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Introduction
In RAN1#110 meeting, the following agreements on evaluation methodology for sidelink positioning were achieved [1]:
	Agreement
For SL positioning evaluation in IIOT use case, companies should report how to drop anchor UEs and how to select anchor UEs

[bookmark: _GoBack]Agreement
Adopt the tables in section 3 of R1-2207606 as templates to collect SL positioning simulation results from each company.

Agreement
In the evaluation, relative positioning or ranging is performed between two UEs within X m, where X value(s) are reported by companies, and companies should also report the minimum distance used in the evaluations for each use case. The assumption used for X will be included in the TR for each set of results.

Agreement
For SL positioning evaluation purpose, the following assumptions are further adopted
· Companies should report whether SL-PRS and other SL signals are FDMed or not FDMed, and whether other SL signals are present
· Adopting system level simulations (rather than the link level simulations) as the baseline tool 
· For SL positioning evaluation in highway scenario or urban grid scenario, the performance metrics can include absolute horizontal accuracy, relative horizontal accuracy, ranging with distance accuracy, and ranging with direction accuracy (optionally). 
· In highway and urban grid scenarios, companies can further consider other UE types, e.g. pedestrian UE or VRU devices.




In this contribution, we provide our sidelink positioning simulation results of both urban grid and highway scenarios for V2X use cases and IIoT use cases.
Performance evaluation for SL positioning in V2X use cases
In this section, we evaluate the performance of SL positioning in V2X use case. The common assumption for V2X use case is provided in Table 1. Parameters regarding the urban grid, highway scenarios are further given in Table 2.
Table 1. Common assumption for V2X use cases
	Parameter
	V2X

	Carrier frequency
	6GHz/3.5GHz

	Subcarrier spacing
	30KHz

	Reference Signal Transmission Bandwidth
	20M/40M/100M

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	Comb-2, Mode-2

	Reference signal including PRS, SRS and SL-PRS
	SL-PRS(Gold), 1-port

	Number of symbols used per occasion
	2

	number of occasions used per positioning estimate
	1

	Power-boosting level
	N/A

	Uplink power control (applied/not applied)
	Not applied

	interference modelling (ideal muting, or other)
	Ideal muting

	Description of Measurement Algorithm 
	MUSIC

	Description of positioning technique / applied positioning algorithm 
	Gauss-Newton 

	Synchronization assumptions
	Ideal Synchronization 

	UE/gNB RX and TX timing error assumption
	No timing error

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	N/A

	Additional notes, if any
	N/A


 
Table 2 Assumptions for urban and highway if they are different from or not specified in Agreements
  
	Parameters
	urban
	highway

	UE Antenna model
	 (1, 2, 2, 1, 1)

	RSU Antenna model
	 (1, 2, 2, 1, 1)

	RSU deployment for absolute positioning 
	As shown in figure 1
	As shown in figure 2

	Selected values of X 
	10/25m
	20/25/100/150m

	Positioning method
	TDOA (absolute positioning)
RTT+AoA (relative positioning/ranging)



The topologies of urban and highway are shown in Figure 1 and Figure 2 separately. UE dropping option A defined in section 6.1.2 of TR 37.885 is used. The RSU dropping methods are as following:
· Urban: RSUs are located at the center of each intersection and uniformly located with 250m (lateral)/433m (longitudinal) spacing on both sides of each street unsymmetrically as shown in Figure 1.
· Highway: RSU are uniformly located with 200m spacing on both sides of highway unsymmetrically as shown in Figure 2.


