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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1 #109-e, the following agreements were made on scenarios/requirements and SL positioning methodologies [1].Agreement
For evaluations of relative positioning, the horizontal plane is assumed parallel to the ground.
Woking assumption
For evaluation of V2X use-cases for SL positioning, the following accuracy requirements are considered:
· Set A (similar to “Set 2” defined in TR 38.845)
· Horizontal accuracy of 1.5 m (absolute and relative); Vertical accuracy of 3 m (absolute and relative) for 90% of UEs
· Set B (similar to “Set 3” defined in TR 38.845)
· Horizontal accuracy of 0.5 m (absolute and relative); Vertical accuracy of 2 m (absolute and relative) for 90% of UEs
· Note 1: For evaluated SL positioning methods, companies are expected to report: 
· (1) whether each of the two requirements are satisfied, and 
· (2) %-ile of UEs satisfying the target positioning accuracy for a requirement that may not be satisfied with 90%.
· Note 2: target positioning requirements may not necessarily be reached for all scenarios and deployments
· Note 3: all positioning techniques may not achieve all positioning requirements in all scenarios

Agreement
· The following performance metrics for SL positioning accuracy evaluation is defined:
· 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

· Companies are required to output 
· The percentiles of positioning accuracy error including 50%, 67%, 80%, 90% of UEs, 
· FFS others
· And the CDF of positioning accuracy error
· Performance metrics other than positioning accuracy, such as PHY/end-to-end latency, are up to companies 

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



In this paper, we provide evaluation results for SL positioning based on the evaluation methodologies agreed in RAN1 #109-e. This is an updated version of [3] with additional results for IIoT and commercial scenarios.

2. [bookmark: _Hlk115398968]Evaluation results for V2X use cases
2.1. [bookmark: _Hlk115395069]Highway evaluation
Highway simulations in this section reuse the road configuration, antenna configuration and channel model from TR 37.885[2] as agreed in RAN1 #110.  Road length is 2000m and has 3 lanes for each direction. UE-type RSUs are located with 200m spacing on both side of the road. General simulation assumptions are provided in Appendix.  
2.1.1. Ranging
Ranging accuracy is expressed as the difference (error) between the calculated distance and the actual distance in relation to another node. In this section, we provide evaluation results for ranging accuracy in the V2X highway scenario based on RTT. Table 1 and Figure 1 show the results for different bandwidth and X (minimum distance between two UEs engaged in ranging) values.
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Figure 1. CDF of Ranging error for V2X highway scenario

Table 1. Ranging error (distance in meters) for V2X highway scenario
	Case
	50%
	67%
	80%
	90%
	Whether meet the requirement of Set A
	Whether meet the requirement of Set B

	Freeway, No RSU
BW=40MHz, X=50m
	0.5674
	0.8595
	1.2340
	1.6772
	No
(85.3%)
	No
(45.9%)

	Freeway, No RSU
BW=40MHz, X=100m
	0.5627
	0.8754
	1.2657
	1.7267
	No
(84.3%)
	No
(45.1%)

	Freeway, No RSU
BW=100MHz, X=50m
	0.3268
	0.5167
	0.6955
	0.9988
	Yes
	No
(66.8%)

	Freeway, No RSU
BW=100MHz, X=100m
	0.3246
	0.5073
	0.7125
	1.0147
	Yes
	No
(67.5%)



Observation 1: In V2X Highway scenario, as X decreases from 100m to 50m, ranging accuracy for distance improves by 3% and 1.6% for 40MHz and 100MHz bandwidth respectively. 

Observation 2: For ranging accuracy for SL positioning for V2X highway scenario, for the evaluated positioning methods,
· For 100MHz bandwidth, Set A requirements can be met for both X=50m and 100m while 66.8%-tile and 67.5%-tile UEs satisfies Set B requirement for X=50m and X=100m, respectively. 
· For 40MHz bandwidth, 85.3%-ile of UE satisfies Set A target positioning accuracy and 45.9%-ile of UE satisfies Set B target positioning accuracy with X=50m. 

