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1 [bookmark: _Ref47362130][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The methodology for sidelink positioning has been discussed in last meeting and major issues have been achieved to conclusions. Some major agreements are shown in the following table. In this contribution, remeaning issue of methodology is discussed and initial simulation results are provided based on the evaluation methodology.
	[bookmark: _Hlk101519030]Agreement
For SL positioning evaluation in highway and urban grid scenarios, UE dropping option A defined in section 6.1.2 of TR 37.885 is used, i.e.
· UE dropping option A is used for the highway scenario:
· Vehicle type distribution: 100% vehicle type 2.
· Clustered dropping is not used.
· Vehicle speed is 140 km/h in all the lanes as baseline and 70 km/h in all the lanes optionally.
· UE dropping option A is used for the urban grid scenario:
· Vehicle type distribution: 100% vehicle type 2.
· Clustered dropping is not used.
· Vehicle speed is 60 km/h in all the lanes.
· In the intersection, a UE goes straight, turns left, turns right with the probability of 0.5, 0.25, 0.25, respectively.
 
Agreement
For SL positioning evaluation in highway and urban grid scenarios, antenna model follows the description in TR 37.885 section 6.1.4.
· Vehicle UE option 1 is the baseline (Vehicle UE antenna is modelled in Table 6.1.4-8 and 6.1.4-9 in TR 37.885)
· Vehicle UE option 2 (two panels) can be optionally selected by companies

Agreement
· For SL absolute positioning evaluation in highway scenario, the following options are supported
· Alt 1 as optional: BS and UE-type RSU deployment follows TR 36.885, where wrap around method of 19*3 hexagonal cells with 500m ISD in Figure A.1.3-3 of TR 36.885 section A.1.3 is used. 
· Alt 2 as baseline: BSs are disabled, UE-type RSUs are uniformly located with 200m spacing on both sides of highway symmetrically. 
· Optional: staggered/unsymmetrical UE-type RSU distribution like 
[image: ]
· For SL absolute positioning evaluation in urban grid scenario, BS and UE-type RSU deployment follows the description in TR 36.885 section A.1.3.
· Companies can provide additional BS/ UE-type RSU deployment, e.g. additional UE-type RSUs are added to UE-type RSU deployment in TR 36.885
Note: For absolute positioning in highway, Alt 1 is assumed for evaluation of joint Uu/SL positioning, Alt 2 is assumed for evaluation of SL only positioning.

Agreement
· For evaluation of relative positioning or ranging in highway scenario
· BSs are disabled, 
· UE type RSU may be disabled (as baseline) or enabled (as optional)
· If enabled, UE-type RSUs are uniformly located with 200m spacing on both sides of highway symmetrically.
· Optional: staggered/unsymmetrical UE-type RSU distribution like 
[image: ]
· For evaluation of relative positioning or ranging in urban grid scenario 
· BSs are disabled (baseline), or enabled (optional)
· companies should report their assumption
· UE type RSU may be disabled or enabled (companies should report their assumption)
· If enabled, UE type RSU deployment follows the description in TR 36.885 section A.1.3.
· If enabled, companies can provide additional RSU deployment, e.g. additional RSUs are added to RSU deployment in TR 36.885

Agreement
For SL positioning evaluation for IIOT use cases, InF-SH and/or InF-DH defined in TR 38.857 are used

Agreement
For SL positioning evaluation on indoor factory scenarios, companies can select one of the following options for UE-2-UE channel model
· Option 1: BS-2-UE channel model defined in TR 38.901 is revised
· The UE parameters in the channel model defined in 38.901, e.g. UE height, antenna model, transmit power are used to replace gNB’s corresponding parameters.
· Anchor UE height should be reported by companies, e.g. anchor UE height is the same as TRP.
· Option 2: D2D channel mode from 36.843 A.2.1.2 is used


