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Introduction
In RAN1#109e, the evaluation methodology for SL positioning have been agreed [1]. In the contribution, we will present the evaluation results for each use case regarding the accuracy of absolute positioning, relative positioning and ranging with distance and angle.

General evaluation assumptions
The general evaluation assumptions for each use case are shown in Table 1.
[bookmark: _Ref111039038][bookmark: _Ref111039030]Table 1 Evaluation assumptions
	Parameter
	V2X
	Public safety
	Commercial
	IIOT

	Carrier frequency
	Uu: 4GHz
SL: 6GHz
	Uu: 3.5GHz
SL: 0.7GHz
	SL: 3.5GHz
	Uu: 3.5GHz
SL: 3.5GHz

	BS Tx power
	49dBm
	49dBm
	/
	24dBm

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

	BS receiver noise figure
	5dB
	5dB
	5dB
	5dB

	UE receiver noise figure
	9dB
	9dB
	9dB
	9dB

	UE or UE type RSU antenna configuration
	 (M, N, P, Mg, Ng) =  (1, 2, 2, 1, 1)
dH=dV=0.5λ
	(M, N, P, Mg, Ng) =  (1, 2, 2, 1, 1)
dH=dV=0.5λ
	(M, N, P, Mg, Ng) =  (1, 2, 2, 1, 1)
dH=dV=0.5λ
	(M, N, P, Mg, Ng) =  (1, 2, 2, 1, 1)
dH=dV=0.5λ

	RSU deployment
	Highway:
Option 1, 200m spacing on both sides of highway symmetrically;
Option 2, staggered on both sides of the highway with distance of 200m
Urban grid: in the middle of the crossroads
	Distributed on a square lattice with spacing 200m (4×4, 16 in total)

	Indoor-office(120m×50m×3m):
[bookmark: OLE_LINK44]Distributed on a square lattice with spacing 20m (6×2, 12 in total)

	[bookmark: OLE_LINK43]Distributed on a square lattice with spacing D near the wall (4×7, 28 in total)
InF-SH: D=50m
InF-DH: D=20m

	Maximum UE-UE distance for relative positioning
	Highway: 50m
Urban: 10m
	20m
	10m
	10m



Evaluations for V2X use cases
General description
The scenarios to be presented in this contribution include
· Highway scenario
· Urban grid scenario
The UE dropping model follows the option A defined in [2]. The antenna model of vehicle UE follows the option 1 defined in section 6.1.4 of [2].

Highway
Absolute positioning
The evaluated cases are for FR1, and the results of SL only positioning and joint Uu/SL positioning are provided for Multi-RTT. The general description of all evaluated cases is shown in the Appendix.
The positioning error of 50%, 67%, 80%, and 90% for all cases are summarized in Table 2.
[bookmark: _Ref46915936][bookmark: _Ref46915924]Table 2  Positioning accuracy (in unit of meter)
	Case number
	50%
	67%
	80%
	90%

	1001, V2X, Highway, [RSU], 20MHz, RTT, Absolute
	0.570
	0.828
	1.165
	1.631

	1002, V2X, Highway, [RSU], 40MHz, RTT, Absolute
	0.383
	0.586
	0.861
	1.231

	1003, V2X, Highway, [RSU], 100MHz, RTT, Absolute
	0.120
	0.183
	0.275
	0.432

	1004, V2X, Highway, [BS,RSU], 20MHz, RTT, Absolute
	0.440
	0.691
	0.968
	1.458

	1005, V2X, Highway, [BS,RSU], 40MHz, RTT, Absolute
	0.325
	0.484
	0.741
	1.091

	1006, V2X, Highway, [BS,RSU], 100MHz, RTT, Absolute
	0.106
	0.162
	0.253
	0.429

	1007, V2X, Highway, [StaggerRSU], 20MHz, RTT, Absolute
	0.554
	0.832
	1.320
	1.844

	1008, V2X, Highway, [StaggerRSU], 40MHz, RTT, Absolute
	0.404
	0.602
	0.916
	1.415

	1009, V2X, Highway, [StaggerRSU], 100MHz, RTT, Absolute
	0.123
	0.202
	0.313
	0.494



Observation 1: For V2X Highway absolute positioning, the accuracy of less than 1.5m@90% (requirement Set A) can be achieved with 40MHz bandwidth, and the accuracy of less than 0.5m@90% (requirement Set BS) can be achieved with 100MHz bandwidth.

Relative positioning and ranging
[bookmark: _Ref111039085]The evaluated cases are for FR1, and the results of SL UE-UE only positioning and joint UE-UE and RSU-UE positioning are provided for Multi-RTT+AOA. The largest distance between the two UEs is 50m. The general description of all evaluated cases is shown in the Appendix.
The positioning error of 50%, 67%, 80%, and 90% for all cases are summarized in Table 3. The ranging distance and angle error of 50%, 67%, 80%, and 90% for all cases are summarized in Table 4.
[bookmark: _Ref111039092]Table 3  Positioning accuracy (in unit of meter)
	Case number
	50%
	67%
	80%
	90%

	1101, V2X, Highway, [UE], 20MHz, RTT+AOA, Relative
	0.902
	1.438
	2.253
	3.448

	1102, V2X, Highway, [UE], 40MHz, RTT+AOA, Relative
	0.674
	1.144
	1.886
	2.785

	1103, V2X, Highway, [UE], 100MHz, RTT+AOA, Relative
	0.482
	0.773
	1.210
	2.148

	1104, V2X, Highway, [UE], 20MHz, RTT+AOA, LOS-only, Relative
	0.869
	1.350
	2.071
	2.954