2.1.2. Absolute positioning 
[bookmark: _Hlk115399397]Absolute positioning accuracy is expressed as the difference (error) between the calculated horizontal position and the actual horizontal position. In this section, we provide evaluation results for absolute accuracy in the V2X highway scenario based on DL TDOA. Figure 2 and Table 2 show the horizontal absolute error with different bandwidth and RSU deployment. 
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Figure 2. CDF of Absolute error for V2X highway scenario 

Table 2. Absolute positioning error (meters) for V2X highway scenario
	Case
	50%
	67%
	80%
	90%
	Whether meet the requirement of Set A
	Whether meet the requirement of Set B

	Freeway, RSU
(symmetric)
BW=40MHz
	Horizontal
	1.7843
	2.5839
	3.7326
	5.0870
	No
(42.2%)
	No
(9.2%)

	
	Direction along the road (X)
	0.3208 
	0.4736 
	0.6003 
	0.8393
	Yes
	

	
	Direction perp. to the road (Y)
	1.7593 
	2.5483 
	3.6461 
	5.0858
	
	

	Freeway, RSU (staggered)
BW=40MHz

	Horizontal
	1.7848
	2.5153
	3.6933
	4.9242
	No
(43.0%)
	No
(9.2%)

	
	Direction along the road (X)
	0.3245
	0.4751
	0.6018
	0.8219
	
	

	
	Direction perp. to the road (Y)
	1.7629
	2.5035
	3.5550
	4.9230
	
	

	Freeway, RSU
(symmetric)
BW=100MHz
	Horizontal
	0.8877
	1.3001
	1.7296
	2.3902
	No
(71.3%)
	No
(30.4%)

	
	Direction along the road (X)
	0.1632
	0.2310
	0.3062
	0.4348
	
	

	
	Direction perp. to the road (Y)
	0.8575
	1.2905
	1.7110
	2.3579
	
	

	Freeway, RSU (Staggered)
BW=100MHz
	Horizontal
	0.8877
	1.2954
	1.6748
	2.2716
	No
(72.2%)
	No
(31.3%)

	
	Direction along the road (X)
	0.1633
	0.2281
	0.3053
	0.4348
	
	

	
	Direction perp. to the road (Y)
	0.8575
	1.2847
	1.6426
	2.2670
	
	



Observation 3: In V2X Highway scenario, absolute positioning accuracy can be improved by using staggered UE-type RSU deployment.

Observation 4: In V2X Highway scenario, due to the nature of the deployment, the error along the y-axis contributes significantly more to the horizontal error than the error along the x-axis.

Observation 5: For absolute positioning accuracy for horizontal errors for SL positioning for V2X highway scenario, for the evaluated positioning methods, 
· Set A and Set B requirements for V2X highway scenario are not satisfied for horizontal error. However, 
· Error along the direction of the road can satisfy the 1m bound as in Set A for both 40 MHz and 100 MHz bandwidth choices.
· Error along the direction of the road can satisfy the 0.5 m bound as in Set B for 100 MHz bandwidth.


2.2. Urban grid evaluation
Urban grid simulation in this section reuses the road configuration, antenna configuration and channel model specified for urban grid scenario in TR 37.885 [2] as agreed in RAN1 #110 meeting.  UE-type RSUs are located at the intersections. General simulation assumptions are provided in Appendix.  
2.2.1. Ranging
In this section, we provide evaluation results for ranging accuracy (distance error) for the V2X urban grid scenario based on RTT.  Figure 3 and Table 3 show the accuracy results for different X values and bandwidth. 
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Figure 3. CDF of ranging error for V2X Urban grid scenario


Table 3. Ranging error (distance in meters) for V2X urban grid scenario
	Case
	50%
	67%
	80%
	90%
	Whether meet the requirement of Set A
	Whether meet the requirement of Set B

	Urban Grid, No RSU
BW=40MHz, X=50m
	0.8530
	1.3433
	1.9306
	3.5304
	No
(72.4%)
	No
(34.2%)

	Urban Grid , No RSU
BW=40MHz, X=100m
	0.9537
	1.5218
	2.3618
	4.1848
	No
(66.1%)
	No
(30.4%)

	Urban Grid , No RSU
BW=100MHz, X=50m
	0.4730
	0.7526
	1.1483
	2.0263
	No
(83.8%)
	No
(52.5%)

	Urban Grid , No RSU
BW=100MHz, X=100m
	0.5205
	0.8853
	1.5914
	3.0596
	No
(78.6%)
	No
(49.0%)



Observation 6: In V2X urban grid scenario, as X decreases from 100m to 50m, ranging accuracy for distance improves by 5.8% and 9% for 40MHz and 100MHz bandwidth respectively. 