2 Evaluation methodology
In this section, several remaining issues on the sidelink positioning methodology will be discussed, including the distance value X for relative or ranging positioning in different scenarios and the anchor UE selection in IIOT scenario for absolute positioning, etc.
There are four use cases in the sidelink positioning, which bring huge evaluation workload. It is better to select one or two use cases as the base while other use case can be regarded as optional. V2X is the most typical use case in the sidelink and the basic system frame is stable according to the discussion in last two releases. therefore, V2X use case can be seen as the baseline for sidelink positioning evaluation. 
The performance of absolute positioning in IIOT scenario has been discussed in R17. Compared to the V2X use case, IIOT focus on the indoor scenario, which can be seen as the baseline evaluation for sidelink positioning since it is complementary to the outdoor scenario. 
[bookmark: _Ref102154175]Proposal 1: Considering the timeline and overload of simulation for positioning, evaluating positioning performance for V2X and IIOT can be set as baseline.
[bookmark: _GoBack]
	Agreement
· For absolute positioning evaluation, anchor UEs’ locations are known 
· In the evaluation of SL only positioning 
· Anchor UEs are used to locate target UEs
· In the evaluation of Joint Uu/SL positioning
· Both BS and anchor UEs are used to locate target UEs
· In the evaluation, relative positioning or ranging is performed between two UEs within X m
· FFS X which can be different for different scenarios, e.g. highway, urban grid, etc. 
· Companies can consider to provide simulation results based on multiple X values
· Positioning method should be reported by companies.



The reference conclusion for the determination of X in the relative or ranging positioning in sidelink has been agreed as shown in above table. From our viewpoint, the value of X should be determined based on the positioning scenario. In the highway scenario of V2X, the value of X should be defined longer than that in the urban scenario since the high speed on highway leads to a low density of vehicles. Moreover, from the perspective of security, the vehicle in the urban scenario doesn’t care the location of the vehicle far away from them. The value of X can be also defined as smaller in the IIOT, public safety or commercial scenario since the distance between two UEs is small and the speed of them is low. Consequently, the following value of X is proposed.
[bookmark: _Ref111062098]Proposal 2: The value of X should be defined based on the scenario as follows:
· [bookmark: _Hlk111062131]Highway in V2X use case: 50m and 100m
· Urban in V2X use case: 25m and 50m
· IIOT use case: 25m and 50m
· Public safety use case: 25m and 50m
· Commercial use case: 25m and 50m

The evaluation assumption below and above 6 GHz are provided in TR 37.885. For sidelink positioning, it is proposed that only FR1 is considered for evaluation in the current release since the evaluation assumption for FR2 in sidelink has been not updated and it will be discussed at Q4 in this year. Hence, the evaluation below 6GHz can be seen as the baseline for sidelink positioning evaluation.
[bookmark: _Ref111062184]Proposal 3: Evaluation scenarios below 6 GHz can be seen as baseline for SL positioning evaluation.
3 Evaluation results
According to the evaluation model agreed in the last meeting, some preliminary simulation results are provided. Detailed simulation assumptions can be found in Appendix.
3.1 Absolute positioning
In this subsection, evaluation results of absolute positioning in highway scenario and urban scenario are provided from Figure 1 to Figure 4 based on multiple UEs locations or multiple RSUs locations. The measurement algorithm based MUSIC is used for the timing estimation between two UEs or RSUs. The number of UEs or RSUs for absolute positioning is 5 and 10.
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	[bookmark: _Ref102157807]Figure 1 Evalution result based on VUE in Highway scenario
	Figure 2 Evalution result based on RSU in Highway scenario
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	[bookmark: _Ref102146918]Figure 3 Evalution result based on VUE in Urban scenario
	[bookmark: _Ref111040931]Figure 4 Evalution result based on RSU in Urban scenario


[bookmark: _Hlk102153777]The absolute positioning accuracy result is provided in Table 1.
[bookmark: _Ref102152731]Table 1 Accuracy result in V2X scenario with absolute positioning
	[bookmark: _Hlk102153861]Positioning scenario
	Anchor type
	Anchor number
	Bandwidth
	50%
	67%
	80%
	90%

	








Highway scenario
	



VUE
	

5
	10M
	0.39
	0.524
	0.67
	0.91

	
	
	
	20M
	0.19
	0.278
	0.36
	0.552

	
	
	
	40M
	0.123
	0.181
	0.249
	0.332

	
	
	
	100M
	0.078
	0.1
	0.138
	0.21

	
	
	

10
	10M
	0.4
	0.55
	0.66
	0.88

	
	
	
	20M
	0.197
	0.287
	0.4
	0.546

	
	
	
	40M
	0.129
	0.168
	0.248
	0.327

	
	
	
	100M
	0.075
	0.099
	0.137
	0.22

	
	



RSU
	

5
	10M
	1.03
	1.432
	2.05
	2.92

	
	
	
	20M
	0.612
	0.939
	1.426
	2.46

	
	
