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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 meeting, some evaluation methodology and scenarios have been agreed. In this contribution, we further provide our views on some evaluation assumptions to evaluate SL positioning solutions. Furthermore, SL positioning simulation results are presented.
In section 5, the summarized tables based on the previous agreements are provided for convenience. 
In section 6, the suggested templates to collect companies simulation results are provided for reference. 
2 Discussion
Rel-16/17 sidelink discussion mainly focused on FR1, and the corresponding specifications may not work well in FR2 due to lack of basic FR2 functionalities, e.g. beam management. In our view, the same beam management mechanism should be used for both regular SL operation and SL positioning in FR2. So, to avoid overlapping discussion between Rel-18 SL and positioning group, we suggest to discuss SL positioning in FR2 after completing specifying regular SL communication. Therefore, for SL positioning, we suggest prioritizing SL positioning evaluation in FR1.
Proposal 1: Prioritizing SL positioning evaluation in FR1.
As agreed in RAN1#109e meeting, relative positioning or ranging is performed between two UEs within X m. Considering safety and positioning accuracy, one certain value for X m may not be appropriate for different scenarios. Therefore, we support setting different X m for different scenarios. Specifically, for highway scenarios, the safe distance between two UEs should be no less than 100m. In urban grid scenarios, 30m inter-vehicle distance would be enough as the car speed is usually lower compared with highway scenario. In indoor factory scenarios, we suggest X = 10m as UE speed is further lower. 
Proposal 2: Support X m is different for different scenarios.
2.1 Evaluation Scenarios and Assumptions
In this subsection, we provide our views on some open issues for simulation assumptions. 
2.1.1 Scenario 1— Highway
In highway scenario, to guarantee safety and improve relative positioning accuracy, we suggest X m is100m, i.e. relative positioning or ranging is performed between two UEs within 100 m
Proposal 3: For relative positioning in highway scenario, support X m is set to be 100m.
2.1.2 Scenario 2— Urban grid
[bookmark: _GoBack]In urban grid scenario, due to large pathloss and very low Los probability, absolute positioning accuracy may not be good enough. Using two UEs within X m to perform relative positioning may have more reference meaning for target UE’s location information. Therefore, we suggest to prioritize the relative positioning case in urban grid scenario. For relative positioning in urban grid scenario, to guarantee safety and improve relative positioning, we suggest X m is 30m.
Proposal 4: In urban grid scenario, SL positioning simulation should be focused on relative positioning case.
Proposal 5: For relative positioning in urban grid scenario, X m is set to 30m.
2.1.3 Scenario 3— InF-SH
Based on agreement in RAN1#109e meeting, indoor factory scenario defined in TR 38.857 [3] is used. As a typical scenario of InF, InF-SH are suggested. For achieving absolute positioning based on the combination results of SL positioning measurements and Uu based measurements, anchor UEs should be defined and dropped. For anchors selection in absolute positioning, two options can be considered in our view. One option is to set M anchors, which are uniformly distributed in the simulation area as shown in Figure 2.1.1. Another option is to set M anchors, which are randomly distributed in the simulation area. Then, BSs combining anchors can be regarded as anchor nodes for joint Uu/SL positioning. For relative positioning, two UEs within 10m can be used to perform relative positioning.
Anchor UE

Figure 2.1.1 Uniform distribution of anchor UEs in InF scenario
Proposal 6: For absolute positioning in InF-SH scenario, two options of anchor UE selection are suggested as following:
· Alt1: M anchor UEs are uniformly distributed in the simulation area.
· Alt2: M anchor UEs are randomly distributed in the simulation area.
Proposal 7: In InF-SH scenario, consider X is set to be 10m.
2.1.4 Scenario 4 and 5— Public safety and commercial
In RAN1#109e meeting, public safety and commercial use cases were agreed for SL positioning evaluation. In our opinion, for SL positioning evaluation, public safety and commercial use case can share the same evaluation scenario and assumptions. In previous release, public safety scenarios are discussed in TR 36.843 [4]. Base on TR 36.843 [4] and TR 38.901 [5], the related assumptions and parameters for public safety and commercial use cases are listed as following:
· BS location: 7 macro sites with 3 cells per site in the layout.
· UE dropping: All UEs are randomly and uniformly dropped throughout the macro geographical area. All UEs are dropped outdoors. No buildings are dropped.
· UE type: Antenna height 1.5m, speed 3km/h.
· Carrier frequency: 6GHz is supported.
· Bandwidth: 10MHz, 20MHz, 40MHz and 100MHz are considered.
· Anchor selection: For absolute positioning, M RSUs per cell are set randomly.
· Channel model between BS and UE: RMa with 1732m ISD described in TR 38.901 [5] is used.
· SL channel model: RMa described in TR 38.901 [5] is used, where related parameters of BS are replaced by UE, such as UE height, transmit power, and so on.
· X m for relative positioning: Consider X is set to be 50m.
Proposal 8: The parameters listed in Table 2.1.4 can be optionally selected for evaluating SL positioning in public safety and commercial scenarios.
Table 2.1.4. Parameters in public safety and commercial use cases for evaluation of SL positioning
	
	Absolute positioning
	Relative positioning

	BS location
	7 macro sites with 3 cells per site
	BSs are disabled

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

	Anchors selection
	M=7 RSUs per sector are dropped randomly.
	Relative positioning is performed for two UEs within 50m 

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

	Channel model between BS and UE
	RMa described in TR 38.901
	No model 

	Antenna model
	According to TR 38.901

	RSU parameters
	Same as UE including transmit power, height, antenna configuration


