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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 a typical scenario of InF, InF-SH 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, 2, 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

	X
	50
	100
	150
	200
	300
	100
	100
	-

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

	Rx antenna number
	4
	4
	4
	4
	4
	4
	4
	4


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 15
	Case 16
	Case 17
	Case 18
	Case 19
	Case 20

	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 21
	Case 22
	Case 23
	Case 24
	Case 25
	Case 26
	Case 27
	Case 28

	X
	20
	30
	50
	80
	100
	150
	30
	30

	Bandwidth
	40MHz
	40MHz
	40MHz
	40MHz
	40MHz
	40MHz
	20MHz
	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.
Table 2.1-6 Evaluation parameters for absolute positioning in InF-SH scenario
	Parameters
	Case 29
	Case 30
	Case 31
	Case 32
	Case 33
	Case 34

	Anchor nodes
	Joint
	Joint
	Joint
	SL only
	SL only
	SL only

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


Table 2.1-7 Evaluation parameters for relative positioning in InF-SH scenario
	Parameters
	Case 35
	Case 36
	Case 37
	Case 38
	Case 39
	Case 40

	X
	10
	20
	30
	50
	10
	10

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


Evaluation parameters for absolute positioning in public safety use case are provided in Table 2.1-8. Evaluation parameters for relative positioning in public safety use case are provided in Table 2.1-9.
Table 2.1-8 Evaluation parameters for absolute positioning in public safety use case
	Parameters
	Case 41
	Case 42
	Case 43
	Case 44
	Case 45
	Case 46

	Anchor nodes
	Joint
	Joint
	Joint
	SL only
	SL only
	SL only

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

	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
	7 reference UEs per sector 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


Table 2.1-9 Evaluation parameters for absolute positioning in public safety use case
	Parameters
	Case 47
	Case 48
	Case 49
	Case 50

	X
	100
	50
	50
	50

	Bandwidth
	40MHz
	40MHz
	100MHz
	20MHz


Evaluation parameters for absolute positioning in commercial use case are provided in Table 2.1-10. Evaluation parameters for relative positioning in commercial use case are provided in Table 2.1-11.
Table 2.1-10 Evaluation parameters for absolute positioning in commercial use case
	Parameters
	Case 51
	Case 52
	Case 53
	Case 54
	Case 55
	Case 56

	Anchor nodes
	Joint
	Joint
	Joint
	SL only
	SL only
	SL only

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

	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
	12 reference 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


Table 2.1-11 Evaluation parameters for absolute positioning in commercial use case
	Parameters
	Case 57
	Case 58
	Case 59
	Case 60
	Case 61

	X
	10
	20
	50
	10
	10

	Bandwidth
	40MHz
	40MHz
	40MHz
	100MHz
	20MHz


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, Table 2.2.1-3 and Table 2.2.1-4 show the CDF errors of simulation results for relative positioning in highway scenario, involving ranging accuracy and direction accuracy.
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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
	Whether meet the requirement of Set B

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

	Case 2-Joint positioning, BW=40MHz
	0.3517
	0.4583
	0.6207
	0.7354
	Yes
	No
67% of UEs satisfying the requirement of Set B

	Case 3-Joint positioning, BW=20MHz
	0.6651
	0.8498
	1.104
	1.287
	Yes
	No
Less than 50% of UEs satisfying the requirement of Set B

	Case 4-SL positioning, BW=100MHz
	0.2397
	0.3952
	0.5869
	0.8348
	Yes
	No
67% of UEs satisfying the requirement of Set B

	Case 5-SL positioning, BW=40MHz
	0.6787
	1.02
	1.412
	2.343
	No
80% of UEs satisfying the requirement of Set A
	No
Less than 50% of UEs satisfying the requirement of Set B

	Case 6-SL positioning, BW=20MHz
	1.013
	1.542
	2.405
	3.08
	No
50% of UEs satisfying the requirement of Set A
	No
Less than 50% of UEs satisfying the requirement of Set B


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
	Whether meet the requirement of Set B

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

	Case 2-Joint positioning, BW=40MHz
	1.423
	1.57
	2.965
	4.481
	No
80% of UEs satisfying the requirement of Set A
	No
67% of UEs satisfying the requirement of Set B

	Case 3-Joint positioning, BW=20MHz
	2.725
	7.534
	9.946
	12.76
	No
50% of UEs satisfying the requirement of Set A
	No
Less than 50% of UEs satisfying the requirement of Set B

