8396
	1.547
	2.808
	No
67% 
	No
Less than 50%

	Case 83-SL only, 10 anchors, BW=100MHz
	0.3465
	0.5537
	1.368
	2.694
	No
67%
	No
Less than 50% 

	Case 84-SL only, 20 anchors, BW=100MHz
	0.1928
	0.2337
	0.3022
	0.5069
	Yes
	No
50% 

	Case 85-Uu only, BW=20MHz
	1.993
	2.794
	3.866
	5.483
	No
Less than 50% 
	No
Less than 50% 

	Case 86-SL only, BW=20MHz
	1.093
	1.551
	2.185
	3.566
	No
Less than 50% 
	No
Less than 50% 

	Case 87-Joint, BW=20MHz
	1.249
	1.717
	2.096
	2.715
	No
Less than 50% 
	No
Less than 50%

	Case 88-Uu only, BW=40MHz
	1.066
	1.602
	2.629
	3.355
	No
Less than 50%
	No
Less than 50%

	Case 89-SL only, BW=40MHz
	0.5385
	0.8396
	1.547
	2.808
	No
67% 
	No
Less than 50%

	Case 90-Joint, BW=40MHz
	0.5339
	0.7756
	0.9745
	1.992
	No
80% 
	No
Less than 50% 

	Case 91-Uu only, BW=100MHz
	0.2865
	0.4146
	0.7936
	1.343
	No
80% 
	No
Less than 50%

	Case 92-SL only, BW=100MHz
	0.1982
	0.2337
	0.2897
	0.5001
	Yes
	No
50% 

	Case 93-Joint, BW=100MHz
	0.1696
	0.2227
	0.2779
	0.3723
	Yes
	No
50% 
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Figure 2.2.3-4 Distance accuracy of ranging in InF-DH scenario
Table 2.2.3-4 Distance accuracy of ranging in InF-DH scenario
	Case
	50%
	67%
	80%
	90%
	Whether meet the requirement of Set A
(If not, which percentile satisfies)
	Whether meet the requirement of Set B
(If not, which percentile satisfies)

	Case 94, X=10m, BW=20M
	0.7768
	1.2700 
	2.0104    
	3.4948
	No
50% 
	No
Less than 50% 

	Case 95, X=20m, BW=20M
	0.9037           
	1.5404 
	2.8503
	5.5656
	No
50% 
	No
Less than 50% 

	Case 96, X=30m, BW=20M
	1.0253    
	1.8831    
	3.6125    
	7.3011
	No
Less than 50% 
	No
Less than 50% 

	Case 97, X=50m, BW=20M
	1.2797    
	2.5698       
	5.0680 
	9.4485
	No
Less than 50% 
	No
Less than 50%

	Case 98, X=10m, BW=40M
	 0.3506            
	0.5868
	0.9964
	2.0758
	No
80%
	No
Less than 50% 

	Case 99, X=20m, BW=40M
	0.4286           
	0.8030
	1.7002 
	4.6739
	No
67% 
	No
Less than 50% 

	Case 100, X=30m, BW=40M
	0.5100          
	1.1154 
	2.8696 
	6.1450
	No
50% 
	No
Less than 50%

	Case 101, X=50m, BW=40M
	0.7062           
	1.8874 
	4.3185
	7.6209
	No
50% 
	No
Less than 50% 

	Case 102, X=10m, BW=100M
	0.1573            
	0.2395
	0.3922
	0.8593
	Yes
	No
50% 

	Case 103, X=20m, BW=100M
	0.1827          
	0.3171 
	0.6684 
	2.2383
	No
80%
	No
50

	Case 104, X=30m, BW=100M
	0.2136            
	0.4181
	1.2540
	3.5309
	No
67% 
	No
Less than 50% 

	Case 105, X=50m, BW100M
	0.2833           
	0.7670 
	2.2663
	5.4863
	No
67% 
	No
Less than 50% 