	1105, V2X, Highway, [UE], 40MHz, RTT+AOA, LOS-only, Relative
	0.651
	1.065
	1.763
	2.551

	1106, V2X, Highway, [UE], 100MHz, RTT+AOA, LOS-only, Relative
	0.273
	0.402
	0.599
	0.955

	1107, V2X, Highway, [UE,RSU], 20MHz, RTT+AOA, Relative
	0.561
	0.807
	1.137
	1.571

	1108, V2X, Highway, [UE,RSU], 40MHz, RTT+AOA, Relative
	0.373
	0.573
	0.819
	1.182

	1109, V2X, Highway, [UE,RSU], 100MHz, RTT+AOA, Relative
	0.119
	0.180
	0.264
	0.407



[bookmark: _Ref111039098]Table 4  Ranging with distance accuracy (in unit of meter) and angle accuracy (in unit of degree)
	Case number
	50%
	67%
	80%
	90%

	1101, V2X, Highway, [UE], 20MHz, Relative
	Distance
	0.234
	0.369
	0.524
	0.749

	1102, V2X, Highway, [UE], 40MHz, Relative
	Distance
	0.160
	0.226
	0.332
	0.451

	1103, V2X, Highway, [UE], 100MHz, Relative
	Distance
	0.045
	0.070
	0.102
	0.148

	1104, V2X, Highway, [UE], 20MHz, RTT+AOA, LOS-only, Relative
	Distance
	0.226
	0.351
	0.495
	0.687

	1105, V2X, Highway, [UE], 40MHz, RTT+AOA, LOS-only, Relative
	Distance
	0.155
	0.221
	0.309
	0.430

	1106, V2X, Highway, [UE], 100MHz, RTT+AOA, LOS-only, Relative
	Distance
	0.044
	0.067
	0.094
	0.137

	1107, V2X, Highway, [UE,RSU], 20MHz, RTT+AOA, Relative
	Distance
	0.193
	0.323
	0.481
	0.732

	1108, V2X, Highway, [UE,RSU], 40MHz, RTT+AOA, Relative
	Distance
	0.153
	0.232
	0.347
	0.502

	1109, V2X, Highway, [UE,RSU], 100MHz, RTT+AOA, Relative
	Distance
	0.049
	0.077
	0.115
	0.176

	Case number
	50%
	67%
	80%
	90%

	1101, V2X, Highway, [UE], 20MHz, Relative
	Angle
	1.800
	2.973
	4.412
	6.549

	1102, V2X, Highway, [UE], 40MHz, Relative
	Angle
	1.449
	2.463
	3.624
	5.600

	1103, V2X, Highway, [UE], 100MHz, Relative
	Angle
	1.086
	1.673
	2.704
	4.348

	1104, V2X, Highway, [UE], 20MHz, RTT+AOA, LOS-only, Relative
	Angle
	1.721
	2.846
	3.980
	5.881

	1105, V2X, Highway, [UE], 40MHz, RTT+AOA, LOS-only, Relative
	Angle
	1.357
	2.316
	3.362
	4.756

	1106, V2X, Highway, [UE], 100MHz, RTT+AOA, LOS-only, Relative
	Angle
	1.030
	1.600
	2.446
	3.805

	1107, V2X, Highway, [UE,RSU], 20MHz, RTT+AOA, Relative
	Angle
	0.874
	1.553
	2.353
	4.423

	1108, V2X, Highway, [UE,RSU], 40MHz, RTT+AOA, Relative
	Angle
	0.574
	1.016
	1.817
	3.129

	1109, V2X, Highway, [UE,RSU], 100MHz, RTT+AOA, Relative
	Angle
	0.192
	0.349
	0.633
	1.029



Observation 2: For V2X Highway relative positioning between two UEs within 50m, the accuracy of less than 3m@90% can be achieved with 40MHz bandwidth for SL UE-UE only positioning.
Observation 3: For V2X Highway relative positioning between two UEs within 50m, RSU assisted positioning could help to increase the accuracy, the accuracy of less than 1.5m@90% (requirement Set A) can be achieved with 40MHz bandwidth for joint UE-UE and RSU-UE positioning.
Observation 4: For V2X Highway relative positioning between two UEs within 50m, 100MHz bandwidth cannot always met the requirement Set B.
Observation 5: For V2X Highway ranging, the distance accuracy of less than 1.5m@90% (requirement Set A) can be achieved with 20MHz bandwidth, and the distance accuracy of less than 0.5m@90% (requirement Set B) can be achieved with 40MHz bandwidth.
Observation 6: For V2X Highway ranging, the angle accuracy of less than 5°@90% can be achieved with 20MHz bandwidth for joint UE-UE and RSU-UE positioning.

Urban grid
Absolute positioning
The evaluated cases are for FR1, and the results of SL only positioning and joint Uu/SL positioning are provided for Multi-RTT. The general description of all evaluated cases is shown in the Appendix.
The positioning error of 50%, 67%, 80%, and 90% for all cases are summarized in Table 5.
[bookmark: _Ref111039117]Table 5  Positioning accuracy (in unit of meter)
	Case number
	50%
	67%
	80%
	90%

	1001, V2X, UrbanGrid, [RSU], 20MHz, RTT, Absolute
	4.749
	6.996
	9.938
	16.222

	1002, V2X, UrbanGrid, [RSU], 40MHz, RTT, Absolute
	3.911
	7.001
	10.070
	12.726

	1003, V2X, UrbanGrid, [RSU], 100MHz, RTT, Absolute
	3.509
	5.782
	7.88
	10.489

	1004, V2X, UrbanGrid, [BS,RSU], 20MHz, RTT, Absolute
	0.331
	0.604
	1.130
	3.187

	1005, V2X, UrbanGrid, [BS,RSU], 40MHz, RTT, Absolute
	0.258
	0.548
	1.100
	2.777

	1006, V2X, UrbanGrid, [BS,RSU], 100MHz, RTT, Absolute
	0.181
	0.361
	0.628
	1.628



Observation 7: For V2X Urban grid absolute positioning, the accuracy of less than 3m@90% can be achieved with 40MHz bandwidth for joint Uu/SL positioning, but the requirements cannot be met.