	Case 4-SL positioning, BW=100MHz
	7.236
	8.714
	9.927
	11.81
	No
Less than 50% of UEs satisfying the requirement of Set A
	No
Less than 50% of UEs satisfying the requirement of Set B

	Case 5-SL positioning, BW=40MHz
	9.216
	10.73
	12.47
	14.64
	No
Less than 50% of UEs satisfying the requirement of Set A
	No
Less than 50% of UEs satisfying the requirement of Set B

	Case 6-SL positioning, BW=20MHz
	12.12
	14.2
	17.62
	23.06
	No
Less than 50% of UEs satisfying the requirement of Set A
	No
Less than 50% of UEs satisfying the requirement of Set B
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Figure 2.2.1-2 Curves of CDF errors for relative positioning in highway scenario
Table 2.2.1-3 CDF errors for relative positioning in highway scenario-ranging accuracy
	Case
	50%
	67%
	80%
	90%
	Whether meet the requirement of Set A
	Whether meet the requirement of Set B

	Case 7, X=50m, BW=40M
	0.1995
	0.2837
	0.3862
	0.5556
	Yes
	No
80% of UEs satisfying the requirement of Set B

	Case 8, X=100m, BW=40M
	0.2075
	0.2909
	0.4125
	0.6223
	Yes
	No
80% of UEs satisfying the requirement of Set B

	Case 9, X=150m, BW=40M
	0.2097
	0.2945
	0.4125
	0.6555
	Yes
	No
80% of UEs satisfying the requirement of Set B

	Case10, X=200m, BW=40M
	0.2124
	0.2984
	0.4185
	0.6714
	Yes
	No
80% of UEs satisfying the requirement of Set B

	Case 11, X=300m, BW=40M
	0.2284
	0.3285
	0.4564
	0.7286
	Yes
	No
80% of UEs satisfying the requirement of Set B

	Case 12, X=100m, BW=20M
	0.4145
	0.5466
	0.8197
	1.173
	Yes
	No
50% of UEs satisfying the requirement of Set B

	Case 13, X=100m, BW=100M
	0.1112
	0.1611
	0.2239
	0.3187
	Yes
	Yes


Table 2.2.1-4 CDF errors for relative positioning in highway scenario-angle accuracy
	Case
	50%
	67%
	80%
	90%
	Whether meet the requirement of Set A
	Whether meet the requirement of Set B

	Case 14, BW=40M, 1Tx antenna, 4Rx antenna
	2.564
	3.604
	4.815
	7.269
	Yes
	Yes


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 the CDF errors of simulation results for relative positioning 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
	Whether meet the requirement of Set B

	Case 15-Joint positioning, BW=100MHz
	0.1718
	0.226
	0.2865
	0.3423
	Yes
	Yes

	Case 16-Joint positioning, BW=40MHz
	0.6298
	0.9333
	1.325
	1.918
	No
80% of UEs satisfying the requirement of Set A
	No
Less than 50% of UEs satisfying the requirement of Set B

	Case 17-Joint positioning, BW=20MHz
	1.038
	1.368
	1.772
	2.247
	No
67% of UEs satisfying the requirement of Set A
	No
Less than 50% of UEs satisfying the requirement of Set B

	Case 18-SL positioning, BW=100MHz
	1.764
	3.569
	6.164
	8.403
	No
Less than 50% of UEs satisfying the requirement of Set A
	No
Less than 50% of UEs satisfying the requirement of Set B

	Case 19-SL positioning, BW=40MHz
	6.644
	8.542
	10.95
	13.28
	No
Less than 50% of UEs satisfying the requirement of Set A
	No
Less than 50% of UEs satisfying the requirement of Set B

	Case 20-SL positioning, BW=20MHz
	7.035
	9.373
	12.75
	16.08
	No
Less than 50% of UEs satisfying the requirement of Set A
	No
Less than 50% of UEs satisfying the requirement of Set B
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Figure 2.2.2-2 Curves of CDF errors for relative positioning in urban grid scenario
Table 2.2.2-2 CDF errors for relative positioning in urban grid scenario-ranging accuracy
	Case
	50%
	67%
	80%
	90%
	Whether meet the requirement of Set A
	Whether meet the requirement of Set B

	Case 21, X=20m, BW=40M
	0.3272
	0.5479
	0.7734
	1.014
	Yes
	No
50% of UEs satisfying the requirement of Set B

	Case 22, X=30m, BW=40M
	0.3559
	0.5654
	0.8703
	1.413
	Yes
	No
50% of UEs satisfying the requirement of Set B