Observation 3: For IIOT use case in InF-SH scenario, simulation results are provided for FR1, where MUSIC algorithm is used.
· For absolute horizontal accuracy, the results are provided.
· The requirement 1m@90% (Set A), 
· is achieved with 100MHz bandwidth, by using Joint Uu/SL positioning.
· is achieved with 100MHz bandwidth, by using SL only positioning.
· The requirement 0.2m@90% (Set B), 
· is not achieved with 100MHz bandwidth, by using Joint Uu/SL positioning.
· is not achieved with 100MHz bandwidth, by using SL only positioning.
· For distance accuracy of ranging, the results are provided.
· The requirement 1m@90% (Set A), 
· is achieved with 100MHz bandwidth, when X=10m, 20m, 30m, 50m.
· The requirement 0.2m@90% (Set B), 
· is not achieved with 100MHz bandwidth.
Observation 4: For IIOT use case in InF-DH scenario, simulation results are provided for FR1, where MUSIC algorithm is used.
· For absolute horizontal accuracy, the results are provided.
· The requirement 1m@90% (Set A), 
· is achieved with 100MHz bandwidth, by using Joint Uu/SL positioning.
· is achieved with 100MHz bandwidth, by using SL only positioning.
· The requirement 0.2m@90% (Set B), 
· is not achieved with 100MHz bandwidth, by using Joint Uu/SL positioning.
· is not achieved with 100MHz bandwidth, by using SL only positioning.
· For distance accuracy of ranging, the results are provided.
· The requirement 1m@90% (Set A), 
· is achieved with 100MHz bandwidth, when X=10m.
· Is not achieved with 100MHz bandwidth, when X=20m, 30m, 50m.
· The requirement 0.2m@90% (Set B), 
· is not achieved with 100MHz bandwidth.

2.2.4 Positioning accuracy evaluation results for Sidelink Positioning for Public Safety
Figure 2.2.4-1 and Table 2.2.4-1 show the CDF errors of simulation results for absolute positioning in public safety use case. Figure 2.2.4-2 and Table 2.2.4-2 show the CDF errors of simulation results for relative positioning in public safety use case.
[image: PublicSafety_diffRSU][image: PublicSafety_diffMethods]
Figure 2.2.4-1 Curves of CDF errors for absolute positioning in public safety use case
Table 2.2.4-1 CDF errors for absolute positioning in public safety use case-horizontal accuracy
	Case
	50%
	67%
	80%
	90%
	Whether meet the requirement
(If not, which percentile satisfies)

	Case 106-SL only, 1AnchorPerCell, BW=20MHz
	1.2431            
	1.6627
	2.2263
	2.7782
	No
Less than 50% 

	Case 107-SL only, 2AnchorPerCell, BW=20MHz
	1.1540            
	1.3990
	1.8544
	2.4199
	No
Less than 50%

	Case 108-SL only, 1AnchorPerCell, BW=40MHz
	0.6223            
	0.8382
	1.0678
	1.4093
	No
67% 

	Case 109-SL only, 2AnchorPerCell, BW=40MHz
	0.5020           
	0.6966
	0.9116 
	1.1534
	No
67% 

	Case 110-SL only, 1AnchorPerCell, BW=100MHz
	0.1845         
	0.2370  
	0.3186 
	0.4217
	Yes

	Case 111-SL only, 2AnchorPerCell, BW=100MHz
	0.1879            
	0.2430
	0.3133
	0.3791
	Yes

	Case 112-Uu only, BW=20MHz
	1.8009           
	2.7300
	3.8247 
	5.2236
	No
Less than 50%

	Case 113-SL only, BW=20MHz
	1.2431           
	1.6627
	2.2263 
	2.7782
	No
Less than 50%

	Case 114-Joint, BW=20MHz
	1.1896           
	1.5632
	1.8704 
	2.4784
	No
Less than 50% 

	Case 115-Uu only, BW=40MHz
	0.9407          
	1.2932 
	2.0182 
	3.7831
	No
50% 

	Case 116-SL only, BW=40MHz
	0.6223            
	0.8382
	1.0678
	1.4093
	No
67% 

	Case 117-Joint, BW=40MHz
	0.5413           
	0.6843 
	0.9032
	1.2951
	No
80% 

	Case 118-Uu only, BW=100MHz
	0.2451            
	0.3440
	0.5354
	1.1024
	No
80% 

	Case 119-SL only, BW=100MHz
	0.1845           
	0.2370 
	0.3186
	0.4217
	Yes

	Case 120-Joint, BW=100MHz
	0.1553
	0.2006
	0.2371
	0.3215
	Yes
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Figure 2.2.4-2 Distance accuracy in public safety use case
Table 2.2.4-2 CDF errors for relative positioning in public safety use case-ranging accuracy
	Case
	50%
	67%
	80%
	90%
	Whether meet the requirement
(If not, which percentile satisfies)