2.2 Evaluation Results
In this subsection, we provide the simulation results for SL positioning in the following five scenarios: highway, urban grid, InF, public safety and commercial, including both absolute positioning and relative positioning.
2.2.1 Scenario 1—Highway
Table 2.2.1 gives evaluation parameters for absolute positioning in highway scenario. Figure 2.2.1 and Table 2.2.2 show the CDF errors of simulation results for absolute positioning in highway scenario. Table 2.2.3 and Table 2.2.4 give the evaluation parameters for relative positioning in highway scenario. Figure 2.2.2 and Table 2.2.5 show the CDF errors of simulation results for relative positioning in highway scenario. Table 2.2.6 provides evaluation parameters for AOA positioning in highway scenario. Figure 2.2.3 and Table 2.2.7 show the CDF errors of simulation results for AOA positioning in highway scenario.
Table 2.2.1. Evaluation parameters for absolute positioning in highway scenario
	Parameters
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6

	Anchor nodes
	Joint positioning
	Joint positioning
	Joint positioning
	SL only positioning
	SL only positioning
	SL only positioning

	Subcarrier spacing
	30KHz
	30KHz
	30KHz
	30KHz
	30KHz
	30KHz

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

	Description of measurement algorithm
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC

	Description of positioning technique
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm
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Figure 2.2.1. Curves of CDF errors for absolute positioning in highway scenario
Table 2.2.2. CDF errors for absolute positioning in highway scenario
	
	Case
	50%
	67%
	80%
	90%
	Whether meet the requirement of Set A
	Whether meet the requirement of Set B

	Horizontal error
	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

	
	Case 3-Joint positioning, BW=20MHz
	0.6651
	0.8498
	1.104
	1.287
	Yes
	No

	
	Case 4-SL positioning, BW=100MHz
	0.2397
	0.3952
	0.5869
	0.8348
	Yes
	No

	
	Case 5-SL positioning, BW=40MHz
	0.6787
	1.02
	1.412
	2.343
	No
	No

	
	Case 6-SL positioning, BW=20MHz
	1.013
	1.542
	2.405
	3.08
	No
	No

	Vertical error
	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
	No

	
	Case 3-Joint positioning, BW=20MHz
	2.725
	7.534
	9.946
	12.76
	No
	No

	
	Case 4-SL positioning, BW=100MHz
	7.236
	8.714
	9.927
	11.81
	No
	No

	
	Case 5-SL positioning, BW=40MHz
	9.216
	10.73
	12.47
	14.64
	No
	No

	
	Case 6-SL positioning, BW=20MHz
	12.12
	14.2
	17.62
	23.06
	No
	No


Table 2.2.3. Evaluation parameters for relative positioning in highway scenario
	Parameters
	Case 7
	Case 8
	Case 9
	Case 10

	Subcarrier spacing
	30KHz
	30KHz
	30KHz
	30KHz

	Bandwidth
	40MHz
	40MHz
	40MHz
	40MHz

	X m
	50
	100
	150
	200

	Description of measurement algorithm
	MUSIC
	MUSIC
	MUSIC
	MUSIC

	Description of positioning technique
	RTT
	RTT
	RTT
	RTT


Table 2.2.4. Evaluation parameters for relative positioning in highway scenario
	Parameters
	Case 11
	Case 12
	Case 13

	Subcarrier spacing
	30KHz
	30KHz
	30KHz

	Bandwidth
	100MHz
	40MHz
	20MHz

	X m
	100
	100
	100

	Description of measurement algorithm
	MUSIC
	MUSIC
	MUSIC

	Description of positioning technique
	RTT
	RTT
	RTT
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Figure 2.2.2. Curves of CDF errors for relative positioning in highway scenario
Table 2.2.5. CDF errors for relative positioning in highway scenario
	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

	Case 8, X=100m, BW=40M
	0.2075
	0.2909
	0.4125
	0.6223
	Yes
	No

	Case 9, X=150m, BW=40M
	0.2097
	0.2945
	0.4125
	0.6555
	Yes
	No

	Case10, X=200m, BW=40M
	0.2124
	0.2984
	0.4185
	0.6714
	Yes
	No

	Case 11, BW=100M, X=100m
	0.1112
	0.1611
	0.2239
	0.3187
	Yes
	Yes

	Case 12, BW=40M, X=100m
	0.2075
	0.2909
	0.4125
	0.6223
	Yes
	No

	Case 13, BW=20M, X=100m
	0.4145
	0.5466
	0.8197
	1.173
	Yes
	No


Table 2.2.6. Evaluation parameters for AOA positioning in highway scenario
	Parameters
	Carrier frequency
	Subcarrier spacing
	Bandwidth
	Number of antennas
	Description of measurement algorithm

	Case
	6GHz
	30KHz
	40MHz
	1 Tx antenna, 4 Rx antennas
	MUSIC
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Figure 2.2.3. Curves of CDF errors for AOA positioning in highway scenario
Table 2.2.7. CDF errors for AOA positioning in highway scenario
	Case
	50%
	67%
	80%
	90%