Relative positioning and ranging
The evaluated cases are for FR1, and the results of SL only positioning and joint Uu/SL positioning are provided for Multi-RTT+AOA. The largest distance between the two UEs is 10m. The general description of all evaluated cases is shown in the Appendix.
The positioning error of 50%, 67%, 80%, and 90% for all cases are summarized in Table 6. The ranging distance and angle error of 50%, 67%, 80%, and 90% for all cases are summarized in Table 7.
[bookmark: _Ref111039136]Table 6  Positioning accuracy (in unit of meter)
	Case number
	50%
	67%
	80%
	90%

	2101, V2X, UrbanGrid, [UE], 20MHz, RTT+AOA, Relative
	1.072
	1.621
	2.485
	4.254

	2102, V2X, UrbanGrid, [UE], 40MHz, RTT+AOA, Relative
	0.878
	1.203
	1.723
	2.614

	2103, V2X, UrbanGrid, [UE], 100MHz, RTT+AOA, Relative
	0.286
	0.403
	0.621
	0.974

	2104, V2X, UrbanGrid, [UE], 20MHz, RTT+AOA, LOS-only, Relative
	1.014
	1.507
	2.290
	3.423

	2105, V2X, UrbanGrid, [UE], 40MHz, RTT+AOA, LOS-only, Relative
	0.848
	1.129
	1.548
	2.300

	2106, V2X, UrbanGrid, [UE], 100MHz, RTT+AOA, LOS-only, Relative
	0.270
	0.379
	0.554
	0.808

	2107, V2X, UrbanGrid, [BS,RSU,UE], 20MHz, RTT+AOA, Relative
	0.99
	1.459
	2.261
	3.416

	2108, V2X, UrbanGrid, [BS,RSU,UE], 40MHz, RTT+AOA, Relative
	0.814
	1.087
	1.523
	2.269

	2109, V2X, UrbanGrid, [BS,RSU,UE], 100MHz, RTT+AOA, Relative
	0.270
	0.379
	0.554
	0.806



[bookmark: _Ref111039143]Table 7  Ranging with distance accuracy (in unit of meter) and angle accuracy (in unit of degree)
	Case number
	50%
	67%
	80%
	90%

	2101, V2X, UrbanGrid, [UE], 20MHz, RTT+AOA, Relative
	Distance 
	0.736
	1.261
	2.066
	3.387

	2102, V2X, UrbanGrid, [UE], 40MHz, RTT+AOA, Relative
	Distance 
	0.605
	0.898
	1.280
	2.063

	2103, V2X, UrbanGrid, [UE], 100MHz, RTT+AOA, Relative
	Distance 
	0.090
	0.141
	0.208
	0.286

	2104, V2X, UrbanGrid, [UE], 20MHz, RTT+AOA, LOS-only, Relative
	Distance 
	0.752
	1.219
	1.831
	2.999

	2105, V2X, UrbanGrid, [UE], 40MHz, RTT+AOA, LOS-only, Relative
	Distance 
	0.606
	0.888
	1.258
	1.997

	2106, V2X, UrbanGrid, [UE], 100MHz, RTT+AOA, LOS-only, Relative
	Distance 
	0.084
	0.136
	0.197
	0.275

	2107, V2X, UrbanGrid, [UE,RSU], 20MHz, RTT+AOA, Relative
	Distance 
	0.697
	1.175
	1.801
	2.990

	2108, V2X, UrbanGrid, [UE,RSU], 40MHz, RTT+AOA, Relative
	Distance 
	0.566
	0.865
	1.238
	1.938

	2109, V2X, UrbanGrid, [UE,RSU], 100MHz, RTT+AOA, Relative
	Distance 
	0.085
	0.137
	0.199
	0.281

	Case number
	50%
	67%
	80%
	90%

	2101, V2X, UrbanGrid, [UE], 20MHz, RTT+AOA, Relative
	Angle 
	3.309
	5.358
	8.345
	14.954

	2102, V2X, UrbanGrid, [UE], 40MHz, RTT+AOA, Relative
	Angle 
	2.710
	4.160
	6.544
	12.487

	2103, V2X, UrbanGrid, [UE], 100MHz, RTT+AOA, Relative
	Angle 
	1.988
	3.220
	4.914
	8.660

	2104, V2X, UrbanGrid, [UE], 20MHz, RTT+AOA, LOS-only, Relative
	Angle 
	3.036
	4.791
	6.857
	10.081

	2105, V2X, UrbanGrid, [UE], 40MHz, RTT+AOA, LOS-only, Relative
	Angle 
	2.457
	3.648
	5.489
	8.059

	2106, V2X, UrbanGrid, [UE], 100MHz, RTT+AOA, LOS-only, Relative
	Angle 
	1.813
	2.932
	4.320
	6.125

	2107, V2X, UrbanGrid, [UE,RSU], 20MHz, RTT+AOA, Relative
	Angle 
	2.839
	4.462
	6.444
	9.690

	2108, V2X, UrbanGrid, [UE,RSU], 40MHz, RTT+AOA, Relative
	Angle 
	2.267
	3.393
	4.910
	7.367