	Case 121, X=50m, BW=20M
	0.9619    
	1.5115    
	2.2571    
	3.4623
	No
50% 

	Case 122, X=100m, BW=20M
	1.0451    
	1.6282    
	2.4441    
	3.6152
	No
Less than 50%

	Case 123, X=50m, BW=40M
	0.4199    
	0.7328    
	0.9629    
	1.5160
	No
80% 

	Case 124, X=100m, BW=40M
	0.5146    
	0.8310    
	1.1884    
	1.9188
	No
67% 

	Case 125, X=50m, BW=100M
	0.1744    
	0.2644    
	0.3564    
	0.5212
	Yes

	Case 126, X=100m, BW=100M
	0.2001            
	0.3020
	0.4339
	0.6977
	Yes


Observation 5: For public safety use case, simulation results are provided for FR1, where MUSIC algorithm is used.
· For absolute horizontal accuracy, the results are provided.
· The requirement 1m@90%, 
· is achieved with 100MHz bandwidth, by using Joint Uu/SL positioning.
· is achieved with 100MHz bandwidth, by using SL only positioning.
· For distance accuracy of ranging, the results are provided.
· The requirement 1m@90% , 
· is achieved with 100MHz bandwidth, when X=50m, 100m.

2.2.5 Positioning accuracy evaluation results for Sidelink Positioning for Commercial
Figure 2.2.5-1 and Table 2.2.5-1 show the CDF errors of simulation results for absolute positioning in commercial use case. Figure 2.2.5-2 and Table 2.2.5-2 show distance accuracy of ranging in commercial use case.
[image: IndoorOffice_DiffRSU][image: IndoorOffice_DiffMethod]
Figure 2.2.5-1 Curves of CDF errors for absolute positioning in commercial use case
Table 2.2.5-1 CDF errors for absolute positioning in commercial use case-horizontal accuracy
	Case
	50%
	67%
	80%
	90%
	Whether meet the requirement
(If not, which percentile satisfies)

	Case 127-SL only, 6 anchors, BW=20MHz
	2.1461           
	3.2026 
	4.6755
	8.6156
	No
Less than 50%

	Case 128-SL only, 12 anchors, BW=20MHz
	1.0610            
	1.4826
	2.1985
	3.6284
	No
Less than 50% 

	Case 129-SL only, 6 anchors, BW=40MHz
	1.0987            
	1.9727
	3.4794
	6.2018
	No
Less than 50% 

	Case 130-SL only, 12 anchors, BW=40MHz
	0.5389           
	0.7543 
	1.1236
	1.8774
	No
67% 

	Case 131-SL only, 6 anchors, BW=100MHz
	0.4717            
	1.0361
	2.3075
	3.8034
	No
50%

	Case 132-SL only, 12 anchors, BW=100MHz
	0.2095            
	0.2888
	0.3851
	0.6686
	Yes

	Case 133-Uu only, BW=20MHz
	2.1720            
	3.4177
	5.3990
	8.7723
	No
Less than 50%

	Case 134-SL only, BW=20MHz
	1.0610            
	1.4826
	2.1985
	3.6284
	No
Less than 50%

	Case 135-Joint, BW=20MHz
	0.8773            
	1.2925
	1.9244
	3.1375
	No
50% 

	Case 136-Uu only, BW=40MHz
	1.2981            
	2.3471
	4.0848
	6.8611
	No
Less than 50% 

	Case 137-SL only, BW=40MHz
	0.5389           
	0.7543 
	1.1236
	1.8774
	No
67% 

	Case 138-Joint, BW=40MHz
	0.5420           
	0.7834
	1.0244 
	1.6111
	No
67% 

	Case 139-Uu only, BW=100MHz
	0.3256           
	0.4614
	0.7002 
	1.1877
	No
80% 

	Case 140-SL only, BW=100MHz
	0.2095            
	0.2888
	0.3851
	0.6686
	Yes

	Case 141-Joint, BW=100MHz
	0.1797           
	0.2360 
	0.3077
	0.4194
	Yes
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Figure 2.2.5-2 Distance accuracy of ranging in commercial use case
Table 2.2.5-2 Distance accuracy in commercial use case
	Case
	50%
	67%
	80%
	90%
	Whether meet the requirement
(If not, which percentile satisfies)