	Case 23, X=50m, BW=40M
	0.4467
	0.752
	1.11
	2.59
	No
80% of UEs satisfying the requirement of Set A
	No
50% of UEs satisfying the requirement of Set B

	Case 24, X=80m, BW=40M
	0.4828
	0.8532
	1.587
	6.793
	No
67% of UEs satisfying the requirement of Set A
	No
50% of UEs satisfying the requirement of Set B

	Case 25, X=100m, BW=40M
	0.4975
	0.9022
	1.771
	7.139
	No
67% of UEs satisfying the requirement of Set A
	No
50% of UEs satisfying the requirement of Set B

	Case 26, X=150m, BW=40M
	0.5553
	1.016
	2.296
	8.547
	No
67% of UEs satisfying the requirement of Set A
	No
Less than 50% of UEs satisfying the requirement of Set B

	Case 27, X=30m, BW=20M
	0.7525
	1.151
	1.785
	2.782
	No
67% of UEs satisfying the requirement of Set A
	No
Less than 50% of UEs satisfying the requirement of Set B

	Case 28, X=30m, BW=100M
	0.1813
	0.2942
	0.444
	0.752
	Yes
	No
80% of UEs satisfying the requirement of Set B


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 the CDF errors of simulation results for relative positioning in InF-SH 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
	Whether meet the requirement of Set B

	Case 29-Joint positioning, BW=100MHz
	0.1926
	0.318
	0.4258
	0.5778
	Yes
	No
50% of UEs satisfying the requirement of Set B

	Case 30-Joint positioning, BW=40MHz
	0.5303
	0.6574
	0.8311
	1.07
	No
80% of UEs satisfying the requirement of Set A
	No
Less than 50% of UEs satisfying the requirement of Set B

	Case 31-Joint positioning, BW=20MHz
	0.9272
	1.271
	1.675
	2.197
	No
50% of UEs satisfying the requirement of Set A
	No
Less than 50% of UEs satisfying the requirement of Set B

	Case 32-SL positioning, BW=100MHz
	0.2535
	0.3424
	0.5115
	0.7894
	Yes
	No
Less than 50% of UEs satisfying the requirement of Set B

	Case 33-SL positioning, BW=40MHz
	0.4399
	0.5695
	1.8338
	1.257
	No
67% of UEs satisfying the requirement of Set A
	No
Less than 50% of UEs satisfying the requirement of Set B

	Case 34-SL positioning, BW=20MHz
	1.003
	1.398
	1.961
	3.265
	No
Less than 50% of UEs satisfying the requirement of Set A
	No
Less than 50% of UEs satisfying the requirement of Set B
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Figure 2.2.3-2 Curves of CDF errors for relative positioning 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
	Whether meet the requirement of Set B

	Case 35, X=10m, BW=40M
	0.3471
	0.5429
	0.8562
	1.304
	No
80% of UEs satisfying the requirement of Set A
	No
Less than 50% of UEs satisfying the requirement of Set B

	Case 36, X=20m, BW=40M
	0.3692
	0.5666
	0.8597
	1.271
	No
80% of UEs satisfying the requirement of Set A
	No
Less than 50% of UEs satisfying the requirement of Set B

	Case 37, X=30m, BW=40M
	0.3548
	0.568
	0.8629
	1.295
	No
80% of UEs satisfying the requirement of Set A
	No
Less than 50% of UEs satisfying the requirement of Set B

	Case 38, X=50m, BW=40M
	0.3572
	0.5733
	0.8861
	1.481
	No
80% of UEs satisfying the requirement of Set A
	No
Less than 50% of UEs satisfying the requirement of Set B

	Case 39, X=10m, BW=20M
	0.7925
	1.2
	1.81
	2.536
	No
50% of UEs satisfying the requirement of Set A
	No
Less than 50% of UEs satisfying the requirement of Set B

	Case 40, X=10m, BW=100M
	0.1741
	0.2776
	0.3925
	0.714
	Yes
	No
50% of UEs satisfying the requirement of Set B


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.
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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

	Case 41-Joint positioning, BW=100MHz
	0.2579
	0.336
	0.4202
	0.4901
	Yes

	Case 42-Joint positioning, BW=40MHz
	0.6138
	0.4337
	1.515
	2.421
	No
67% of UEs satisfying the requirement

	Case 43-Joint positioning, BW=20MHz
	1.757
	2.441
	2.802
	4.883
	No
Less than 50% of UEs satisfying the requirement