	2109, V2X, UrbanGrid, [UE,RSU], 100MHz, RTT+AOA, Relative
	Angle 
	1.710
	2.750
	3.922
	5.793



Observation 8: For V2X Urban grid relative positioning between two UEs within 10m, the accuracy of less than 3m@90% can be achieved with 40MHz bandwidth for SL UE-UE only positioning.
Observation 9: For V2X Urban grid relative positioning between two UEs within 10m, BS and RSU assisted positioning could help to increase the performance, the accuracy is better than the LOS-only UE-UE positioning.
 Observation 10: For V2X Urban grid ranging, the distance accuracy of less than 0.5m@90% (requirement Set B) can be achieved with 100MHz bandwidth.
Observation 11: For V2X Urban grid ranging, the angle accuracy of less than 6°@90% can be achieved with 100MHz bandwidth for joint Uu and SL positioning.

Evaluations for Public safety use cases
General description
[bookmark: OLE_LINK47]The RSUs with height 1.5m are distributed on a square lattice with spacing 200m (4×4, 16 in total). Each component of O2O channel model (UMi) in Section A.2.1.2 of [5] reuses what is specified in [3].  The UEs to be evaluated are randomly dropped.

Absolute positioning
The evaluated cases are for FR1, and the results of SL only positioning and joint Uu/SL positioning are provided for Multi-RTT. The general description of all evaluated cases is shown in the Appendix.
The positioning error of 50%, 67%, 80%, and 90% for all cases are summarized in Table 8.
[bookmark: _Ref111039174]Table 8  Positioning accuracy (in unit of meter)
	Case number
	50%
	67%
	80%
	90%

	3001, PS, [RSU], 10MHz, RTT, Absolute
	9.402
	21.234
	40.737
	58.496

	3002, PS, [RSU], 20MHz, RTT, Absolute
	4.258
	12.351
	26.327
	40.256

	3003, PS, [RSU], 40MHz, RTT, Absolute
	1.619
	3.869
	11.990
	22.276

	3004, PS, [RSU], 100MHz, RTT, Absolute
	0.341
	0.582
	1.326
	7.742

	3005, PS, [BS,RSU,UE], 10MHz, RTT, Absolute
	10.748
	14.816
	17.752
	23.886

	3006, PS, [BS,RSU,UE], 20MHz, RTT, Absolute
	10.832
	14.823
	17.791
	23.986

	3007, PS, [BS,RSU,UE], 40MHz, RTT, Absolute
	1.795
	5.477
	12.564
	23.298

	3008, PS, [BS,RSU,UE], 100MHz, RTT, Absolute
	0.334
	0.558
	1.163
	7.555



Observation 12: For public safety absolute positioning, the accuracy requirement 1m@90% cannot be achieved.

Relative positioning and ranging
The evaluated cases are for FR1, and the results of SL UE-UE only positioning and joint UE-UE and RSU-UE positioning are provided for Multi-RTT+AOA. The largest distance between the two UEs is 20m. The general description of all evaluated cases is shown in the Appendix.
The positioning error of 50%, 67%, 80%, and 90% for all cases are summarized in Table 9. The ranging distance and angle error of 50%, 67%, 80%, and 90% for all cases are summarized in Table 10. 
[bookmark: _Ref111039190]Table 9  Positioning accuracy (in unit of meter)
	Case number
	50%
	67%
	80%
	90%

	3101, PS, [UE], 10MHz, RTT+AOA, Relative
	2.204
	3.460
	4.492
	6.049

	3102, PS, [UE], 20MHz, RTT+AOA, Relative
	0.657
	1.079
	1.575
	2.349

	3103, PS, [UE], 40MHz, RTT+AOA, Relative
	0.421
	0.607
	0.881
	1.387

	3104, PS, [UE], 100MHz, RTT+AOA, Relative
	0.172
	0.277
	0.477
	0.868

	3105, PS, [UE,RSU], 10MHz, RTT+AOA, Relative
	2.193
	3.626
	4.838
	6.983

	3106, PS, [UE,RSU], 20MHz, RTT+AOA, Relative
	0.703
	1.106
	1.622
	2.341

	3107, PS, [UE,RSU], 40MHz, RTT+AOA, Relative
	0.420
	0.617
	0.887
	1.454

	3108, PS, [UE,RSU], 100MHz, RTT+AOA, Relative
	0.208
	0.332
	0.544
	0.971



[bookmark: _Ref111039196]Table 10  Ranging with distance accuracy (in unit of meter) and angle accuracy (in unit of degree)
	Case number
	50%
	67%
	80%
	90%

	3101, PS, [UE], 10MHz, RTT+AOA, Relative
	Distance
	1.928
	3.281
	4.288
	5.420

	3102, PS, [UE], 20MHz, RTT+AOA, Relative
	Distance
	0.441
	0.746
	1.203
	1.792

	3103, PS, [UE], 40MHz, RTT+AOA, Relative
	Distance
	0.229
	0.376
	0.512
	0.808

	3104, PS, [UE], 100MHz, RTT+AOA, Relative
	Distance
	0.050
	0.083
	0.128
	0.214

	3105, PS, [UE,RSU], 10MHz, RTT+AOA, Relative
	Distance
	1.870
	3.288
	4.343
	5.522

	3106, PS, [UE,RSU], 20MHz, RTT+AOA, Relative
	Distance
	0.473
	0.784
	1.222
	1.803

	3107, PS, [UE,RSU], 40MHz, RTT+AOA, Relative
	Distance
	0.232
	0.396
	0.561
	0.869