Figure 1. RSU dropping in urban


Figure 2. RSU dropping in highway

Urban grid scenario
Absolute positioning
For absolute positioning of urban scenario, the simulation results of different bandwidths are provided in Table 3.
Table 3. Simulation results for urban grid for absolute positioning - horizontal accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 6GHz, positioning method #TDOA
	2.387
	4.09
	6.608
	9.822
	No
38% of UEs satisfying the target positioning accuracy requirement
	No
11% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 6GHz, positioning method#TDOA, 6GHz
	0.9298
	1.615
	3.074
	5.114
	No
65% of UEs satisfying the target positioning accuracy requirement
	No
30% of UEs satisfying the target positioning accuracy requirement

	Case #3, BW#100M, 6GHz, positioning method#TDOA
	0.2903
	0.5134
	0.9177
	1.559
	No
89.5% of UEs satisfying the target positioning accuracy requirement
	No
66% of UEs satisfying the target positioning accuracy requirement


The existing of NLOS will decrease the accuracy of the TDOA badly, the whole performance of urban absolute positioning is poor.
Observation 1: For urban grid scenario, the absolute positioning accuracy in horizontal can reach 1.559 m for 90% UEs under 100M bandwidth.
Observation 2: The positioning errors in urban grid almost satisfy the requirements of Set A under 100M bandwidth (1.5m@ 90% CDF UE), but cannot satisfy Set B (0.5m@ 90% CDF UE).
Relative positioning
For relative positioning of urban scenario, the positioning method is RTT+AoA, and X=10/25m. The results are given in Table 4 and Table 5.
Table 4. Simulation results for urban grid for relative positioning (X=10m) - horizontal accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#40M, 3.5GHz, positioning method #RTT+AoA
	0.599
	0.894
	1.497
	1.974
	No
81.8% of UEs satisfying the target positioning accuracy requirement
	No
40.4% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#100M, 3.5GHz, positioning method #RTT+AoA
	0.246
	0.404
	0.853
	1.242
	No
93% of UEs satisfying the target positioning accuracy requirement
	No
73% of UEs satisfying the target positioning accuracy requirement



Table 5. Simulation results for urban grid for relative positioning (X=25m) - horizontal accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 3.5GHz, positioning method #RTT+AoA
	1.619
	2.377
	3.344
	4.55
	No
46.5% of UEs satisfying the target positioning accuracy requirement
	No
11% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 3.5GHz, positioning method #RTT+AoA
	1.299
	1.994
	2.797
	3.99
	No
55.8% of UEs satisfying the target positioning accuracy requirement
	No
18.4% of UEs satisfying the target positioning accuracy requirement

	Case #3, BW#100M, 3.5GHz, positioning method #RTT+AoA
	1.146
	1.804
	2.653
	3.821
	No
59% of UEs satisfying the target positioning accuracy requirement
	No
23% of UEs satisfying the target positioning accuracy requirement



As the relative positioning method is RTT+AoA, both the accuracy of RTT and AoA will affect the final positioning accuracy. As shown in section 2.1.3, we can see the main reason that affects the positioning performance is the measurement of AoA and the value of X.

Observation 3: For urban grid scenario, the relative positioning accuracy in horizontal can reach 1.242 m for 90% UEs under 100M bandwidth.
Observation 4: The positioning errors in urban grid can satisfy the requirements of Set A under 100M bandwidth (1.5m@ 90% CDF UE), but cannot satisfy Set B (0.5m@ 90% CDF UE).
Ranging
For ranging, both the distance accuracy and angle accuracy are provided in Table 6~Table9.
1) Distance accuracy:
Table 6. Simulation results for urban grid for ranging (X=10m)- distance accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#40M, 3.5GHz, positioning method #RTT
	0.115
	0.2388
	0.3944
	0.6655
	Yes
	No
86% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#100M, 3.5GHz, positioning method #RTT
	0.0889
	0.1213
	0.145
	0.1715
	Yes
	Yes



Table 7. Simulation results for urban grid for ranging (X=25m)- distance accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 3.5GHz, positioning method #RTT
	0.3392
	0.5669
	0.8779
	1.35
	Yes
	No
63% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 3.5GHz, positioning method #RTT
	0.1342
	0.2372
	0.3917
	0.6493
	Yes
	No
85% of UEs satisfying the target positioning accuracy requirement

	Case #3, BW#100M, 3.5GHz, positioning method #RTT
	0.0374
	0.0747
	0.1271
	0.2092
	Yes
	Yes