	AOA error (degree)
	2.564
	3.604
	4.815
	7.269


Observation 1: For absolute positioning in highway scenario, horizontal error of joint positioning technique can meet the requirement of Set A agreed in RAN1#109e meeting without bandwidth limitation, i.e., horizontal positioning accuracy is less than 1.5m for 90% of UEs. Horizontal error of SL only positioning technique can meet the requirement of Set A with sufficient bandwidth, i.e., horizontal positioning accuracy with bandwidth 100MHz is less than 1.5m for 90% of UEs, horizontal positioning accuracy with bandwidth 40MHz is less than 1.5m for 80% of UEs, and horizontal positioning accuracy with bandwidth 20MHz is less than 1.5m for 50% of UEs. In terms of vertical positioning accuracy, vertical error of joint positioning technique can meet the requirement of Set A with sufficient bandwidth, i.e., vertical positioning accuracy is less than 3m for 90% of UEs with bandwidth 100MHz. Vertical positioning accuracy of joint positioning technique with bandwidth 40MHz and 20MHz are less than 3m for 80% and 50% of UEs, respectively.
Observation 2: For relative positioning in highway scenario, the larger X is, the worse the positioning accuracy is. For all of the selected X, positioning accuracy with bandwidth 40MHz can satisfy the requirement of Set A. For the certainty X=100m, SL positioning can meet the requirement of Set A without bandwidth limitation, i.e., positioning accuracy is less than 1.5m for 90% of UEs.
Observation 3: For AOA positioning in highway scenario, AOA positioning accuracy is 7.268 degree for 90% of UEs.
2.2.2 Scenario 2—Urban grid
Table 2.2.8 and Table 2.2.9 provide the evaluation parameters for relative positioning in urban scenario. Figure 2.2.4 and Table 2.2.10 show the CDF errors of simulation results for relative positioning in urban scenario.
Table 2.2.8. Evaluation parameters for relative positioning in urban scenario
	Parameters
	Case 14
	Case 15
	Case 16
	Case 17

	Subcarrier spacing
	30KHz
	30KHz
	30KHz
	30KHz

	Bandwidth
	40MHz
	40MHz
	40MHz
	40MHz

	X m
	20
	30
	50
	80

	Description of measurement algorithm
	MUSIC
	MUSIC
	MUSIC
	MUSIC

	Description of positioning technique
	RTT
	RTT
	RTT
	RTT


Table 2.2.9. Evaluation parameters for relative positioning in urban scenario
	Parameters
	Case 18
	Case 19
	Case 20

	Subcarrier spacing
	30KHz
	30KHz
	30KHz

	Bandwidth
	100MHz
	40MHz
	20MHz

	X m
	30
	30
	30

	Description of measurement algorithm
	MUSIC
	MUSIC
	MUSIC

	Description of positioning technique
	RTT
	RTT
	RTT
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Figure 2.2.4. Curves of CDF errors for relative positioning in urban scenario
Table 2.2.10. CDF errors for relative positioning in urban scenario
	Case
	50%
	67%
	80%
	90%
	Whether meet the requirement of Set A
	Whether meet the requirement of Set B

	Case 14, X=20m, BW=40M
	0.3272
	0.5479
	0.7734
	1.014
	Yes
	No

	Case 15, X=30m, BW=40M
	0.3559
	0.5654
	0.8703
	1.413
	Yes
	No

	Case 16, X=50m, BW=40M
	0.4467
	0.752
	1.11
	2.59
	No
	No

	Case 17, X=80m, BW=40M
	0.4828
	0.8532
	1.587
	6.793
	No
	No

	Case 18, BW=100M, X=30m
	0.1813
	0.2942
	0.444
	0.752
	Yes
	No

	Case 19, BW=40M, X=30m
	0.3559
	0.5654
	0.8703
	1.413
	Yes
	No

	Case 20, BW=20M, X=30m
	0.7525
	1.151
	1.785
	2.782
	No
	No


Observation 4: For relative positioning in urban grid scenario, the less X is, the better the positioning accuracy is. When X is selected to be 30m, positioning accuracy meets requirement of Set A with sufficient bandwidth, i.e., relative positioning accuracy is less than 1.5m for 90% of UEs with bandwidth 100MHz and 40MHz. Relative positioning accuracy with bandwidth 20MHz is less than 1.5m for 67% of UEs, when X is set to be 30m.
2.2.3 Scenario 3—InF-SH
Table 2.2.11 gives the evaluation parameters for absolute positioning in InF-SH scenario, where RSUs are uniformly distributed in the simulation area for joint positioning method. Figure 2.2.5 and Table 2.2.12 show the CDF errors of simulation results for absolute positioning in InF-SH scenario. Table 2.2.13 and Table 2.2.14 provide the evaluation parameters for relative positioning in InF-SH scenario. Figure 2.2.6 and Table 2.2.15 show the CDF errors of simulation results for relative positioning in InF-SH scenario.
Table 2.2.11. Evaluation parameters for absolute positioning in InF-SH scenario
	Parameters
	Case 21
	Case 22
	Case 23
	Case 24
	Case 25
	Case 26

	Anchor nodes
	Joint positioning
	Joint positioning
	Joint positioning
	SL positioning
	SL positioning
	SL positioning

	Carrier frequency
	6GHz
	6GHz
	6GHz
	6GHz
	6GHz
	6GHz

	Subcarrier spacing
	30KHz
	30KHz
	30KHz
	30KHz
	30KHz
	30KHz

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

	Description of measurement algorithm
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC

	Description of positioning technique
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm
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Figure 2.2.5. Curves of CDF errors for absolute positioning in indoor factory scenario
Table 2.2.12. CDF errors for absolute positioning in InF-SH scenario
	Case
	50%
	67%
	80%
	90%
	Whether meet the requirement of Set A
	Whether meet the requirement of Set B

	Case 21-Joint positioning, BW=100M
	0.1926
	0.318
	0.4258
	0.5778
	Yes
	No

	Case 22-Joint positioning, BW=40M
	0.5303
	0.6574
	0.8311
	1.07
	No
	No

	Case 23-Joint positioning, BW=20M
	0.9272
	1.271
	1.675
	2.197
	No
	No

	Case 24-SL positioning, BW=100M
	0.2535
	0.3424
	0.5115
	0.7894
	Yes
	No

	Case 25-SL positioning, BW=40M
	0.4399
	0.5695
	1.8338
	1.257
	No
	No

	Case 26-SL positioning, BW=20M
	1.003
	1.398
	1.961
	3.265
	No
	No


Table 2.2.13. Evaluation parameters for relative positioning in InF-SH
	Parameters
	Case 27
	Case 28
	Case 29