	[bookmark: OLE_LINK50]3108, PS, [UE,RSU], 100MHz, RTT+AOA, Relative
	Distance
	0.072
	0.122
	0.191
	0.330

	Case number
	50%
	67%
	80%
	90%

	3101, PS, [UE], 10MHz, RTT+AOA, Relative
	Angle
	1.473
	2.506
	4.292
	8.371

	3102, PS, [UE], 20MHz, RTT+AOA, Relative
	Angle
	1.266
	2.135
	3.525
	6.576

	3103, PS, [UE], 40MHz, RTT+AOA, Relative
	Angle
	1.082
	1.798
	2.930
	5.127

	3104, PS, [UE], 100MHz, RTT+AOA, Relative
	Angle
	0.863
	1.498
	2.255
	4.060

	3105, PS, [UE,RSU], 10MHz, RTT+AOA, Relative
	Angle
	1.530
	2.633
	4.410
	7.983

	3106, PS, [UE,RSU], 20MHz, RTT+AOA, Relative
	Angle
	1.245
	2.111
	3.383
	5.994

	3107, PS, [UE,RSU], 40MHz, RTT+AOA, Relative
	Angle
	1.048
	1.779
	2.764
	4.771

	3108, PS, [UE,RSU], 100MHz, RTT+AOA, Relative
	Angle
	0.832
	1.405
	2.240
	3.642



Observation 13: For public safety relative positioning and ranging, the accuracy requirement 1m@90% cannot be achieved with 10MHz bandwidth.
Observation 14: For public safety relative positioning, the accuracy requirement 1m@90% can be achieved with 100MHz bandwidth.
Observation 15: For public safety ranging, the angle accuracy of less than 5°@90% can be achieved with 40MHz bandwidth for joint UE-UE and RSU-UE positioning.

Evaluations for Commercial use cases
General description
The layout parameters may reference Table 7.2-2 in [3]. RSUs with height 3m are distributed on a square lattice with spacing 20m. Each component of I2I channel model (InH) in Section A.2.1.2 of [5] reuses what is specified in TR [3].  The UEs to be evaluated are randomly dropped.

Absolute positioning
The evaluated cases are for FR1, and the results of SL only positioning are provided for Multi-RTT. The general description of all evaluated cases is shown in the Appendix.
The positioning error of 50%, 67%, 80%, and 90% for all cases are summarized in Table 11.
[bookmark: _Ref111039212]Table 11  Positioning accuracy (in unit of meter)
	Case number
	50%
	67%
	80%
	90%

	4001, Commercial, [RSU,UE], 20MHz, RTT, Absolute
	0.835
	1.219
	1.684
	2.592

	4002, Commercial, [RSU,UE], 40MHz, RTT, Absolute
	0.401
	0.556
	0.772
	1.122

	4003, Commercial, [RSU,UE], 100MHz, RTT, Absolute
	0.065
	0.098
	0.142
	0.196



Observation 16: For commercial use case absolute positioning, the accuracy of less than 1m@90% can be achieved with 100MHz bandwidth.

Relative positioning and ranging
The evaluated cases are for FR1, and the results of SL UE-UE only positioning and joint UE-UE and RSU-UE positioning are provided for Multi-RTT+AOA. The largest distance between the two UEs is 10m. The general description of all evaluated cases is shown in Appendix.
The positioning error of 50%, 67%, 80%, and 90% for all cases are summarized in Table 12. The ranging distance and angle error of 50%, 67%, 80%, and 90% for all cases are summarized in Table 13.
[bookmark: _Ref111039226]Table 12  Positioning accuracy (in unit of meter)
	Case number
	50%
	67%
	80%
	90%

	4101, Commercial, [UE], 20MHz, RTT+AOA, Relative
	0.631
	0.922
	1.316
	2.491

	4102, Commercial, [UE], 40MHz, RTT+AOA, Relative
	0.361
	0.565
	0.884
	1.676

	[bookmark: OLE_LINK31]4103, Commercial, [UE], 100MHz, RTT+AOA, Relative
	0.109
	0.176
	0.273
	0.495

	4104, Commercial, [UE,RSU], 20MHz, RTT+AOA, Relative
	0.566
	0.798
	1.057
	1.541

	4105, Commercial, [UE,RSU], 40MHz, RTT+AOA, Relative
	0.255
	0.349
	0.463
	0.667

	4106, Commercial, [UE,RSU], 100MHz,RTT+AOA, Relative
	0.060
	0.092
	0.133
	0.203



[bookmark: _Ref111039231]Table 13  Ranging with distance accuracy (in unit of meter) and angle accuracy (in unit of degree)
	Case number
	50%
	67%
	80%
	90%

	4101, Commercial, [UE], 20MHz, RTT+AOA, Relative
	Distance
	0.531
	0.732
	1.059
	1.608

	4102, Commercial, [UE], 40MHz, RTT+AOA, Relative
	Distance
	0.240
	0.433
	0.615
	1.002

	4103, Commercial, [UE], 100MHz, RTT+AOA, Relative
	Distance
	0.046
	0.065
	0.097
	0.150

	4104, Commercial, [UE,RSU], 20MHz, RTT+AOA, Relative
	Distance
	0.323
	0.533
	0.815
	1.220

	4105, Commercial, [UE,RSU], 40MHz, RTT+AOA, Relative
	Distance
	0.155
	0.234
	0.348
	0.537

	4106, Commercial, [UE,RSU], 100MHz, RTT+AOA, Relative
	Distance
	0.034
	0.055
	0.084
	0.139

	Case number
	50%
	67%
	80%
	90%

	4101, Commercial, [UE], 20MHz, RTT+AOA, Relative
	Angle
	1.384
	2.506
	4.262
	8.628