Observation 5: For urban grid scenario, the distance accuracy can reach 0.1715 m for 90% UEs under 100M bandwidth.
Observation 6: The distance accuracy in urban grid can satisfy the requirements of Set A under 100M bandwidth (1.5m @ 90% CDF UE), and also satisfy Set B (0.5m @ 90% CDF UE).
2) Angle accuracy:
Table 8. Simulation results for urban grid for ranging (X=10m) - angle accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#40M, 3.5GHz, positioning method #AoA
	2.28°
	4.55°
	9.48°
	12.6°
	Yes
	No
71% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#100M, 3.5GHz, positioning method #AoA
	3.456°
	5.903°
	8.72°
	12.5°
	Yes
	No
77.5% of UEs satisfying the target positioning accuracy requirement



Table 9. Simulation results for urban grid for ranging (X=25m) - angle accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 3.5GHz, positioning method #AoA
	6.051°
	8.873°
	12.01°
	16.47°
	No
87.5% of UEs satisfying the target positioning accuracy requirement
	No
62.3% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 3.5GHz, positioning method #AoA
	5.533°
	7.992°
	10.72°
	14.65°
	Yes
	No
67% of UEs satisfying the target positioning accuracy requirement

	Case #3, BW#100M, 3.5GHz, positioning method #AoA
	5.294°
	7.579°
	10.2°
	14°
	Yes
	No
69% of UEs satisfying the target positioning accuracy requirement


From the above simulation results, it can be shown that the influence of bandwidth on the angle accuracy is limited in urban grid. The main reason is that most of the angles between the two UEs are close to 90 degrees, the measurement algorithm of MUSIC is badly conditioned in urban grid.
Observation 7: For urban grid scenario, the angle accuracy can reach 12.5°for 90% UEs under 100M bandwidth.
Observation 8: The angle accuracy in urban grid can satisfy the requirements of Set A under 100M bandwidth (±15°@ 90% CDF UE), but cannot satisfy Set B (±8°@ 90% CDF UE).

Highway scenario
Absolute positioning
For absolute positioning of highway scenario, the simulation results of different bandwidths are provided in Table 10.
Table 10. Simulation results for highway for absolute positioning - horizontal accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 6GHz, positioning method #TDOA
	0.695
	1.05
	1.455
	2.126
	No
82% of UEs satisfying the target positioning accuracy requirement
	No
36% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 6GHz, positioning method#TDOA
	0.4425
	0.6965
	0.9968
	1.420
	Yes
	No
55% of UEs satisfying the target positioning accuracy requirement

	Case #3, BW#100M, 6GHz, positioning method#TDOA
	0.125
	0.192
	0.2874
	0.4456
	Yes
	Yes



Observation 9: For highway scenario, the absolute positioning accuracy in horizontal can reach 0.4456 m for 90% UEs under 100M bandwidth.
Observation 10: The positioning errors in highway can satisfy the requirements of Set A under 100M bandwidth (1.5m@ 90% CDF UE), but cannot satisfy Set B (0.5m@ 90% CDF UE).

Relative positioning
For relative positioning of urban scenario, the positioning method is RTT+AoA, and X=20/25m. The results are given in Table 11 and Table 12.
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Table 11. Simulation results for highway for relative positioning (X=20m) - horizontal accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 3.5GHz, positioning method #RTT+AoA
	1.325
	2.154
	2.685
	3.231
	No
54% of UEs satisfying the target positioning accuracy requirement
	No
23.5% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 3.5GHz, positioning method #RTT+AoA
	0.4605
	0.80
	1.191
	1.493
	Yes
	No
54% of UEs satisfying the target positioning accuracy requirement



Table 12. Simulation results for highway for relative positioning (X=25m) - horizontal accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 3.5GHz, positioning method #RTT+AoA
	1.975
	2.97
	3.7
	4.363
	No
38.6% of UEs satisfying the target positioning accuracy requirement
	No
12.7% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 3.5GHz, positioning method #RTT+AoA
	0.6280
	0.815
	1.417
	1.974
	No
83% of UEs satisfying the target positioning accuracy requirement
	No
39% of UEs satisfying the target positioning accuracy requirement

	Case #3, BW#100M, 3.5GHz, positioning method #RTT+AoA
	0.119
	0.2450
	0.5572
	0.7594
	Yes
	No
71% of UEs satisfying the target positioning accuracy requirement