	Case 142, X=10m, BW=20M
	0.6704           
	1.0351
	1.4676 
	2.3429
	No
50%

	Case 143, X=20m, BW=20M
	0.7335          
	1.1849 
	2.0779 
	4.4369
	No
50%

	Case 144, X=50m, BW=20M
	1.0277            
	1.8600
	3.5915
	7.4588
	No
Less than 50% 

	Case 145, X=10m, BW=40M
	0.3234           
	0.5564
	0.8593 
	1.3219
	No
80% 

	Case 146, X=20m, BW=40M
	0.3983          
	0.6566 
	1.0717 
	2.2932
	No
67%

	Case 147, X=50m, BW=40M
	0.5044         
	1.0035  
	2.4196 
	5.8426
	No
50% 

	Case 148, X=10m, BW=100M
	0.1622           
	0.2465
	0.3483 
	0.5100
	Yes

	Case 149, X=20m, BW=100M
	0.1657           
	0.2518 
	0.4139
	1.0946
	No
80% 

	Case 150, X=50m, BW=100M
	0.2142           
	0.4080 
	1.1495
	3.4859
	No
67%


Observation 6: For commercial use case, simulation results are provided for FR1, where MUSIC algorithm is used.
· For absolute horizontal accuracy, the results are provided.
· The requirement 1m@90%, 
· is achieved with 100MHz bandwidth, by using Joint Uu/SL positioning.
· is achieved with 100MHz bandwidth, by using SL only positioning.
· For distance accuracy of ranging, the results are provided.
· The requirement 1m@90% , 
· is achieved with 100MHz bandwidth, when X=10m.
· is not achieved with 100MHz bandwidth, when X=20m, 50m.

3 Conclusion
In this contribution, we provide the evaluation results of SL positioning, including absolute positioning and relative positioning, in V2X use case with highway scenario and urban grid scenario, IIOT use case, public safety use case and commercial use case.
Observation 1: For V2X use case in highway scenario, simulation results are provided for FR1, where MUSIC algorithm is used.
· For absolute horizontal accuracy, the results are provided.
· The requirement 1.5m@90% (Set A), 
· is achieved with 20MHz bandwidth, by using Joint Uu/SL positioning.
· is achieved with 100MHz bandwidth, by using SL only positioning.
· The requirement 0.5m@90% (Set B), 
· is achieved with 100MHz bandwidth, by using Joint Uu/SL positioning.
· is not achieved with 100MHz bandwidth, by using SL only positioning.
· For absolute vertical accuracy, the results are provided.
· The requirement 3m@90% (Set A), 
· is achieved with 100MHz bandwidth, by using Joint Uu/SL positioning.
· is not achieved with 100MHz bandwidth, by using SL only positioning.
· The requirement 2m@90% (Set B), 
· is achieved with 100MHz bandwidth, by using Joint Uu/SL positioning.
· is not achieved with 100MHz bandwidth, by using SL only positioning.
· For distance accuracy of ranging, the results are provided.
· The requirement 1.5m@90% (Set A), 
· is achieved with 20MHz bandwidth, when X=50m, 100m, 150m, 200m, 300m.
· The requirement 0.5m@90% (Set B), 
· is achieved with 100MHz bandwidth, when X=50m, 100m, 150m, 200m, 300m.
· For angle accuracy of ranging, the results are provided.
· The requirement 15°@90% (Set A), 
· is achieved with 20MHz bandwidth.
· The requirement 8°@90% (Set B), 
· is achieved with 20MHz bandwidth.
· For Relative horizontal accuracy, the results are provided.
· The requirement 1.5m@90% (Set A), 
· is achieved with 100MHz bandwidth, when X=50m.
· is not achieved with 100MHz bandwidth, when X=150m, 300m.
· The requirement 0.5m@90% (Set B), 
· is not achieved with 100MHz bandwidth, when X=50m, 150m, 300m.