	Case 44-SL positioning, BW=100MHz
	0.3222
	0.4337
	0.5335
	0.7002
	Yes

	Case 45-SL positioning, BW=40MHz
	0.7694
	1.177
	1.545
	2.571
	No
50% of UEs satisfying the requirement

	Case 46-SL positioning, BW=20MHz
	1.958
	2.622
	3.89
	5.891
	No
Less than 50% of UEs satisfying the requirement


[image: relative_PublicSafety][image: relative_PublicSafety_20M_40M_100M-50m]
Figure 2.2.4-2 Curves of CDF errors for relative positioning 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

	Case 47, X=100m, BW=40M
	0.4947
	0.8056
	1.132
	1.696
	No
67% of UEs satisfying the requirement

	Case 48, X=50m, BW=40M
	0.4626
	0.7163
	1.013
	1.358
	No
67% of UEs satisfying the requirement

	Case 49, X=50m, BW=100M
	0.2806
	0.3966
	0.5738
	0.9514
	Yes

	Case 50, X=50m, BW=20M
	1.003
	1.65
	2.306
	3.506
	No
Less than 50% of UEs satisfying the requirement


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 the CDF errors of simulation results for relative positioning in commercial use case.
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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

	Case 51-Joint positioning, BW=100MHz
	0.1804
	0.2366
	0.3077
	0.4194
	Yes

	Case 52-Joint positioning, BW=40MHz
	0.542
	0.7887
	1.032
	1.611
	No
67% of UEs satisfying the requirement

	Case 53-Joint positioning, BW=20MHz
	0.8807
	1.303
	1.924
	3.138
	No
50% of UEs satisfying the requirement

	Case 54-SL positioning, BW=100MHz
	0.2097
	0.2911
	0.3851
	0.6686
	Yes

	Case 55-SL positioning, BW=40MHz
	0.5396
	0.76
	1.124
	1.877
	No
67% of UEs satisfying the requirement

	Case 56-SL positioning, BW=20MHz
	1.061
	1.484
	2.199
	3.628
	No
Less than 50% of UEs satisfying the requirement
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Figure 2.2.5-2 Curves of CDF errors for relative positioning in commercial use case
Table 2.2.5-2 CDF errors for relative positioning in commercial use case-ranging accuracy
	Case
	50%
	67%
	80%
	90%
	Whether meet the requirement

	Case 57, X=10m, BW=40M
	0.3252
	0.557
	0.8612
	1.324
	No
80% of UEs satisfying the requirement

	Case 58, X=20m, BW=40M
	0.3983
	0.6607
	1.092
	2.305
	No
67% of UEs satisfying the requirement

	Case 59, X=50m, BW=40M
	0.5044
	1.016
	2.42
	5.85
	No
50% of UEs satisfying the requirement

	Case 60, X=10m, BW=100M
	0.1622
	0.2491
	0.3483
	0.51
	Yes

	Case 61, X=10m, BW=20M
	0.6704
	1.039
	1.489
	2.358
	No
50% of UEs satisfying the requirement