Table 13. Simulation results for highway for relative positioning (X=100m) - horizontal accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 6GHz, positioning method #RTT+AoA
	1.739
	2.932
	4.504
	7.27
	No
44% of UEs satisfying the target positioning accuracy requirement
	No
16% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 6GHz, positioning method #RTT+AoA
	1.325
	2.154
	3.385
	5.231
	No
54% of UEs satisfying the target positioning accuracy requirement
	No
23.5% of UEs satisfying the target positioning accuracy requirement

	Case #3, BW#100M, 6GHz, positioning method #RTT+AoA
	0.8705
	1.5
	2.891
	4.467
	No
67% of UEs satisfying the target positioning accuracy requirement
	No
35% of UEs satisfying the target positioning accuracy requirement



Table 14. Simulation results for highway for relative positioning (X=150m) - horizontal accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 6GHz, positioning method #RTT+AoA
	2.175
	3.57
	5.7
	9.613
	No
38.6% of UEs satisfying the target positioning accuracy requirement
	No
12.7% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 6GHz, positioning method #RTT+AoA
	1.628
	2.815
	4.617
	7.474
	No
48% of UEs satisfying the target positioning accuracy requirement
	No
19% of UEs satisfying the target positioning accuracy requirement

	Case #3, BW#100M, 6GHz, positioning method #RTT+AoA
	1.119
	2.25
	3.572
	6.197
	No
57% of UEs satisfying the target positioning accuracy requirement
	No
29% of UEs satisfying the target positioning accuracy requirement


As the relative positioning method is based on RTT+AoA, the value of X and angle result will mainly affect the performance. When the value of X is larger, the relative positioning accuracy is lower.
Observation 11: For highway scenario, the relative positioning accuracy in horizontal can reach 0.7594 m for 90% UEs under 100MHz bandwidth.
Observation 12: The positioning errors in highway scenario can satisfy the requirements of Set A under 100MHz bandwidth (1.5m@ 90% CDF UE), but cannot satisfy Set B (0.5m@ 90% CDF UE).

Ranging
For ranging, both the distance accuracy and angle accuracy are provided in Table 15~ Table 18.
1) Distance accuracy:
Table 15. Simulation results for highway for ranging (X=20m)- distance accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 3.5GHz, positioning method #RTT
	0.71
	0.92
	1.7814
	2.309
	Yes
	No
If not, 36% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 3.5GHz, positioning method #RTT
	0. 47
	0.5989
	0.943
	1.229
	Yes
	No
If not, 66% of UEs satisfying the target positioning accuracy requirement


Table 16. Simulation results for highway for ranging (X=25m)- distance accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 3.5GHz, positioning method #RTT
	0. 453
	0.69
	1.533
	2.01
	No, If not, 79% of UEs satisfying the target positioning accuracy requirement
	No
If not, 57% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 3.5GHz, positioning method #RTT
	0.2364
	0.6455
	0.8077
	1.252
	Yes
	No
If not, 60% of UEs satisfying the target positioning accuracy requirement

	Case #3, BW#100M, 3.5GHz, positioning method #RTT
	0.0533
	0.0983
	0.1348
	0.1922
	Yes
	Yes



Table 17. Simulation results for highway for ranging (X=100m)- distance accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 6GHz, positioning method #RTT
	0.31
	0.52
	0.7814
	1.309
	Yes
	No
If not, 66% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 6GHz, positioning method #RTT
	0.135
	0.243
	0.4
	0.68
	Yes
	No
If not, 85% of UEs satisfying the target positioning accuracy requirement

	Case #3, BW#100M, 6GHz, positioning method #RTT
	0.047
	0.0989
	0.1655
	0.2693
	Yes
	Yes


Table 18. Simulation results for highway for ranging (X=150m)- distance accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 6GHz, positioning method #RTT
	0.284
	0.5
	0.783
	1.302
	Yes
	No
If not, 67% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 6GHz, positioning method #RTT
	0.1364
	0.2455
	0.4091
	0.683
	Yes
	No
If not, 85% of UEs satisfying the target positioning accuracy requirement

	Case #3, BW#100M, 6GHz, positioning method #RTT
	0.0533
	0.0983
	0.1748
	0.2922
	Yes
	Yes



Observation 13: For highway scenario, the distance accuracy can reach 0.1922 m for 90% UEs under 100M bandwidth.
Observation 14: The distance accuracy in highway can satisfy the requirements of Set A under 100M bandwidth (1.5m @ 90% CDF UE), and also satisfy Set B (0.5m @ 90% CDF UE).