Observation 7: For ranging distance in V2X urban grid scenario, for the evaluated positioning methods,
· Set A and Set B requirements for ranging accuracy cannot be met for both bandwidth 40MHz and 100MHz. 
· For 40MHz, 72.4%-ile of UE satisfies Set A target and 34.2%-ile of UE satisfies Set B target with X=50m. 
· For 100MHz, 83.8%-ile of UE satisfies Set A target and 52.5%-ile of UE satisfies Set B target with X=50m.
2.2.2. Absolute positioning
In this section, we provide evaluation results for absolute positioning in the V2X urban grid scenario. Table 4 and Figure 4 show the results with different bandwidths.
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Figure 4. CDF of absolute error for V2X urban grid scenario


Table 4. Absolute error (meters) for V2X urban grid scenario
	Case
	50%
	67%
	80%
	90%
	Whether meet the requirement of Set A
	Whether meet the requirement of Set B

	Urban Grid, RSU
BW=40MHz
	Horizontal
	2.8165
	4.0782
	5.9472
	8.9635
	No
(22.2%)
	No
(2.7%)

	Urban Grid, RSU
BW=100MHz
	Horizontal
	2.0612
	3.5916
	5.1706
	7.9541
	No
(37.2%)
	No
(10.2%)




Observation 8: For absolute positioning considering horizontal errors in V2X urban grid scenario, for the evaluated positioning methods,
· Set A and Set B requirements for absolute accuracy cannot be met for both 40MHz and 100MHz bandwidth choices. 
· For 40MHz, 22.2%-ile of UE satisfies Set A target and 2.7%-ile of UE satisfies Set B target. 
· For 100MHz, 37.2%-ile of UE satisfies Set A and 10.2%-ile of UE satisfies Set B target.
 
3. Evaluation results for IIOT use case
IIoT simulation in this section reused deployment configuration, antenna configuration and channel model specified for InF-SH scenario in TR 38.857 as agreed in RAN1 #109 meeting. General simulation assumptions are provided in Appendix.  
3.1.1. Ranging
In this section, we provide evaluation results for ranging accuracy (distance error) for the InF-SH scenario based on RTT.  Table 5 shows the accuracy results for different X values for 100MHz bandwidth. 

Table 5. Ranging error (distance in meters) for IIoT InF-SH scenario
	Case
	50%
	67%
	80%
	90%
	Whether meet the requirement of Set A
	Whether meet the requirement of Set B

	InF-SH
BW=100MHz, X=10m
	0.4288    
	0.7624    
	1.0009    
	1.5956
	No
(79.81%)
	No
(30.29%)

	InF-SH
BW=100MHz, X=25m
	0.4353    
	0.7544    
	1.0054    
	1.7455
	No
(79.54%)
	No
(28.12%)

	InF-SH
BW=100MHz, X=50m
	 0.4436    
	0.7380    
	1.0534    
	2.0541
	No
(78.35%)
	No
(27.72%)



Observation 9: For ranging distance in IIoT (InF-SH) scenario, for the evaluated positioning methods,
· Set A and Set B requirements for ranging accuracy cannot be met with bandwidth of 100MHz for the evaluated methods. 
· For 100MHz, 79.8%-ile of UE satisfies Set A target and 30.3%-ile of UE satisfies Set B target with X=10m.

4. Evaluation results for Commercial use case
Commercial simulation in this section used deployment configuration, antenna configuration and channel model specified for UMi scenario (200m ISD, 19-site hexagonal grid), according to the simulation assumptions of TS 38.855 and TS 36.843 A.2.1.2 as agreed in RAN1 #109 meeting. General simulation assumptions are provided in Appendix.  
4.1.1. Ranging
In this section, we provide evaluation results for ranging accuracy (distance error) for the commercial scenario based on RTT.  Table 6 shows the accuracy results for different X values for 100MHz bandwidth.

Table 6. Ranging error (distance in meters) for Commercial scenario
	Case
	50%
	67%
	80%
	90%
	Whether meet the requirement of Set A
	Whether meet the requirement of Set B

	BW=100MHz, X=25m
	0.3267    
	0.4025    
	0.4605    
	0.4754
	Yes
	No
(35.71%)

	BW=100MHz, X=50m
	0.3267    
	0.4840    
	0.5902    
	1.0752
	No
(85.71%)
	No
(29.80%)

	BW=100MHz, X=100m
	0.3185    
	0.5394    
	0.9733    
	1.1976
	No
(80.65%)
	No
(22.18%)




Observation 10: For ranging distance in commercial scenario, for the evaluated positioning methods,
· Set A requirements for ranging accuracy can be met for bandwidth 100MHz and X=25m.
· Both Set A and Set B requirements for ranging accuracy cannot be met for bandwidth 100MHz for X=50m and X=100m.
· For 100MHz, 85.7%-ile of UE satisfies Set A target and 29.8%-ile of UE satisfies Set B target with X=50m.

3. Conclusions
In this contribution, we provide evaluation results for SL positioning. Based on the results, the following observations are made. 
Observation 1: In V2X Highway scenario, as X decreases from 100m to 50m, ranging accuracy for distance improves by 3% and 1.6% for 40MHz and 100MHz bandwidth respectively. 