3 Summary of Sidelink Positioning Evaluations
3.1 Evaluation of Bandwidth Requirements to meet Identified Accuracy Requirements
Observation 1: With increasing of bandwidth, the positioning accuracy increases for both absolute positioning and relative positioning/ranging.
· For absolute positioning in highway scenario, the horizontal accuracy of joint positioning technique can satisfy the requirement of Set A without bandwidth limitation and satisfy the requirement of Set B with bandwidth 100MHz, the vertical accuracy of joint positioning technique can satisfy the requirement of Set A and Set B with bandwidth 100MHz. For SL only positioning, the horizontal accuracy satisfies the requirement of Set A with bandwidth 100MHz and cannot satisfy the requirement of Set B.
· For relative positioning in highway scenario, the ranging accuracy can satisfy the requirement of Set A without bandwidth limitation and distance X limitation. When X is no larger than 100m and bandwidth is 100MHz, the ranging accuracy can satisfy the requirement of Set B.
· For absolute positioning in urban grid scenario, the horizontal accuracy of joint positioning technique can satisfy the requirement of Set A and Set B with bandwidth 100MHz. For SL only positioning, the horizontal accuracy cannot satisfy any of the requirement.
· For relative positioning in urban grid scenario, the ranging accuracy can satisfy the requirement of Set A with distance X<=30m and bandwidth>40MHz, cannot satisfy the requirement of Set B.
· For absolute positioning in InF-SH scenario, the horizontal accuracy of joint positioning technique can satisfy the requirement of Set A with bandwidth 100MHz and cannot satisfy the requirement of Set B. For SL only positioning, the horizontal accuracy satisfies the requirement of Set A with bandwidth 100MHz and cannot satisfy the requirement of Set B.
· For relative positioning in InF-SH scenario, the ranging accuracy can satisfy the requirement of Set A when distance X<=10m and bandwidth =100MHz.
· For absolute positioning in public safety use case, the horizontal accuracy of joint positioning technique can satisfy the requirement with bandwidth 100MHz. For SL only positioning, the horizontal accuracy satisfies the requirement with bandwidth 100MHz.
· For relative positioning in public safety use case, the ranging accuracy can satisfy the requirement when distance X<=50m and bandwidth =100MHz.
· For absolute positioning in commercial use case, the horizontal accuracy of joint positioning technique can satisfy the requirement with bandwidth 100MHz. For SL only positioning, the horizontal accuracy satisfies the requirement with bandwidth 100MHz.
· For relative positioning in commercial use case, the ranging accuracy can satisfy the requirement when distance X<=10m and bandwidth =100MHz.
3.2 Evaluation of Absolute Positioning, Relative Positioning, and Ranging Methods
Observation 2: SL positioning is helpful to increase absolute positioning accuracy
Observation 3: Compared with SL only positioning technique, joint positioning technique combined with Uu measurements and SL measurements can obviously improve positioning accuracy.
· In highway scenario, the horizontal accuracy of joint positioning technique can satisfy the requirement of Set A without bandwidth limitation, but SL only positioning can satisfy the requirement of Set A with bandwidth 100MHz.
· In urban grid scenario, the horizontal accuracy of joint positioning technique can satisfy the requirement of Set A with bandwidth 100MHz, but SL only positioning cannot satisfy the requirement of Set A with bandwidth 100MHz.
· In InF-SH scenario, the horizontal accuracy of joint positioning technique with bandwidth 100MHz is 0.5778 for 90% of UEs, but that of SL only positioning with bandwidth 100MHz is 0.7894 for 90% of UEs.
· In public safety use case, the horizontal accuracy of joint positioning technique with bandwidth 100MHz is 0.4901 for 90% of UEs, but that of SL only positioning with bandwidth 100MHz is 0.7002 for 90% of UEs.
· In commercial use case, the horizontal accuracy of joint positioning technique with bandwidth 100MHz is 0.4194 for 90% of UEs, but that of SL only positioning with bandwidth 100MHz is 0.6686 for 90% of UEs.
Observation 4: SL positioning facilitates and/or enables relative positioning/ ranging between two UEs.
Observation 5: With increasing of the X value, the relative positioning accuracy decreases.
· In highway scenario, the ranging accuracy with bandwidth 40MHz is 0.5556 for 90% of UEs when X is 50m, but the ranging accuracy with bandwidth 40MHz decreases to 0.7286 for 90% of UEs when X is 300m.
· In urban grid scenario, the ranging accuracy with bandwidth 40MHz is 1.014 for 90% of UEs when X is 20m, but the ranging accuracy with bandwidth 40MHz decreases to 8.547 for 90% of UEs when X is 150m.
· In InF-SH scenario, the ranging accuracy with bandwidth 40MHz is 1.304 for 90% of UEs when X is 10m, but the ranging accuracy with bandwidth 40MHz decreases to 1.481 for 90% of UEs when X is 50m.
· In public safety use case, the ranging accuracy with bandwidth 40MHz is 1.358 for 90% of UEs when X is 50m, but the ranging accuracy with bandwidth 40MHz decreases to 1.696 for 90% of UEs when X is 100m.
· In commercial use case, the ranging accuracy with bandwidth 40MHz is 1.324 for 90% of UEs when X is 10m, but the ranging accuracy with bandwidth 40MHz decreases to 5.85 for 90% of UEs when X is 50m.