2) Angle accuracy:
Table 19. Simulation results for highway for ranging (X=20m) - angle accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 3.5GHz, positioning method #AoA
	2.143°
	3.571°
	5.357°
	8.52°
	Yes
	No
89% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 3.5GHz, positioning method #AoA
	1.03°
	1.5°
	1.93°
	3.1°
	Yes
	Yes



Table 20. Simulation results for highway for ranging (X=25m) - angle accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 3.5GHz, positioning method #AoA
	7.48°
	13.18°
	15°
	17.302°
	No
80.0% of UEs satisfying the target positioning accuracy requirement
	No
53.5% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 3.5GHz, positioning method #AoA
	1.589°
	5.325°
	9.733°
	12.678°
	Yes
	No
74.5% of UEs satisfying the target positioning accuracy requirement

	Case #3, BW#100M, 3.5GHz, positioning method #AoA
	1.06°
	1.86°
	2.263°
	3.179°
	Yes
	Yes



Table 21. Simulation results for highway for ranging (X=100m) - angle accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 6GHz, positioning method #AoA
	2.143°
	3.571°
	5.357°
	8.52°
	Yes
	No
89% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 6GHz, positioning method #AoA
	1.72°
	2.7°
	4.09°
	6.262°
	Yes
	Yes

	Case #3, BW#100M, 6GHz, positioning method #AoA
	1.14°
	1.95°
	3.45°
	4.791°
	Yes
	Yes



Table 22. Simulation results for highway for ranging (X=150m) - angle accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#20M, 6GHz, positioning method #AoA
	2°
	3.18°
	5°
	8.302°
	Yes
	No
16.5% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#40M, 6GHz, positioning method #AoA
	1.589°
	2.515°
	3.733°
	5.878°
	Yes
	Yes

	Case #3, BW#100M, 6GHz, positioning method #AoA
	1.06°
	1.86°
	3.263°
	4.645°
	Yes
	Yes



Observation 15: For highway scenario, the angle accuracy can reach 3.1°for 90% UEs under 40M bandwidth.
Observation 16: The angle accuracy in highway can satisfy the requirements of Set A under 40M bandwidth (±15°@ 90% CDF UE), and also satisfy Set B (±8°@ 90% CDF UE).

Performance evaluation for SL positioning in IIoT use cases
In this section, we evaluate the performance of SL positioning in IIoT use cases. The common assumption for IIoT use cases is provided in Table 23. Other parameters are further given in Table 24.
Table 23. Common assumption for IIoT use cases
	Parameter
	IIoT

	Carrier frequency
	3.5GHz

	Subcarrier spacing
	30KHz

	Reference Signal Transmission Bandwidth
	20M/40M/100M

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	Comb-2, Mode-2

	Reference signal including PRS, SRS and SL-PRS
	SL-PRS(Gold), 1-port

	Number of symbols used per occasion
	2

	number of occasions used per positioning estimate
	1

	Power-boosting level
	N/A

	Uplink power control (applied/not applied)
	Not applied

	interference modelling (ideal muting, or other)
	Ideal muting

	Description of Measurement Algorithm 
	MUSIC

	Description of positioning technique / applied positioning algorithm 
	Gauss-Newton 

	Synchronization assumptions
	Ideal Synchronization 

	UE/gNB RX and TX timing error assumption
	No timing error

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	N/A

	Additional notes, if any
	N/A



Table 24 Assumptions for IIoT if they are different from or not specified in Agreements 
	Parameters
	IIoT

	UE Antenna model
	(1, 2, 2, 1, 1)