	4102, Commercial, [UE], 40MHz, RTT+AOA, Relative
	Angle
	1.046
	1.893
	3.381
	6.938

	4103, Commercial, [UE], 100MHz, RTT+AOA, Relative
	Angle
	0.765
	1.350
	2.334
	4.611

	4104, Commercial, [UE,RSU], 20MHz, RTT+AOA, Relative
	Angle
	3.159
	5.094
	7.438
	11.773

	4105, Commercial, [UE,RSU], 40MHz, RTT+AOA, Relative
	Angle
	1.581
	2.454
	3.625
	5.591

	4106, Commercial, [UE,RSU], 100MHz, RTT+AOA, Relative
	Angle
	0.416
	0.677
	1.049
	1.729



Observation 17: For commercial use case relative positioning between two UEs within 10m, the accuracy of less than 1m@90% can be achieved with 40MHz bandwidth for joint UE-UE and RSU-UE positioning.
Observation 18: For commercial use case ranging, the distance accuracy of less than 1m@90% can be achieved with 40MHz bandwidth.
Observation 19: For commercial use case ranging, the angle accuracy of less than 5°@90% can be achieved with 100MHz bandwidth.

Evaluations for IIOT use cases
General description
The scenarios to be presented in this contribution include
· InF-SH
· InF-DH
The layout parameters could reference Table 6.1-1 in [4]. The UEs to be evaluated are randomly dropped in the hall.

Absolute positioning
The evaluated cases are for FR1, and the results of SL only positioning and joint Uu/SL positioning are provided for Multi-RTT. The general description of all evaluated cases is shown in the Appendix.
The positioning error of 50%, 67%, 80%, and 90% for all cases are summarized in Table 14.
[bookmark: _Ref111039248]Table 14  Positioning accuracy (in unit of meter)
	Case number
	50%
	67%
	80%
	90%

	5001, IIOT, SH, [RSU], 20MHz, RTT, Absolute
	0.649
	0.975
	1.336
	2.084

	5002, IIOT, SH, [RSU], 40MHz, RTT, Absolute
	0.274
	0.392
	0.557
	0.791

	5003, IIOT, SH, [RSU], 100MHz, RTT, Absolute
	0.058
	0.092
	0.130
	0.182

	5004, IIOT, SH, [BS,RSU], 20MHz, RTT, Absolute
	0.046
	0.073
	0.115
	0.215

	5005, IIOT, SH, [BS,RSU], 40MHz, RTT, Absolute
	0.045
	0.072
	0.114
	0.178

	5006, IIOT, SH, [BS,RSU], 100MHz, RTT, Absolute
	0.030
	0.040
	0.057
	0.085

	5007, IIOT, DH, [RSU], 20MHz, RTT, Absolute
	0.914
	1.363
	1.835
	2.710

	5008, IIOT, DH, [RSU], 40MHz, RTT, Absolute
	0.362
	0.540
	0.735
	0.972

	5009, IIOT, DH, [RSU], 100MHz, RTT, Absolute
	0.065
	0.098
	0.135
	0.196

	5010, IIOT, DH, [BS,RSU], 20MHz, RTT, Absolute
	0.070
	0.114
	0.182
	0.320

	5011, IIOT, DH, [BS,RSU], 40MHz, RTT, Absolute
	0.065
	0.103
	0.166
	0.287

	5012, IIOT, DH, [BS,RSU], 100MHz, RTT, Absolute
	0.037
	0.052
	0.071
	0.097



Observation 20: For IIOT InF-SH absolute positioning with joint Uu/SL, the accuracy of less than 0.2m@90% (requirement Set A) can be achieved with 40MHz bandwidth.
Observation 21: For IIOT InF-DH absolute positioning, the accuracy of less than 1m@90% (requirement Set A) can be achieved with 40MHz bandwidth, and the accuracy of less than 0.2m@90% (requirement Set B) can be achieved with 100MHz bandwidth.

Relative positioning
The evaluated cases are for FR1, and the results of SL UE-UE only positioning and joint UE-UE and RSU-UE positioning are provided for Multi-RTT+AOA. The largest distance between the two UEs is 10m. The general description of all evaluated cases is shown in the Appendix.
The positioning error of 50%, 67%, 80%, and 90% for all cases are summarized in Table 15.
[bookmark: _Ref111039261]Table 15  Positioning accuracy (in unit of meter)
	Case number
	50%
	67%
	80%
	90%