	
	40M
	0.575
	0.89
	1.247
	1.83

	
	
	
	100M
	0.375
	0.592
	0.845
	1.51

	
	
	

10
	10M
	0.916
	1.43
	2.23
	3.55

	
	
	
	20M
	0.739
	1.04
	1.423
	2.23

	
	
	
	40M
	0.569
	0.892
	1.316
	2.01

	
	
	
	100M
	0.482
	0.686
	0.99
	1.41

	








Urban scenario
	



VUE
	

5
	10M
	0.846
	1.36
	2.58
	5.27

	
	
	
	20M
	0.6
	1.08
	2.05
	4.64

	
	
	
	40M
	0.432
	0.88
	1.78
	3.59

	
	
	
	100M
	0.243
	0.545
	1.27
	2.53

	
	
	

10
	10M
	0.846
	1.59
	2.78
	4.71

	
	
	
	20M
	0.675
	1.34
	2.43
	4.61

	
	
	
	40M
	0.485
	0.99
	1.69
	2.83

	
	
	
	100M
	0.311
	0.807
	1.33
	2.14

	
	


RSU
	

5
	10M
	5.51
	8.34
	13.72
	25.84

	
	
	
	20M
	4.12
	5.78
	8.27
	18.05

	
	
	
	40M
	3.04
	4.13
	6.18
	10.94

	
	
	
	100M
	2.52
	3.34
	5.05
	8.43

	
	
	

10
	10M
	4.33
	5.92
	7.22
	10.05

	
	
	
	20M
	3.25
	4.4
	5.31
	7.18

	
	
	
	40M
	2.48
	3.1
	3.87
	4.8

	
	
	
	100M
	2.13
	2.63
	3.28
	4.16


According to the evaluation result, following observations can be captured:
[bookmark: _Ref111062223][bookmark: _Ref102154266]Observation 1: For V2V absolute positioning in Highway scenario, the number of anchor UE for positioning has minor impact on the final positioning accuracy.
[bookmark: _Ref111062246]Observation 2: Compared to the evaluation result that based on V2R absolute positioning in Highway scenario, the positioning accuracy based on V2V outperforms in each bandwidth.
[bookmark: _Ref111062250]Observation 3: For V2V absolute positioning in Urban scenario, the difference of positioning accuracy in each bandwidth is small. 
[bookmark: _Ref111215235]Observation 4: For V2V absolute positioning in Highway scenario, the positioning horizontal accuracy can meet the requirement of 1.5m in the working assumption of last meeting.
[bookmark: _Ref111215239]Observation 5: For V2R absolute positioning in Highway scenario, the positioning horizontal accuracy can not meet the requirement of 1.5m in the working assumption of last meeting in mostly evaluation case.
[bookmark: _Ref111215244]Observation 6: For V2V and V2R absolute positioning in Urban scenario, the positioning horizontal accuracy can meet the requirement of 1.5m in the working assumption of last meeting.

3.2 Ranging 
In this subsection, evaluation results of ranging of distance in highway scenario and urban scenario are provided from Figure 5 to Figure 8. The measurement algorithm based MUSIC is used for the timing estimation. VUE and RSU are used for positioning. And the relative positioning is performed between two VUEs or one VUE and one RSU within 25, 50 and 100 meters.
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	[bookmark: _Ref102153439]Figure 5 Evalution result based on VUE in Highway scenario
	Figure 6 Evalution result based on RSU in Highway scenario
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	[bookmark: _Ref102153445]Figure 7 Evalution result based on VUE in Urban scenario
	[bookmark: _Ref111061082]Figure 8 Evalution result based on RSU in Urban scenario


The positioning accuracy result is provided in Table 2.
[bookmark: _Ref102154814]Table 2 Distance accuracy result in urban scenario of ranging
	[bookmark: _Hlk102155137]Positioning scenario
	Anchor type
	X value
	Bandwidth
	50%
	67%
	80%
	90%

	












Highway scenario
	





VUE





	

25m
	10M
	0.94
	1.09
	1.2
	1.312

	
	
	
	20M
	0.457
	0.55
	0.614
	0.669

	
	
	
	40M
	0.23
	0.275
	0.315
	0.347

	
	
	
	100M
	0.12
	0.144
	0.162
	0.18

	
	
	

50m
	10M
	0.89
	1.07
	1.19
	1.305

	
	