	TRP antenna model
	(1, 2, 2, 1, 1)

	BS/RSU deployment for absolute positioning
	As shown in Figure 3

	Selected values of X (relative positioning or ranging is performed between two UEs within X m)
	10m

	Positioning method
	RTT+AoA(relative positioning/ranging)



[bookmark: OLE_LINK5][bookmark: OLE_LINK6]For IIoT use cases, InF-SH scenario is simulated. 18 anchor UEs are located on a square lattice with spacing D, and D/2 from the walls. The deployment is shown in Figure 3, where L=300m, W=150m and D=50m. Each target terminal to be determined takes itself as the origin and takes 10m as the radius to determine a circular area range and find the anchor UE within the range.
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Figure 3. RSU (anchor UEs) dropping in IIoT
IIoT InF-SH scenario
Relative positioning
For relative positioning of InF-SH scenario, the positioning method is RTT+AoA, and X=10m. The results are given in Table 25.
Table 25. Simulation results for IIoT for relative positioning (X=10m) - horizontal accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#40M, 3.5GHz, positioning method #RTT+AoA
	0.379
	0.414
	0.5
	0.79
	Yes 
	No
41% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#100M, 3.5GHz, positioning method #RTT+AoA
	0.1172
	0.1468
	0.1657
	0.2471
	Yes 
	No
83% of UEs satisfying the target positioning accuracy requirement




Observation 17: For IIoT scenario, the relative positioning accuracy in horizontal can reach 0.79 m for 90% UEs under 40MHz bandwidth and 0.2471 m for 90% UEs under 100MHz bandwidth.

Observation 18: The positioning errors in IIoT scenario can satisfy the requirements of Set A under 40M bandwidth (1m@ 90% CDF UE), but cannot satisfy Set B (0.2m@ 90% CDF UE).

Ranging
For ranging, both the distance accuracy and angle accuracy are provided in Table 26~ Table 27.

1) Distance accuracy:
Table 26. Simulation results for IIoT for ranging (X=10m)- distance accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#40M, 3.5GHz, positioning method #RTT
	0.2364
	0.3455
	0.4091
	0.683
	Yes
	No
If not, 85% of UEs satisfying the target positioning accuracy requirement

	Case #2, BW#100M, 3.5GHz, positioning method #RTT
	0.0987
	0.1194
	0.14
	0.1636
	Yes
	Yes




Observation 19: For IIoT scenario, the distance accuracy can reach 0.683 m for 90% UEs under 40MHz bandwidth and 0.1636 m for 90% UEs under 100MHz bandwidth.
Observation 20: The distance accuracy in IIoT can satisfy the requirements of Set A under 40M bandwidth (1 m @ 90% CDF UE), but cannot satisfy Set B (0.2m @ 90% CDF UE).

2) Angle accuracy:
Table 27. Simulation results for IIoT for ranging (X=10m) - angle accuracy
	Case ID and brief description
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#40M, 3.5GHz, positioning method #AoA
	1.589°
	2.115°
	2.733°
	5.078°
	Yes
	Yes

	Case #2, BW#100M, 3.5GHz, positioning method #AoA
	0.3981°
	0.6765°
	1.12°
	1.72°
	Yes
	Yes



Observation 21: For IIoT scenario, the angle accuracy can reach 5.078°for 90% UEs under 40M bandwidth.
Observation 22: The angle accuracy in IIoT can satisfy the requirements of Set A under 40M bandwidth (±15°@ 90% CDF UE), and also satisfy Set B (±8°@ 90% CDF UE).