	Carrier frequency
	6GHz
	6GHz
	6GHz

	Subcarrier spacing
	30KHz
	30KHz
	30KHz

	Bandwidth
	40MHz
	40MHz
	40MHz

	X m
	10
	20
	30

	Description of measurement algorithm
	MUSIC
	MUSIC
	MUSIC

	Description of positioning technique
	RTT
	RTT
	RTT


Table 2.2.14. Evaluation parameters for relative positioning in InF-SH
	Parameters
	Case 30
	Case 31
	Case 32

	Carrier frequency
	6GHz
	6GHz
	6GHz

	Subcarrier spacing
	30KHz
	30KHz
	30KHz

	Bandwidth
	100MHz
	40MHz
	20MHz

	X m
	10
	10
	10

	Description of measurement algorithm
	MUSIC
	MUSIC
	MUSIC

	Description of positioning technique
	RTT
	RTT
	RTT
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Figure 2.2.6. Curves of CDF errors for relative positioning in InF-SH scenario
Table 2.2.15. CDF errors for relative positioning in InF-SH scenario
	Case
	50%
	67%
	80%
	90%
	Whether meet the requirement of Set A
	Whether meet the requirement of Set B

	Case 27, X=10m, BW=40M
	0.3471
	0.5429
	0.8562
	1.304
	No
	No

	Case 28, X=20m, BW=40M
	0.3692
	0.5666
	0.8597
	1.271
	No
	No

	Case 29, X=30m, BW=40M
	0.3548
	0.568
	0.8629
	1.295
	No
	No

	Case 30, BW=100M, X=10m
	0.1741
	0.2776
	0.3925
	0.714
	Yes
	No

	Case 31, BW=40M, X=10m
	0.3471
	0.5429
	0.8562
	1.304
	No
	No

	Case 32, BW=20M, X=10m
	0.7925
	1.2
	1.81
	2.536
	No
	No


Observation 5: For absolute positioning in InF-SH scenario, both joint positioning and SL only positioning all meet the requirement of Set A with sufficient bandwidth, i.e., horizontal positioning accuracy is less than 1m for 90% of UEs with bandwidth 100MHz. In terms of joint positioning technique, horizontal positioning accuracy with bandwidth 40MHz is less than 1m for 80% of UEs, and horizontal positioning accuracy with bandwidth 20MHz is less than 1m for 50% of UEs. For SL only positioning, horizontal positioning accuracy with bandwidth 40MHz is less than 1m for 67% of UEs.
Observation 6: For relative positioning in InF-SH scenario, positioning accuracy can meet the requirement of set A with sufficient bandwidth, i.e., positioning accuracy is less than 1m for 90% of UEs with bandwidth 100MHz and X=10m. For the certain X=10m, positioning accuracy with bandwidth 40MHz and 20MHz can be less than 1m for 80% and 50% of UEs, respectively.
2.2.4 Scenario 4 and 5—Public safety and commercial
In public safety and commercial scenarios, the same evaluation assumptions and parameters are adopted as shown in section 2.1.4. Table 2.2.16 gives evaluation parameters for absolute positioning in public safety and commercial use cases. Figure 2.2.7 and Table 2.2.17 show the CDF errors of simulation results for absolute positioning in public safety and commercial scenarios. Table 2.2.18 and Table 2.2.19 give the evaluation parameters for relative positioning in public safety and commercial scenarios. Figure 2.2.8 and Table 2.2.20 show the CDF errors of simulation results for relative positioning for public safety and commercial use cases.
Table 2.2.16. Evaluation parameters for absolute positioning in public safety and commercial scenarios
	Parameters
	Case 33
	Case 34
	Case 35
	Case 36
	Case 37
	Case 38

	Anchor nodes
	Joint positioning
	Joint positioning
	Joint positioning
	SL only positioning
	SL only positioning
	SL only positioning

	Carrier frequency
	6GHz
	6GHz
	6GHz
	6GHz
	6GHz
	6GHz

	Subcarrier spacing
	30KHz
	30KHz
	30KHz
	30KHz
	30KHz
	30KHz

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

	Description of measurement algorithm
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC
	MUSIC

	Description of positioning technique
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm
	TDOA, Gauss-Newton algorithm
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Figure 2.2.7. Curves of CDF errors for absolute positioning in public safety and commercial scenarios
Table 2.2.17. CDF errors for absolute positioning in public safety and commercial scenarios
	Case
	50%
	67%
	80%
	90%
	Whether meet the requirement

	Case 33-Joint positioning, BW=100M
	0.2579
	0.336
	0.4202
	0.4901
	Yes

	Case 34-Joint positioning, BW=40M
	0.6138
	0.4337
	1.515
	2.421
	No

	Case 35-Joint positioning, BW=20M
	1.757
	2.441
	2.802
	4.883
	No

	Case 36-SL positioning, BW=100M
	0.3222
	0.4337
	0.5335
	0.7002
	Yes

	Case 37-SL positioning, BW=40M
	0.7694
	1.177
	1.545
	2.571
	No

	Case 38-SL positioning, BW=20M
	1.958
	2.622
	3.89
	5.891
	No


Table 2.2.18. Evaluation parameters for relative positioning in public safety and commercial
	Parameters
	Case 39
	Case 40