	
	20M
	0.455
	0.546
	0.617
	0.674

	
	
	
	40M
	0.232
	0.279
	0.316
	0.351

	
	
	
	100M
	0.12
	0.144
	0.162
	0.183

	
	
	

100m
	10M
	0.89
	1.06
	1.19
	1.305

	
	
	
	20M
	0.458
	0.551
	0.62
	0.685

	
	
	
	40M
	0.234
	0.281
	0.319
	0.359

	
	
	
	100M
	0.12
	0.144
	0.166
	0.19

	
	






RSU
	

25m
	10M
	0.79
	1.03
	1.167
	1.31

	
	
	
	20M
	0.47
	0.552
	0.668
	0.733

	
	
	
	40M
	0.246
	0.309
	0.402
	0.491

	
	
	
	100M
	0.119
	0.16
	0.191
	0.457

	
	
	

50m
	10M
	0.835
	1.04
	1.167
	1.32

	
	
	
	20M
	0.434
	0.545
	0.631
	0.733

	
	
	
	40M
	0.226
	0.296
	0.358
	0.442

	
	
	
	100M
	0.12
	0.16
	0.215
	0.372

	
	
	

100m
	10M
	0.835
	1.01
	1.167
	1.34

	
	
	
	20M
	0.436
	0.54
	0.639
	0.745

	
	
	
	40M
	0.226
	0.3
	0.377
	0.492

	
	
	
	100M
	0.12
	0.179
	0.245
	0.421

	













Urban scenario
	






VUE





	

25m
	10M
	0.947
	1.16
	1.33
	1.74

	
	
	
	20M
	0.487
	0.629
	0.787
	1.38

	
	
	
	40M
	0.255
	0.346
	0.481
	1.12

	
	
	
	100M
	0.124
	0.172
	0.25
	1.14

	
	
	

50m
	10M
	0.972
	1.214
	1.47
	2.53

	
	
	
	20M
	0.526
	0.695
	1.01
	2.33

	
	
	
	40M
	0.279
	0.413
	0.723
	2.12

	
	
	
	100M
	0.137
	0.209
	0.675
	1.94

	
	
	

100m
	10M
	1.05
	1.37
	2.13
	4.66

	
	
	
	20M
	0.605
	0.916
	1.96
	4.25

	
	
	
	40M
	0.353
	0.679
	1.79
	3.62

	
	
	
	100M
	0.176
	0.654
	1.81
	3.25

	
	






RSU
	

25m
	10M
	0.963
	1.298
	2.26
	4.75

	
	
	
	20M
	0.634
	1.054
	2.05
	4.11

	
	
	
	40M
	0.376
	0.754
	2.03
	3.3

	
	
	
	100M
	0.31
	0.857
	1.514
	2.49

	
	
	

50m
	10M
	1.094
	1.575
	3.156
	6.37

	
	
	
	20M
	0.673
	1.323
	2.778
	5.18

	
	
	
	40M
	0.535
	1.32
	2.42
	4.01

	
	
	
	100M
	0.638
	1.345
	2.2
	3.23

	
	
	

100m
	10M
	1.168
	1.941
	3.46
	6.13

	
	
	
	20M
	0.986
	1.869
	3.4
	5.61

	
	
	
	40M
	0.864
	1.99
	3.04
	4.63

	
	
	
	100M
	0.985
	2.08
	2.953
	4.13


According to the evaluation result, following observations can be captured:
[bookmark: _Ref102154274]Observation 7: The performance of distance error for ranging distance positioning changes slightly when the value of X increases in the Highway scenario.
[bookmark: _Ref102154277][bookmark: _Ref111062256]Observation 8: The performance of distance error for ranging distance positioning degrades obsolutely when the value of X increases in the Urban scenario.
[bookmark: _Ref102154280][bookmark: _Ref111062259]Observation 9: The performance of distance error for ranging distance positioning between two VUEs always outperforms that of one VUE and one RSU.
[bookmark: _Ref111215277]Observation 10: The performance of distance error for ranging distance positioning based on VUE or RSU in Highway scenario can meet the requirement of 1.5m according to the working assumption in last meeting.
[bookmark: _Ref111215281]Observation 11: The performance of distance error for ranging distance positioning based on VUE in Urban scenario can meet the requirement of 1.5m according to the working assumption in last meeting only when the distance between two VUE is enough close.
[bookmark: _Ref111215285]Observation 12: The performance of distance error for ranging distance positioning based on RSU in Urban scenario can not meet the requirement of 1.5m according to the working assumption in last meeting.