Observation 2: For ranging accuracy for SL positioning for V2X highway scenario, for the evaluated positioning methods,
· For 100MHz bandwidth, Set A requirements can be met for both X=50m and 100m while 66.8%-tile and 67.5%-tile UEs satisfies Set B requirement for X=50m and X=100m, respectively. 
· For 40MHz bandwidth, 85.3%-ile of UE satisfies Set A target positioning accuracy and 45.9%-ile of UE satisfies Set B target positioning accuracy with X=50m. 

Observation 3: In V2X Highway scenario, absolute positioning accuracy can be improved by using staggered UE-type RSU deployment.

Observation 4: In V2X Highway scenario, due to the nature of the deployment, the error along the y-axis contributes significantly more to the horizontal error than the error along the x-axis.

Observation 5: For absolute positioning accuracy for horizontal errors for SL positioning for V2X highway scenario, for the evaluated positioning methods, 
· Set A and Set B requirements for V2X highway scenario are not satisfied for horizontal error. However, 
· Error along the direction of the road can satisfy the 1m bound as in Set A for both 40 MHz and 100 MHz bandwidth choices.
· Error along the direction of the road can satisfy the 0.5 m bound as in Set B for 100 MHz bandwidth.
Observation 6: In V2X urban grid scenario, as X decreases from 100m to 50m, ranging accuracy for distance improves by 5.8% and 9% for 40MHz and 100MHz bandwidth respectively. 

Observation 7: For ranging distance in V2X urban grid scenario, for the evaluated positioning methods,
· Set A and Set B requirements for ranging accuracy cannot be met for both bandwidth 40MHz and 100MHz. 
· For 40MHz, 72.4%-ile of UE satisfies Set A target and 34.2%-ile of UE satisfies Set B target with X=50m. 
· For 100MHz, 83.8%-ile of UE satisfies Set A target and 52.5%-ile of UE satisfies Set B target with X=50m.

Observation 8: For absolute positioning considering horizontal errors in V2X urban grid scenario, for the evaluated positioning methods,
· Set A and Set B requirements for absolute accuracy cannot be met for both 40MHz and 100MHz bandwidth choices. 
· For 40MHz, 22.2%-ile of UE satisfies Set A target and 2.7%-ile of UE satisfies Set B target. 
· For 100MHz, 37.2%-ile of UE satisfies Set A and 10.2%-ile of UE satisfies Set B target.

Observation 9: For ranging distance in IIoT (InF-SH) scenario, for the evaluated positioning methods,
· Set A and Set B requirements for ranging accuracy cannot be met for both bandwidth 100MHz. 
· For 100MHz, 79.8%-ile of UE satisfies Set A target and 30.3%-ile of UE satisfies Set B target with X=10m.

Observation 10: For ranging distance in commercial scenario, for the evaluated positioning methods,
· Set A requirements for ranging accuracy can be met for bandwidth 100MHz and X=25m.
· Both Set A and Set B requirements for ranging accuracy cannot be met for bandwidth 100MHz for X=50m and X=100m.
· For 100MHz, 85.7%-ile of UE satisfies Set A target and 29.8%-ile of UE satisfies Set B target with X=50m.
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Appendix
Simulation assumptions
Table 5. Evaluation scenarios and parameters template
	Parameter
	Case XYZ (channel model, FRx)

	Scenario (baseline, otherwise state any modifications)
	Baseline

	Carrier frequency
	6GHz

	Subcarrier spacing
	30KHz

	Reference Signal Transmission Bandwidth
	100 MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) (reference to figure in contribution)
	DL PRS: Comb-2

	Reference signal
(type of sequence, number of ports, …)
	DL PRS: single port

	Number of sites
	1

	Number of symbols used per occasion
	DL PRS: 2 symbols

	number of occasions used per positioning estimate
	1

	Power-boosting level
	DL PRS: 3 dB

	Uplink power control (applied/not applied)
	N/A

	interference modelling (ideal muting, or other)
	Ideal muting

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

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

	Network synchronization assumptions
	Ideal synchronization

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

	Beam-related assumption (beam sweeping / alignment assumptions at the tx and rx sides)
	No Tx/Rx beam sweeping

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	Single Tx port

	UE antenna configuration
	(1, 2, 2, 1, 1)

	Number of UE branches
	4

	Description of enhancement solutions, if any
	N/A

	gNB antenna configuration
	N/A

	UE noise figure
	9 dB

	UE antenna height
	VUE: 1.6m, RSU: 5m

	gNB antenna height
	N/A
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