	Carrier frequency
	6GHz
	6GHz

	Subcarrier spacing
	30KHz
	30KHz

	Bandwidth
	40MHz
	40MHz

	X m
	100
	50

	Description of measurement algorithm
	MUSIC
	MUSIC

	Description of positioning technique
	RTT
	RTT


Table 2.2.19. Evaluation parameters for relative positioning in public safety and commercial
	Parameters
	Case 41
	Case 42
	Case 43

	Carrier frequency
	6GHz
	6GHz
	6GHz

	Subcarrier spacing
	30KHz
	30KHz
	30KHz

	Bandwidth
	100MHz
	40MHz
	20MHz

	X m
	50
	50
	50

	Description of measurement algorithm
	MUSIC
	MUSIC
	MUSIC

	Description of positioning technique
	RTT
	RTT
	RTT


[image: relative_PublicSafety][image: relative_PublicSafety_20M_40M_100M-50m]
Figure 2.2.8. Curves of CDF errors for relative positioning in public safety and commercial scenario
Table 2.2.15. CDF errors for relative positioning in public safety and commercial scenario
	Case
	50%
	67%
	80%
	90%
	Whether meet the requirement

	Case 39, X=100m, BW=40M
	0.4947
	0.8056
	1.132
	1.696
	No

	Case 40, X=50m, BW=40M
	0.4626
	0.7163
	1.013
	1.358
	No

	Case 41, BW=100M, X=50m
	0.2806
	0.3966
	0.5738
	0.9514
	Yes

	Case 42, BW=40M, X=50m
	0.4626
	0.7163
	1.013
	1.358
	No

	Case 43, BW=20M, X=50m
	1.003
	1.65
	2.306
	3.506
	No


Observation 7: For absolute positioning in public safety and commercial use case, both joint positioning and SL only positioning meet the requirement of Set A with sufficient bandwidth, i.e., horizontal posirioning accuracy is less than 1m for 90% of UEs with bandwidth 100MHz. In terms of joint positioning technique, horizontal positioning accuracy with bandwidth 40MHz is less than 1m for 67% of UEs. For SL only positioning, horizontal positioning accuracy with bandwidth 40MHz is less than 1m for 50% of UEs.
Observation 8: For relative positioning in public safety and commercial use case, for the certain X=50m, positioning accuracy can meet the requirement of Set A with sufficient bandwidth, i.e., positioning accuracy is less than 1m for 90% of UEs with bandwidth 100MHz. For X=50m, positioning accuracy with bandwidth 40MHz can be less than 1m for 67% of UEs.
3 Conclusion
In this contribution, we provide the evaluation scenarios and parameters to evaluate SL positioning. In addition, SL positioning simulation results are showed.
Proposal 1: Prioritizing SL positioning evaluation in FR1.
Proposal 2: Support X m is different for different scenarios.
Proposal 3: For relative positioning in highway scenario, support X m is set to be 100m.
Proposal 4: In urban grid scenario, SL positioning simulation should be focused on relative positioning case.
Proposal 5: For relative positioning in urban grid scenario, X m is set to 30m.
Proposal 6: For absolute positioning in InF-SH scenario, two options of anchor UE selection are suggested as following:
· Alt1: M anchor UEs are uniformly distributed in the simulation area.
· Alt2: M anchor UEs are randomly distributed in the simulation area.
Proposal 7: In InF-SH scenario, consider X is set to be 10m.
Proposal 8: The parameters listed in Table 2.1.4 are supported for evaluating SL positioning in public safety and commercial scenarios.
Table 2.1.4. Parameters in public safety and commercial use cases for evaluation of SL positioning
	
	Absolute positioning
	Relative positioning

	BS location
	7 macro sites with 3 cells per site
	BSs are disabled

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

	Anchors selection
	M=7 RSUs per sector are dropped randomly.
	Relative positioning is performed for two UEs within 50m 

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

	Channel model between BS and UE
	RMa described in TR 38.901
	No model 

	Antenna model
	According to TR 38.901

	RSU parameters
	Same as UE including transmit power, height, antenna configuraiton