Evaluation results of ranging of angle in urban scenario are provided in Figure 9. And AOA algorithm is used for the simulation. 
	[image: ]

	Figure 9 Evaluation result based on AOA


The positioning accuracy result is provided in Table 3.
[bookmark: _Ref102154734]Table 3 Angle accuracy result in urban scenario of ranging
	Positioning algorithm
	General parameters
	50%
	67%
	80%
	90%

	V2V angle ranging based on AOA algorithm
	2 antennas
	4.89
	7.12
	10.1
	14.24

	
	4 antennas
	1.49
	2.4
	3.48
	4.97

	
	8 antennas
	0.55
	0.83
	1.14
	1.63


According to the evaluation result, the following observations can be captured:
[bookmark: _Ref102155321][bookmark: _Ref111062262]Observation 13: For V2V angle ranging with AoA positioning, the performance decreased obviously with the number of antennas decreasing.
[bookmark: _Ref111215293]Observation 14: For V2V angle ranging with AoA positioning, the performance can meet the requirement of 5 degrees mentioned in the contribution of R1-2206044 when the number of antennas is more than 4.
4 Conclusion
In the contribution, we provide our considerations on the evaluation methodology for NR sidelink positioning with the following proposals. 
Proposal 1: Considering the timeline and overload of simulation for positioning, evaluating positioning performance for V2X and IIOT can be set as baseline.
Proposal 2: The value of X should be defined based on the scenario as follows:
· Highway in V2X use case: 50m and 100m
· Urban in V2X use case: 25m and 50m
· IIOT use case: 25m and 50m
· Public safety use case: 25m and 50m
· Commercial use case: 25m and 50m
Proposal 3: Evaluation scenarios below 6 GHz can be seen as baseline for SL positioning evaluation.
Observation 1: For V2V absolute positioning in Highway scenario, the number of anchor UE for positioning has minor impact on the final positioning accuracy.
Observation 2: Compared to the evaluation result that based on V2R absolute positioning in Highway scenario, the positioning accuracy based on V2V outperforms in each bandwidth.
Observation 3: For V2V absolute positioning in Urban scenario, the difference of positioning accuracy in each bandwidth is small.
Observation 4: For V2V absolute positioning in Highway scenario, the positioning horizontal accuracy can meet the requirement of 1.5m in the working assumption of last meeting.
Observation 5: For V2R absolute positioning in Highway scenario, the positioning horizontal accuracy can not meet the requirement of 1.5m in the working assumption of last meeting in mostly evaluation case.
Observation 6: For V2V and V2R absolute positioning in Urban scenario, the positioning horizontal accuracy can meet the requirement of 1.5m in the working assumption of last meeting.
Observation 7: The performance of distance error for ranging distance positioning changes slightly when the value of X increases in the Highway scenario.
Observation 8: The performance of distance error for ranging distance positioning degrades obsolutely when the value of X increases in the Urban scenario.
Observation 9: The performance of distance error for ranging distance positioning between two VUEs always outperforms that of one VUE and one RSU.
Observation 10: The performance of distance error for ranging distance positioning based on VUE or RSU in Highway scenario can meet the requirement of 1.5m according to the working assumption in last meeting.
Observation 11: The performance of distance error for ranging distance positioning based on VUE in Urban scenario can meet the requirement of 1.5m according to the working assumption in last meeting only when the distance between two VUE is enough close.
Observation 12: The performance of distance error for ranging distance positioning based on RSU in Urban scenario can not meet the requirement of 1.5m according to the working assumption in last meeting.
Observation 13: For V2V angle ranging with AoA positioning, the performance decreased obviously with the number of antennas decreasing. 
Observation 14: For V2V angle ranging with AoA positioning, the performance can meet the requirement of 5 degrees mentioned in the contribution of R1-2206044 when the number of antennas is more than 4.