Conclusions
In this contribution, we provide simulation results for SL positioning. Both V2X use case and IIoT use case are evaluated. We have the following observations:

Urban grid scenario

Observation 1: For urban grid scenario, the absolute positioning accuracy in horizontal can reach 1.559 m for 90% UEs under 100M bandwidth.
Observation 2: The positioning errors in urban grid almost satisfy the requirements of Set A under 100M bandwidth (1.5m@ 90% CDF UE), but cannot satisfy Set B (0.5m@ 90% CDF UE).
Observation 3: For urban grid scenario, the relative positioning accuracy in horizontal can reach 1.242 m for 90% UEs under 100M bandwidth.
Observation 4: The positioning errors in urban grid can satisfy the requirements of Set A under 100M bandwidth (1.5m@ 90% CDF UE), but cannot satisfy Set B (0.5m@ 90% CDF UE).
Observation 5: For urban grid scenario, the distance accuracy can reach 0.1715 m for 90% UEs under 100M bandwidth.
Observation 6: The distance accuracy in urban grid can satisfy the requirements of Set A under 100M bandwidth (1.5m @ 90% CDF UE), and also satisfy Set B (0.5m @ 90% CDF UE).
Observation 7: For urban grid scenario, the angle accuracy can reach 12.5°for 90% UEs under 100M bandwidth.
Observation 8: The angle accuracy in urban grid can satisfy the requirements of Set A under 100M bandwidth (±15°@ 90% CDF UE), but cannot satisfy Set B (±8°@ 90% CDF UE).


Highway scenario

Observation 9: For highway scenario, the absolute positioning accuracy in horizontal can reach 0.4456 m for 90% UEs under 100M bandwidth.
Observation 10: The positioning errors in highway can satisfy the requirements of Set A under 100M bandwidth (1.5m@ 90% CDF UE), but cannot satisfy Set B (0.5m@ 90% CDF UE).
Observation 11: For highway scenario, the relative positioning accuracy in horizontal can reach 0.7594 m for 90% UEs under 100MHz bandwidth.
Observation 12: The positioning errors in highway scenario can satisfy the requirements of Set A under 100MHz bandwidth (1.5m@ 90% CDF UE), but cannot satisfy Set B (0.5m@ 90% CDF UE).
Observation 13: For highway scenario, the distance accuracy can reach 0.1922 m for 90% UEs under 100M bandwidth.
Observation 14: The distance accuracy in highway can satisfy the requirements of Set A under 100M bandwidth (1.5m @ 90% CDF UE), and also satisfy Set B (0.5m @ 90% CDF UE).
Observation 15: For highway scenario, the angle accuracy can reach 3.1°for 90% UEs under 40M bandwidth.
Observation 16: The angle accuracy in highway can satisfy the requirements of Set A under 40M bandwidth (±15°@ 90% CDF UE), and also satisfy Set B (±8°@ 90% CDF UE).

IIoT InF-SH scenario

Observation 17: For IIoT scenario, the relative positioning accuracy in horizontal can reach 0.79 m for 90% UEs under 40MHz bandwidth and 0.2471 m for 90% UEs under 100MHz bandwidth.
Observation 18: The positioning errors in IIoT scenario can satisfy the requirements of Set A under 40M bandwidth (1m@ 90% CDF UE), but cannot satisfy Set B (0.2m@ 90% CDF UE).
Observation 19: For IIoT scenario, the distance accuracy can reach 0.683 m for 90% UEs under 40MHz bandwidth and 0.1636 m for 90% UEs under 100MHz bandwidth.
Observation 20: The distance accuracy in IIoT can satisfy the requirements of Set A under 40M bandwidth (1 @ 90% CDF UE), but cannot satisfy Set B (0.2m @ 90% CDF UE).
Observation 21: For IIoT scenario, the angle accuracy can reach 5.078°for 90% UEs under 40M bandwidth.
Observation 22: The angle accuracy in IIoT can satisfy the requirements of Set A under 40M bandwidth (±15°@ 90% CDF UE), and also satisfy Set B (±8°@ 90% CDF UE).
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Appendix 1: Evaluation Results for Urban scenario
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Figure 4 Simulation results for urban grid for relative positioning (X=10m) - horizontal accuracy
Appendix 2: Evaluation Results for Highway scenario
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Figure 5 Simulation results for Highway for relative positioning (X=20m, BW=40M) - horizontal accuracy
Appendix 3: Evaluation Results for IIoT scenario
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Figure 6 Simulation results for IIoT for relative positioning (X=10m, BW=40M) - horizontal accuracy
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Figure 7 Simulation results for IIoT for relative positioning (X=10m, BW=100M) - horizontal accuracy
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