Observation 1: For absolute positioning in highway scenario, horizontal error of joint positioning technique can meet the requirement of Set A agreed in RAN1#109e meeting without bandwidth limitation, i.e., horizontal positioning accuracy is less than 1.5m for 90% of UEs. Horizontal error of SL only positioning technique can meet the requirement of Set A with sufficient bandwidth, i.e., horizontal positioning accuracy with bandwidth 100MHz is less than 1.5m for 90% of UEs, horizontal positioning accuracy with bandwidth 40MHz is less than 1.5m for 80% of UEs, and horizontal positioning accuracy with bandwidth 20MHz is less than 1.5m for 50% of UEs. In terms of vertical positioning accuracy, vertical error of joint positioning technique can meet the requirement of Set A with sufficient bandwidth, i.e., vertical positioning accuracy is less than 3m for 90% of UEs with bandwidth 100MHz. Vertical positioning accuracy of joint positioning technique with bandwidth 40MHz and 20MHz are less than 3m for 80% and 50% of UEs, respectively.
Observation 2: For relative positioning in highway scenario, the larger X is, the worse the positioning accuracy is. For all of the selected X, positioning accuracy with bandwidth 40MHz can satisfy the requirement of Set A. For the certainty X=100m, SL positioning can meet the requirement of Set A without bandwidth limitation, i.e., positioning accuracy is less than 1.5m for 90% of UEs.
Observation 3: For AOA positioning in highway scenario, AOA positioning accuracy is 7.268 degree for 90% of UEs.
Observation 4: For relative positioning in urban grid scenario, the less X is, the better the positioning accuracy is. When X is selected to be 30m, positioning accuracy meets requirement of Set A with sufficient bandwidth, i.e., relative positioning accuracy is less than 1.5m for 90% of UEs with bandwidth 100MHz and 40MHz. Relative positioning accuracy with bandwidth 20MHz is less than 1.5m for 67% of UEs, when X is set to be 30m.
Observation 5: For absolute positioning in InF-SH scenario, both joint positioning and SL only positioning all meet the requirement of Set A with sufficient bandwidth, i.e., horizontal positioning accuracy is less than 1m for 90% of UEs with bandwidth 100MHz. In terms of joint positioning technique, horizontal positioning accuracy with bandwidth 40MHz is less than 1m for 80% of UEs, and horizontal positioning accuracy with bandwidth 20MHz is less than 1m for 50% of UEs. For SL only positioning, horizontal positioning accuracy with bandwidth 40MHz is less than 1m for 67% of UEs.
Observation 6: For relative positioning in InF-SH scenario, positioning accuracy can meet the requirement of set A with sufficient bandwidth, i.e., positioning accuracy is less than 1m for 90% of UEs with bandwidth 100MHz and X=10m. For the certain X=10m, positioning accuracy with bandwidth 40MHz and 20MHz can be less than 1m for 80% and 50% of UEs, respectively.
Observation 7: For absolute positioning in public safety and commercial use case, both joint positioning and SL only positioning meet the requirement of Set A with sufficient bandwidth, i.e., horizontal posirioning accuracy is less than 1m for 90% of UEs with bandwidth 100MHz. In terms of joint positioning technique, horizontal positioning accuracy with bandwidth 40MHz is less than 1m for 67% of UEs. For SL only positioning, horizontal positioning accuracy with bandwidth 40MHz is less than 1m for 50% of UEs.
Observation 8: For relative positioning in public safety and commercial use case, for the certain X=50m, positioning accuracy can meet the requirement of Set A with sufficient bandwidth, i.e., positioning accuracy is less than 1m for 90% of UEs with bandwidth 100MHz. For X=50m, positioning accuracy with bandwidth 40MHz can be less than 1m for 67% of UEs.
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5 Summary for agreed assumptions
Table 5.1 Common parameters applicable for all scenarios
	Bandwidth (MHz)
	· For SL positioning evaluation, simulation bandwidths of 10, 20, 40 and 100 MHz in FR1 can be used. 
· For SL positioning evaluation, simulation bandwidths of 100, 200 and 400MHz in FR2 can be used.

	Performance metrics
	· The percentiles of positioning accuracy error including 50%, 67%, 80%, 90% of UEs.  
· The CDF of positioning accuracy error
· Performance metrics other than positioning accuracy, such as PHY/end-to-end latency, are up to companies
· For relative and absolute positioning
· horizontal accuracy
· vertical accuracy
· For ranging 
· Ranging for distance, i.e. accuracy of distance
· Ranging for angle, i.e. accuracy of angle

	Positioning methodology
	· 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
· Positioning method should be reported by companies. 

	SL-PRS
	The existing pattern and sequence of DL-PRS or positioning SRS can be reused as baseline for evaluation purpose
· Companies should provide the description if other pattern and sequence are evaluated, 
· AGC settling time is considered by companies

	Synchronization
	As baseline, Perfect synchronization between network and anchor UEs in the evaluation is assumed.
· Network synchronization error and timing errors defined in TR 38.857 Table 6-1 can also be optionally used by companies for Synchronization between BS and BS, between BS and anchor UEs, and between anchor UEs.

	Location error sidelink anchors
	As baseline for absolute positioning, sidelink anchors location coordinates are perfectly known. 
· Uncertainty in the sidelink anchors location coordinates can be considered by companies

	PHY/link level abstraction
	Explicit simulation of all links, individual parameters estimation is applied. Companies to provide description of applied algorithms for estimation of signal location parameters.



Table 5.2. Parameters in highway for evaluation of SL positioning
	Road configuration
	TR 37.885 Annex A

	Carrier frequency 
	Uu : 2 GHz or 4GHz
SL: 6 GHz

	BS Tx power 
	Macro BS: 49dBm 

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

	BS receiver noise figure
	5dB

	UE receiver noise figure
	9 dB

	UE drop
	UE dropping option A defined in section 6.1.2 of TR 37.885 is used, i.e.
· 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

	Anchors selection
	All BSs and RSUs can be used
	

	Channel model
	follows description in TR 37.885 section 6.2

	BS and UE Antenna models
	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


	BS/RSU deployment for SL absolute positioning
	· 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: C:\Users\10207298.ZTE\AppData\Local\Temp\ksohtml24636\wps1.jpg]
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.

	BS/RSU deployment for relative positioning or ranging
	· 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: C:\Users\10207298.ZTE\AppData\Local\Temp\ksohtml24636\wps2.jpg]


Table 5.3. Parameters in urban grid for evaluation of SL positioning
	Road configuration
	TR 37.885 Annex A

	Carrier frequency
	For FR1: Uu : 4 GHz , SL: 6 GHz

	BS Tx power
	For FR1: Macro BS: 49dBm

	UE Tx power
	For FR1: Vehicle UE or UE type RSU: 23dBm

	BS receiver noise figure
	For FR1: 5dB

	UE receiver noise figure
	For FR1: 9 dB

	UE drop
	UE dropping option A defined in section 6.1.2 of TR 37.885 is used,
· 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.