	5101, IIOT, SH, [UE], 20MHz, RTT+AOA, Relative
	0.813
	1.351
	1.902
	2.555

	5102, IIOT, SH, [UE], 40MHz, RTT+AOA, Relative
	0.469
	0.713
	1.018
	1.489

	5103, IIOT, SH, [UE], 100MHz, RTT+AOA, Relative
	0.136
	0.215
	0.358
	0.899

	5104, IIOT, SH, [RSU,UE], 20MHz, RTT+AOA, Relative
	0.812
	1.224
	1.753
	2.429

	5105, IIOT, SH, [RSU,UE], 40MHz, RTT+AOA, Relative
	0.352
	0.532
	0.722
	1.022

	5106, IIOT, SH, [RSU,UE], 100MHz, RTT+AOA, Relative
	0.077
	0.123
	0.185
	0.304

	5107, IIOT, DH, [UE], 20MHz, RTT+AOA, Relative
	0.856
	1.381
	1.923
	2.596

	5108, IIOT, DH, [UE], 40MHz, RTT+AOA, Relative
	0.456
	0.672
	0.995
	1.620

	5109, IIOT, DH, [UE], 100MHz, RTT+AOA, Relative
	0.121
	0.196
	0.334
	0.844

	5110, IIOT, DH, [RSU,UE], 20MHz, RTT+AOA, Relative
	0.907
	1.425
	1.972
	2.573

	5111, IIOT, DH, [RSU,UE], 40MHz, RTT+AOA, Relative
	0.396
	0.590
	0.787
	1.095

	5112, IIOT, DH, [RSU,UE], 100MHz, RTT+AOA, Relative
	0.075
	0.116
	0.172
	0.271



Observation 22: For IIOT InF-SH or InF-DH relative positioning with joint Uu/SL, the accuracy of less than 1m@90% (requirement Set A) can be approximately achieved with 40MHz bandwidth.
Observation 23: For IIOT InF-SH or InF-DH relative positioning with joint Uu/SL, the accuracy requirement 0.2m@90% (requirement Set B) cannot be met with 100MHz bandwidth.

Conclusion
In this contribution, we provided evaluations on SL positioning including joint SL-Uu positioning. With the outcome of the evaluation, we have the following observations.
Observation 1: For V2X Highway absolute positioning, the accuracy of less than 1.5m@90% (requirement Set A) can be achieved with 40MHz bandwidth, and the accuracy of less than 0.5m@90% (requirement Set BS) can be achieved with 100MHz bandwidth.
[bookmark: _GoBack]Observation 2: For V2X Highway relative positioning between two UEs within 50m, the accuracy of less than 3m@90% can be achieved with 40MHz bandwidth for SL UE-UE only positioning.
Observation 3: For V2X Highway relative positioning between two UEs within 50m, RSU assisted positioning could help to increase the accuracy, the accuracy of less than 1.5m@90% (requirement Set A) can be achieved with 40MHz bandwidth for joint UE-UE and RSU-UE positioning.
Observation 4: For V2X Highway relative positioning between two UEs within 50m, 100MHz bandwidth cannot always met the requirement Set B.
Observation 5: For V2X Highway ranging, the distance accuracy of less than 1.5m@90% (requirement Set A) can be achieved with 20MHz bandwidth, and the distance accuracy of less than 0.5m@90% (requirement Set B) can be achieved with 40MHz bandwidth.
Observation 6: For V2X Highway ranging, the angle accuracy of less than 5°@90% can be achieved with 20MHz bandwidth for joint UE-UE and RSU-UE positioning.
Observation 7: For V2X Urban grid absolute positioning, the accuracy of less than 3m@90% can be achieved with 40MHz bandwidth for joint Uu/SL positioning, but the requirements cannot be met.
Observation 8: For V2X Urban grid relative positioning between two UEs within 10m, the accuracy of less than 3m@90% can be achieved with 40MHz bandwidth for SL UE-UE only positioning.
Observation 9: For V2X Urban grid relative positioning between two UEs within 10m, BS and RSU assisted positioning could help to increase the performance, the accuracy is better than the LOS-only UE-UE positioning.
 Observation 10: For V2X Urban grid ranging, the distance accuracy of less than 0.5m@90% (requirement Set B) can be achieved with 100MHz bandwidth.
Observation 11: For V2X Urban grid ranging, the angle accuracy of less than 6°@90% can be achieved with 100MHz bandwidth for joint Uu and SL positioning.
Observation 12: For public safety absolute positioning, the accuracy requirement 1m@90% cannot be achieved.
Observation 13: For public safety relative positioning and ranging, the accuracy requirement 1m@90% cannot be achieved with 10MHz bandwidth.
Observation 14: For public safety relative positioning, the accuracy requirement 1m@90% can be achieved with 100MHz bandwidth.
Observation 15: For public safety ranging, the angle accuracy of less than 5°@90% can be achieved with 40MHz bandwidth for joint UE-UE and RSU-UE positioning.
Observation 16: For commercial use case absolute positioning, the accuracy of less than 1m@90% can be achieved with 100MHz bandwidth.
Observation 17: For commercial use case relative positioning between two UEs within 10m, the accuracy of less than 1m@90% can be achieved with 40MHz bandwidth for joint UE-UE and RSU-UE positioning.
Observation 18: For commercial use case ranging, the distance accuracy of less than 1m@90% can be achieved with 40MHz bandwidth.
Observation 19: For commercial use case ranging, the angle accuracy of less than 5°@90% can be achieved with 100MHz bandwidth.
Observation 20: For IIOT InF-SH absolute positioning with joint Uu/SL, the accuracy of less than 0.2m@90% (requirement Set A) can be achieved with 40MHz bandwidth.
Observation 21: For IIOT InF-DH absolute positioning, the accuracy of less than 1m@90% (requirement Set A) can be achieved with 40MHz bandwidth, and the accuracy of less than 0.2m@90% (requirement Set B) can be achieved with 100MHz bandwidth.
Observation 22: For IIOT InF-SH or InF-DH relative positioning with joint Uu/SL, the accuracy of less than 1m@90% (requirement Set A) can be approximately achieved with 40MHz bandwidth.
Observation 23: For IIOT InF-SH or InF-DH relative positioning with joint Uu/SL, the accuracy requirement 0.2m@90% (requirement Set B) cannot be met with 100MHz bandwidth.
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Appendix
This appendix shows all evaluated cases in the contribution.
	Case number
	Enable UE-type RSUs or not
	Enable BSs or not
	Bandwidth of SL (MHz)
	UE-type RSUs distribution
	LOS state between two UEs

	1001, V2X, Highway, Absolute
	Yes
	No
	20
	200m spacing on both sides of highway symmetrically
	/