Appendix
Table 6 Simulation assumption for absolute positioning in V2V/V2R link
	Parameter
	V2V/V2R absolute positioning

	Carrier frequency 
	6GHz

	Subcarrier spacing
	30kHz

	Reference Signal Transmission Bandwidth
	10 MHz /20MHz/40 MHz /100MHz

	Number of UEs or RSUs
	5 or 10

	Number of symbols used per occasion
	1

	number of occasions used per positioning estimate
	1

	interference modelling (ideal muting, or other)
	ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	super resolution/threshold based

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	taylor series

	Network synchronization assumptions
	Perfect sync


Table 7 Simulation assumption for ranging of distance in V2V/V2R link
	Parameter
	V2V distance ranging

	Carrier frequency 
	6GHz

	Subcarrier spacing
	30kHz

	Reference Signal Transmission Bandwidth
	10 MHz /20MHz/40 MHz /100MHz

	X value
	25/50/100m

	Number of symbols used per occasion
	1

	number of occasions used per positioning estimate
	1

	interference modelling (ideal muting, or other)
	ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	super resolution/threshold based

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	taylor series

	Network synchronization assumptions
	Perfect sync


Table 8 Simulation assumption for ranging of angle in V2V link
	Parameter
	V2V angle ranging

	Carrier frequency 
	6GHz

	Subcarrier spacing
	15kHz

	Reference Signal Transmission Bandwidth
	20MHz

	Number of UE
	1

	Number of symbols used per occasion
	1

	number of occasions used per positioning estimate
	1

	interference modelling (ideal muting, or other)
	ideal muting

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	super resolution

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	taylor series

	Network synchronization assumptions
	Perfect sync

	VUE  antenna number
	2

	LOS probability
	All LOS



1/5
image3.emf
0 5 10 15

Accuracy(m)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Absolute positioning based on V2R link

10M based on 5 anchor RSUs

10M based on 10 anchor RSUs

20M based on 5 anchor RSUs

20M based on 10 anchor RSUs

40M based on 5 anchor RSUs

40M based on 10 anchor RSUs

100M based on 5 anchor RSUs

100M based on 10 anchor RSUs


image4.emf
0 5 10 15 20 25

Accuracy(m)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Absolute positioning based on V2V link

10M based on 5 anchor UEs

10M based on 10 anchor UEs

20M based on 5 anchor UEs

20M based on 10 anchor UEs

40M based on 5 anchor UEs

40M based on 10 anchor UEs

100M based on 5 anchor UEs

100M based on 10 anchor UEs


image5.emf
0 10 20 30 40 50

Accuracy(m)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Absolute positioning based on V2R link

10M based on 5 anchor RSUs

10M based on 10 anchor RSUs

20M based on 5 anchor RSUs

20M based on 10 anchor RSUs

40M based on 5 anchor RSUs

40M based on 10 anchor RSUs

100M based on 5 anchor RSUs

100M based on 10 anchor RSUs


image6.emf
0 0.5 1 1.5 2 2.5 3

Accuracy(m)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Ranging of distance based on V2V link

10M with X = 25m

10M with X = 50m

10M with X = 100m

20M with X = 25m

20M with X = 50m

20M with X = 100m

40M with X = 25m

40M with X = 50m

40M with X = 100m

100M with X = 25m

100M with X = 50m

100M with X = 100m


image7.emf
0 0.5 1 1.5 2 2.5 3 3.5 4

Accuracy(m)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Ranging of distance based on V2R link

10M with X = 25m

10M with X = 50m

10M with X = 100m

20M with X = 25m

20M with X = 50m

20M with X = 100m

40M with X = 25m

40M with X = 50m

40M with X = 100m

100M with X = 25m

100M with X = 50m

100M with X = 100m


image8.emf

image9.emf
0 5 10 15 20

Accuracy(m)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Absolute positioning based on V2R link

10M with X = 25m

10M with X = 50m

10M with X = 100m

20M with X = 25m

20M with X = 50m

20M with X = 100m

40M with X = 25m

40M with X = 50m

40M with X = 100m

100M with X = 25m

100M with X = 50m

100M with X = 100m


image10.emf
0 5 10 15 20

degree(°)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Angle error based on V2V link in urban

2 antennas

4 antennas

8 antennas


image1.png
RSU RSU RSU RSU
> > 3 3¢

— —
200m 200m
3 X g 3¢
RSU RSU RSU RSU

Parallel Staggered




image2.emf
0 0.5 1 1.5 2 2.5 3

Accuracy(m)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

Absolute positioning based on V2V link

10M based on 5 anchor UEs

10M based on 10 anchor UEs

20M based on 5 anchor UEs

20M based on 10 anchor UEs

40M based on 5 anchor UEs

40M based on 10 anchor UEs

100M based on 5 anchor UEs

100M based on 10 anchor UEs