	Channel model
	Follows description in TR 37.885 section 6.2

	BS and UE Antenna models
	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

	BS/RSU deployment for SL absolute positioning
	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

	BS/RSU deployment for relative positioning or ranging
	· 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


Table 5.4. Parameters in InF-SH for evaluation of SL positioning
	BS-2-UE channel model
	InF-SH and/or InF-DH defined in TR 38.857

	SL 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

	Performance types
	at least include absolute accuracy and relative accuracy


Table 5.5. Parameters in Public safety for evaluation of SL positioning
	General assumption
	Companies should provide detailed simulation assumptions including selected scenarios, channel models, center frequency, UE drop models, etc.
· Evaluation methodology on channel model of TR 36.843 is reused, 
· Reuse the parameters of “Channel models” specified in Section A.2.1.2 of TR 36.843 with modification: Each component of channel model reuses what is specified in TR 38.901
· Anchor UE height should be reported by companies, e.g. anchor UE height is the same as TRP

	Performance types
	The performance metrics at least include absolute positioning accuracy and ranging with distance accuracy. Optionally, relative positioning accuracy or ranging with angle accuracy.


Table 5.6. Parameters in Public safety for evaluation of SL positioning
	General assumption
	Companies should provide detailed simulation assumptions including selected scenarios, channel models, center frequency, UE drop models, etc.
· Evaluation methodology on channel model of TR 36.843 is reused, 
· Reuse the parameters of “Channel models” specified in Section A.2.1.2 of TR 36.843 with modification: Each component of channel model reuses what is specified in TR 38.901
· Anchor UE height should be reported by companies, e.g. anchor UE height is the same as TRP

	Performance types
	The performance metrics at least include absolute positioning accuracy and ranging with distance accuracy. Optionally, relative positioning accuracy or ranging with angle accuracy.


6 Template to collect simulation results for each company
Table 6.1 Assumptions for all scenarios if they are different from or not specified in the agreements
	
	

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

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

	e.g. PRS pattern
	



6.1 Highway scenario for V2X use case
Table 6.1.1 Assumptions for highway if they are different from or not specified in the agreements
	e.g.UE Antenna model
	Single panel or two panels?

	e.g.BS/RSU deployment for absolute positioning
	Option 1 or 2?

	e.g. BS/RSU deployment for relative positioning/ranging 
	

	…
	



Table 6.1.2 Simulation results for absolute positioning - horizontal accuracy
	
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	e.g. Case #1, BW#100M, FR#1, positioning method #TDOA,
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement

	e.g. Case #2, BW#40M, FR#1, positioning method #TDOA,
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement

	
	
	
	
	
	
	



Table 6.1.3 Simulation results for absolute positioning - vertical accuracy
	
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	e.g. Case #, BW#, FR#, positioning method#,
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement

	
	
	
	
	
	
	



Table 6.1.4 Simulation results for relative positioning - horizontal accuracy
	
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	e.g. Case #1, BW#, FR#, positioning method#,
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement

	
	
	
	
	
	
	



Table 6.1.5 Simulation results for relative positioning - vertical accuracy
	
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	e.g. Case #, BW#, FR#, positioning method#,
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement

	
	
	
	
	
	
	


Table 6.1.6 Simulation results for ranging - distance accuracy
	
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	e.g. Case #1, BW#, FR#, positioning method#,
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement

	
	
	
	
	
	
	



Table 6.1.7 Simulation results for ranging positioning - angle accuracy
	
	50%
	67%
	80%
	90%
	Whether meet the requirement

	e.g. Case #, BW#, FR#, positioning method#,   
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy for a requirement set

	
	
	
	
	
	




6.2 Urban grid scenario for V2X use case
Table 6.2.1 Assumptions for urban grid if they are different from or not specified in the agreements
	e.g. UE Antenna model
	

	e.g. BS/RSU deployment for absolute positioning
	

	e.g. BS/RSU deployment for relative positioning/ranging 
	

	…
	



Table 6.2.2 Simulation results for absolute positioning - horizontal accuracy
	
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	e.g. Case #1, BW#100M, FR#1, positioning method #TDOA,
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement

	e.g. Case #2, BW#40M, FR#1, positioning method#TDOA,
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement

	
	
	
	
	
	
	



Table 6.2.3 Simulation results for absolute positioning - vertical accuracy
	
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	e.g. Case #, BW#, FR#, positioning method#,
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement

	
	
	
	
	
	
	



Table 6.2.4 Simulation results for relative positioning - horizontal accuracy
	
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	e.g. Case #, BW#, FR#, positioning method#,
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement

	
	
	
	
	
	
	



Table 6.2.5 Simulation results for relative positioning - vertical accuracy
	
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	e.g. Case #, BW#, FR#, positioning method#,
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement

	
	
	
	
	
	
	


Table 6.2.6 Simulation results for ranging - distance accuracy
	
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	e.g. Case #, BW#, FR#, positioning method#,
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement

	
	
	
	
	
	
	




Table 6.2.7 Simulation results for ranging positioning - angle accuracy
	
	50%
	67%
	80%
	90%
	Whether meet the requirement

	e.g. Case #, BW#, FR#, positioning method#,   
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy for a requirement set

	
	
	
	
	
	




6.3 IIOT use case
Table 6.3.1 Assumptions for IIOT if they are different from or not specified in the agreements
	
	

	
	

	 
	

	
	



Table 6.3.2 Simulation results for absolute positioning - horizontal accuracy
	
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	e.g. Case #1, BW#100M, FR#1, positioning method #TDOA,
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement

	e.g. Case #2, BW#40M, FR#1, positioning method#TDOA,
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement

	
	
	
	
	
	
	




Table 6.3.3 Simulation results for absolute positioning - vertical accuracy
	
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	e.g. Case #, BW#, FR#, positioning method#,
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement

	
	
	
	
	
	
	




Table 6.3.4 Simulation results for relative positioning - horizontal accuracy
	
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	e.g. Case #, BW#, FR#, positioning method#,
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement

	
	
	
	
	
	
	



Table 6.3.5 Simulation results for relative positioning - vertical accuracy
	
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	e.g. Case #, BW#, FR#, positioning method#,
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement

	
	
	
	
	
	
	


Table 6.3.6 Simulation results for ranging - distance accuracy
	
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	e.g. Case #, BW#, FR#, positioning method#,
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy requirement

	
	
	
	
	
	
	



Table 6.3.7 Simulation results for ranging positioning - angle accuracy
	
	50%
	67%
	80%
	90%
	Whether meet the requirement

	e.g. Case #, BW#, FR#, positioning method#,   
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy for a requirement set

	
	
	
	
	
	




6.4 Public safety use case
Table 6.4.1 Assumptions for Public safety if they are different from or not specified in the agreements
	Scenario
	Uma or RMa or Indoor office?