Observation 2: For V2X use case in urban grid scenario, simulation results are provided for FR1, where MUSIC algorithm is used.
· For absolute horizontal accuracy, the results are provided.
· The requirement 1.5m@90% (Set A), 
· is achieved with 100MHz bandwidth, by using Joint Uu/SL positioning.
· is not achieved with 100MHz bandwidth, by using SL only positioning.
· The requirement 0.5m@90% (Set B), 
· is achieved with 100MHz bandwidth, by using Joint Uu/SL positioning.
· is not achieved with 100MHz bandwidth, by using SL only positioning.
· For distance accuracy of ranging, the results are provided.
· The requirement 1.5m@90% (Set A), 
· is achieved with 40MHz bandwidth, when X=20m, 30m.
· is not achieved with 100MHz bandwidth, when X=50m, 80m, 100m.
· The requirement 0.5m@90% (Set B), 
· is not achieved with 100MHz bandwidth.

Observation 3: For IIOT use case in InF-SH scenario, simulation results are provided for FR1, where MUSIC algorithm is used.
· For absolute horizontal accuracy, the results are provided.
· The requirement 1m@90% (Set A), 
· is achieved with 100MHz bandwidth, by using Joint Uu/SL positioning.
· is achieved with 100MHz bandwidth, by using SL only positioning.
· The requirement 0.2m@90% (Set B), 
· is not achieved with 100MHz bandwidth, by using Joint Uu/SL positioning.
· is not achieved with 100MHz bandwidth, by using SL only positioning.
· For distance accuracy of ranging, the results are provided.
· The requirement 1m@90% (Set A), 
· is achieved with 100MHz bandwidth, when X=10m, 20m, 30m, 50m.
· The requirement 0.2m@90% (Set B), 
· is not achieved with 100MHz bandwidth.

Observation 4: For IIOT use case in InF-DH scenario, simulation results are provided for FR1, where MUSIC algorithm is used.
· For absolute horizontal accuracy, the results are provided.
· The requirement 1m@90% (Set A), 
· is achieved with 100MHz bandwidth, by using Joint Uu/SL positioning.
· is achieved with 100MHz bandwidth, by using SL only positioning.
· The requirement 0.2m@90% (Set B), 
· is not achieved with 100MHz bandwidth, by using Joint Uu/SL positioning.
· is not achieved with 100MHz bandwidth, by using SL only positioning.
· For distance accuracy of ranging, the results are provided.
· The requirement 1m@90% (Set A), 
· is achieved with 100MHz bandwidth, when X=10m.
· Is not achieved with 100MHz bandwidth, when X=20m, 30m, 50m.
· The requirement 0.2m@90% (Set B), 
· is not achieved with 100MHz bandwidth.

Observation 5: For public safety use case, simulation results are provided for FR1, where MUSIC algorithm is used.
· For absolute horizontal accuracy, the results are provided.
· The requirement 1m@90%, 
· is achieved with 100MHz bandwidth, by using Joint Uu/SL positioning.
· is achieved with 100MHz bandwidth, by using SL only positioning.
· For distance accuracy of ranging, the results are provided.
· The requirement 1m@90% , 
· is achieved with 100MHz bandwidth, when X=50m, 100m.

Observation 6: For commercial use case, simulation results are provided for FR1, where MUSIC algorithm is used.
· For absolute horizontal accuracy, the results are provided.
· The requirement 1m@90%, 
· is achieved with 100MHz bandwidth, by using Joint Uu/SL positioning.
· is achieved with 100MHz bandwidth, by using SL only positioning.
· For distance accuracy of ranging, the results are provided.
· The requirement 1m@90% , 
· is achieved with 100MHz bandwidth, when X=10m.
· is not achieved with 100MHz bandwidth, when X=20m, 50m.

4 Reference
[1] RP-213588 Revised SID on Study on expanded and improved NR positioning, RAN#94e.
[2] 3GPP TR 36.885-e00. “Study on LTE-based V2X services (Release 14)”
[3] 3GPP TR 38.857. “Study on NR Positioning Enhancements”.
[4] 3GPP TR 36.843. “Study on LTE Device to Device Proximity Services”.
[5] 3GPP TR 38.901. “Study on channel model for frequencies from 0.5 to 100 GHz”..
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