	1002
	Yes
	No
	40
	
	/

	1003
	Yes
	No
	100
	
	/

	1004
	Yes
	Yes (UMa)
	20
	
	/

	1005
	Yes
	Yes (UMa)
	40
	
	/

	1006
	Yes
	Yes (UMa)
	100
	
	/

	1007
	Yes
	No
	20
	Staggered on both sides of the highway with distance of 200m
	/

	1008
	Yes
	No
	40
	
	/

	1009
	Yes
	No
	100
	
	/

	1101, V2X, Highway, Relative
	No
	No
	20
	/
	LOS, NLOSv

	1102
	No
	No
	40
	/
	

	1103
	No
	No
	100
	/
	

	1104
	No
	No
	20
	/
	LOS

	1105
	No
	No
	40
	/
	

	1106
	No
	No
	100
	/
	

	1107
	Yes
	No
	20
	200m spacing on both sides of highway symmetrically
	LOS, NLOSv

	1108
	Yes
	No
	40
	
	

	1109
	Yes
	No
	100
	
	

	2001, V2X, UrbanGrid, Absolute
	Yes
	No
	20
	In the middle of the crossroads
	/

	2002
	Yes
	No
	40
	
	/

	2003
	Yes
	No
	100
	
	/

	2004
	Yes
	Yes (UMa)
	20
	
	/

	2005
	Yes
	Yes (UMa)
	40
	
	/

	2006
	Yes
	Yes (UMa)
	100
	
	/

	2101, V2X, UrbanGrid, Relative
	No
	No
	20
	/
	LOS, NLOSv

	2102
	No
	No
	40
	/
	

	2103
	No
	No
	100
	/
	

	2104
	No
	No
	20
	/
	LOS

	2105
	No
	No
	40
	/
	

	2106
	No
	No
	100
	/
	

	2107
	Yes
	Yes (UMa)
	20
	In the middle of the crossroads
	LOS, NLOSv

	2108
	Yes
	Yes (UMa)
	40
	
	

	2109
	Yes
	Yes (UMa)
	100
	
	

	3001, PS, Absolute
	Yes
	No
	10
	Distributed on a square lattice with spacing 200m (4×4, 16 in total)

	/

	3002
	Yes
	No
	20
	
	/

	3003
	Yes
	No
	40
	
	/

	3004
	Yes
	No
	100
	
	/

	3005
	Yes
	Yes (UMa)
	10
	
	/

	3006
	Yes
	Yes (UMa)
	20
	
	/

	3007
	Yes
	Yes (UMa)
	40
	
	/

	3008
	Yes
	Yes (UMa)
	100
	
	/

	3101, PS, Relative
	No
	No
	10
	/
	LOS

	3102
	No
	No
	20
	/
	LOS

	3103
	No
	No
	40
	/
	LOS

	3104
	No
	No
	100
	/
	LOS

	3105
	Yes
	No
	10
	Distributed on a square lattice with spacing 200m (4×4, 16 in total)

	LOS

	3106
	Yes
	No
	20
	
	LOS

	3107
	Yes
	No
	40
	
	LOS

	3108
	Yes
	No
	100
	
	LOS

	4001, Commercial, Absolute
	Yes
	No
	20
	Distributed on a square lattice with spacing 20m in InH.
	/

	4002
	Yes
	No
	40
	
	/

	4003
	Yes
	No
	100
	
	/

	4101, Commercial Relative
	No
	No
	20
	/
	LOS

	4102
	No
	No
	40
	/
	LOS

	4103
	No
	No
	100
	/
	LOS

	4104
	Yes
	No
	20
	Distributed on a square lattice with spacing 20m in InH.
	LOS

	4105
	Yes
	No
	40
	
	LOS

	4106
	Yes
	No
	100
	
	LOS

	5001, IIoT, InF-SH, Absolute
	Yes
	No
	20
	Distributed on a square lattice with spacing D near the wall and at the center of each square of 4 BSs (4×7, 28 in total)
InF-SH: D=50m
InF-DH: D=20m
	/

	5002
	Yes
	No
	40
	
	/

	5003
	Yes
	No
	100
	
	/

	5004
	Yes
	Yes
	20
	
	/

	5005
	Yes
	Yes
	40
	
	/

	5006
	Yes
	Yes
	100
	
	/

	5007, IIoT, InF-DH, Absolute
	Yes
	No
	20
	
	/

	5008, 
	Yes
	No
	40
	
	/

	5009
	Yes
	No
	100
	
	/

	5010
	Yes
	Yes
	20
	
	/

	5011
	Yes
	Yes
	40
	
	/

	5012
	Yes
	Yes
	100
	
	/

	5101, IIoT, InF-SH, Relative
	No
	No
	20
	Distributed on a square lattice with spacing D near the wall and at the center of each square of 4 BSs (4×7, 28 in total)
InF-SH: D=50m
InF-DH: D=20m 
	LOS, NLOS

	5102
	No
	No
	40
	
	LOS, NLOS

	5103
	No
	No
	100
	
	LOS, NLOS

	5104
	Yes
	No
	20
	
	LOS, NLOS

	5105
	Yes
	No
	40
	
	LOS, NLOS

	5106
	Yes
	No
	100
	
	LOS, NLOS

	5107, IIoT, InF-DH, Relative
	No
	No
	20
	
	LOS, NLOS

	5108
	No
	No
	40
	
	LOS, NLOS

	5109
	No
	No
	100
	
	LOS, NLOS

	5110
	Yes
	No
	20
	
	LOS, NLOS

	5111
	Yes
	No
	40
	
	LOS, NLOS

	5112
	Yes
	No
	100
	
	LOS, NLOS