	
	

	 
	

	
	



Table 6.4.2 Simulation results for absolute positioning - horizontal accuracy
	
	50%
	67%
	80%
	90%
	Whether meet the requirement

	e.g. Case #1, BW#100M, FR#1, positioning method #TDOA,
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy for a requirement

	e.g. Case #2, BW#40M, FR#1, positioning method#TDOA,
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy for a requirement set

	
	
	
	
	
	



Table 6.4.3 Simulation results for absolute positioning - vertical accuracy
	
	50%
	67%
	80%
	90%
	Whether meet the requirement

	e.g. Case #, BW#, FR#, positioning method#,
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy for a requirement set

	
	
	
	
	
	



Table 6.4.4 Simulation results for relative positioning - horizontal accuracy
	
	50%
	67%
	80%
	90%
	Whether meet the requirement

	e.g. Case #1, BW#, FR#, positioning method#,
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy for a requirement set

	
	
	
	
	
	



Table 6.4.5 Simulation results for relative positioning - vertical accuracy
	
	50%
	67%
	80%
	90%
	Whether meet the requirement

	e.g. Case #, BW#, FR#, positioning method#,
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy for a requirement set

	
	
	
	
	
	


Table 6.4.6 Simulation results for ranging - distance accuracy
	
	50%
	67%
	80%
	90%
	Whether meet the requirement

	e.g. Case #1, BW#, FR#, positioning method#,
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy for a requirement set

	
	
	
	
	
	



Table 6.4.7 Simulation results for ranging positioning - angle accuracy
	
	50%
	67%
	80%
	90%
	Whether meet the requirement

	e.g. Case #, BW#, FR#, positioning method#,
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy for a requirement set

	
	
	
	
	
	



6.5 Commercial use case
Table 6.5.1 Assumptions for commercial use case if they are different from or not specified in the agreements
	Scenario
	Uma or RMa or Indoor office?

	
	

	 
	

	
	



Table 6.5.2 Simulation results for absolute positioning - horizontal accuracy
	
	50%
	67%
	80%
	90%
	Whether meet the requirement

	e.g. Case #1, BW#100M, FR#1, positioning method #TDOA,
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy for a requirement set

	e.g. Case #2, BW#40M, FR#1, positioning method#TDOA,
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy for a requirement set

	
	
	
	
	
	



Table 6.5.3 Simulation results for absolute positioning - vertical accuracy
	
	50%
	67%
	80%
	90%
	Whether meet the requirement

	e.g. Case #, BW#, FR#, positioning method#,
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy for a requirement set

	
	
	
	
	
	



Table 6.5.4 Simulation results for relative positioning - horizontal accuracy
	
	50%
	67%
	80%
	90%
	Whether meet the requirement

	e.g. Case #1, BW#, FR#, positioning method#,
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy for a requirement set

	
	
	
	
	
	



Table 6.5.5 Simulation results for relative positioning - vertical accuracy
	
	50%
	67%
	80%
	90%
	Whether meet the requirement

	e.g. Case #, BW#, FR#, positioning method#,
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy for a requirement set

	
	
	
	
	
	


Table 6.5.6 Simulation results for ranging - distance accuracy
	
	50%
	67%
	80%
	90%
	Whether meet the requirement

	e.g. Case #1, BW#, FR#, positioning method#,
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy for a requirement set

	
	
	
	
	
	



Table 6.5.7 Simulation results for ranging positioning - angle accuracy
	
	50%
	67%
	80%
	90%
	Whether meet the requirement

	e.g. Case #, BW#, FR#, positioning method#,
	
	
	
	
	Yes?
If not, %-ile of UEs satisfying the target positioning accuracy for a requirement set
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Case 7, X=50m
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Highway scenario

Case 11,BW=100M

Case 12,BW=40M

Case 13,BW=20M
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Case 14,X=20m

Case 15,X=30m

Case 16,X=50m

Case 17,X=80m
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Case 18,BW=100M

Case 19,BW=40M

Case 20,BW=20M
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InF-SH Scenario

Case 21,Joint Positioning,BW=100M

Case 22,Joint Positioning,BW=40M

Case 23,Joint Positioning,BW=20M

Case 24,SL Positioning,BW=100M

Case 25,SL Positioning,BW=40M

Case 26,SL Positioning,BW=20M
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Case 27,X=10m
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InF-SH Scenario

Case 30,BW=100M

Case 31,BW=40M

Case 32,BW=20M
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Public Safety&Commercial

Case 33,Joint positioning,BW=100M

Case 34,Joint posittioning,BW=40M

Case 35,Joint positioning,BW=20M

Case 36,SL positioning,BW=100M

Case 37,SL positioning,BW=40M

Case 38,SL positioning,BW=20M
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Case 39,X=100m

Case 40,X=50m
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Case 41,BW=100M

Case 42,BW=40M

Case 43,BW=20M
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