4 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: With increasing of bandwidth, the positioning accuracy increases for both absolute positioning and relative positioning/ranging.
· For absolute positioning in highway scenario, the horizontal accuracy of joint positioning technique can satisfy the requirement of Set A without bandwidth limitation and satisfy the requirement of Set B with bandwidth 100MHz, the vertical accuracy of joint positioning technique can satisfy the requirement of Set A and Set B with bandwidth 100MHz. For SL only positioning, the horizontal accuracy satisfies the requirement of Set A with bandwidth 100MHz and cannot satisfy the requirement of Set B.
· For relative positioning in highway scenario, the ranging accuracy can satisfy the requirement of Set A without bandwidth limitation and distance X limitation. When X is no larger than 100m and bandwidth is 100MHz, the ranging accuracy can satisfy the requirement of Set B.
· For absolute positioning in urban grid scenario, the horizontal accuracy of joint positioning technique can satisfy the requirement of Set A and Set B with bandwidth 100MHz. For SL only positioning, the horizontal accuracy cannot satisfy any of the requirement.
· For relative positioning in urban grid scenario, the ranging accuracy can satisfy the requirement of Set A with distance X<=30m and bandwidth>40MHz, cannot satisfy the requirement of Set B.
· For absolute positioning in InF-SH scenario, the horizontal accuracy of joint positioning technique can satisfy the requirement of Set A with bandwidth 100MHz and cannot satisfy the requirement of Set B. For SL only positioning, the horizontal accuracy satisfies the requirement of Set A with bandwidth 100MHz and cannot satisfy the requirement of Set B.
· For relative positioning in InF-SH scenario, the ranging accuracy can satisfy the requirement of Set A when distance X<=10m and bandwidth =100MHz.
· For absolute positioning in public safety use case, the horizontal accuracy of joint positioning technique can satisfy the requirement with bandwidth 100MHz. For SL only positioning, the horizontal accuracy satisfies the requirement with bandwidth 100MHz.
· For relative positioning in public safety use case, the ranging accuracy can satisfy the requirement when distance X<=50m and bandwidth =100MHz.
· For absolute positioning in commercial use case, the horizontal accuracy of joint positioning technique can satisfy the requirement with bandwidth 100MHz. For SL only positioning, the horizontal accuracy satisfies the requirement with bandwidth 100MHz.
· For relative positioning in commercial use case, the ranging accuracy can satisfy the requirement when distance X<=10m and bandwidth =100MHz.
Observation 2: SL positioning is helpful to increase absolute positioning accuracy
Observation 3: Compared with SL only positioning technique, joint positioning technique combined with Uu measurements and SL measurements can obviously improve positioning accuracy.
· In highway scenario, the horizontal accuracy of joint positioning technique can satisfy the requirement of Set A without bandwidth limitation, but SL only positioning can satisfy the requirement of Set A with bandwidth 100MHz.
· In urban grid scenario, the horizontal accuracy of joint positioning technique can satisfy the requirement of Set A with bandwidth 100MHz, but SL only positioning cannot satisfy the requirement of Set A with bandwidth 100MHz.
· In InF-SH scenario, the horizontal accuracy of joint positioning technique with bandwidth 100MHz is 0.5778 for 90% of UEs, but that of SL only positioning with bandwidth 100MHz is 0.7894 for 90% of UEs.
· In public safety use case, the horizontal accuracy of joint positioning technique with bandwidth 100MHz is 0.4901 for 90% of UEs, but that of SL only positioning with bandwidth 100MHz is 0.7002 for 90% of UEs.
· In commercial use case, the horizontal accuracy of joint positioning technique with bandwidth 100MHz is 0.4194 for 90% of UEs, but that of SL only positioning with bandwidth 100MHz is 0.6686 for 90% of UEs.
Observation 4: SL positioning facilitates and/or enables relative positioning/ ranging between two UEs.
Observation 5: With increasing of the X value, the relative positioning accuracy decreases.
· In highway scenario, the ranging accuracy with bandwidth 40MHz is 0.5556 for 90% of UEs when X is 50m, but the ranging accuracy with bandwidth 40MHz decreases to 0.7286 for 90% of UEs when X is 300m.
· In urban grid scenario, the ranging accuracy with bandwidth 40MHz is 1.014 for 90% of UEs when X is 20m, but the ranging accuracy with bandwidth 40MHz decreases to 8.547 for 90% of UEs when X is 150m.
· In InF-SH scenario, the ranging accuracy with bandwidth 40MHz is 1.304 for 90% of UEs when X is 10m, but the ranging accuracy with bandwidth 40MHz decreases to 1.481 for 90% of UEs when X is 50m.
· In public safety use case, the ranging accuracy with bandwidth 40MHz is 1.358 for 90% of UEs when X is 50m, but the ranging accuracy with bandwidth 40MHz decreases to 1.696 for 90% of UEs when X is 100m.
· [bookmark: _GoBack]In commercial use case, the ranging accuracy with bandwidth 40MHz is 1.324 for 90% of UEs when X is 10m, but the ranging accuracy with bandwidth 40MHz decreases to 5.85 for 90% of UEs when X is 50m.
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