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1 Introduction
In RAN#95-e meeting, a new WID on expanded and improved NR positioning has been approved [1], including the following objectives:
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In this contribution, the initial evaluation results of sidelink positioning are discussed.
2 Evaluation for V2X use cases
2.1 Evaluation assumption
The evaluation follows the agreed assumptions for evaluation of V2X scenario. The road configuration for urban grid is considered. UE dropping option-A defined in TR 37.885 is used. The antenna model follows vehicle UE option 1 in TR 37. 885.  The channel model also follows TR 37.885. 
PC5 only based positioning is considered in the evaluation, and ranging distance performance is evaluated. Ranging is performed between any two UEs the geographical locations of which are within X meters. In the evaluation, the value of X is set to be 20, 50 or 100m. Single side RTT [2] is used to estimate the distance between two UEs. 

The existing pattern and sequence of DL-PRS are considered in the evaluation. In the evaluation, perfect synchronization among two UEs performing ranging is assumed. The detailed evaluation assumptions are listed in Table 1.
Table 1: evaluation assumptions for V2X urban scenario
	Parameter
	

	Carrier frequency
	6GHz

	Subcarrier spacing
	30KHz

	Reference Signal Transmission Bandwidth
	20MHz, 40MHz, 100MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	DL PRS, comb 2, 2 symbols

	Reference signal including PRS, SRS and SL-PRS

(type of sequence, number of ports, …)
	SL-PRS

	Number of symbols used per occasion
	2

	number of occasions used per positioning estimate
	1

	Power-boosting level
	No

	Uplink power control (applied/not applied)
	Not applied

	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)
	Single side RTT

	Synchronization assumptions
	Perfect synchronization

	UE antenna model
	(M, N, P, Mg, Ng) =  (1, 2, 2, 1, 1), dH=dV=0.5λ


2.2 Evaluation Results
The evaluation results including ranging distance accuracy at 50%, 67%, 80% and 90% percentile of CDF are shown in Table 2. Whether the ranging distance accuracy requirement can be satisfied with 90% of UEs are also indicated. If the requirement cannot be satisfied, the percentile of UEs that can satisfy the ranging requirement are given. It can be observed that larger bandwidth and shorter ranging distance can increase the ranging distance accuracy. When the bandwidth is 40MHz, Set A requirement (1.5m accuracy for 90% UEs) on SL ranging distance accuracy can be satisfied for all the three X values; when the bandwidth is 100MHz, Set B requirement (0.5m accuracy for 90% UEs) on SL ranging distance accuracy can be satisfied for all the three X values. However, if the bandwidth is 20MHz, neither set A nor set B requirement can be satisfied with the three X values.
Table 2. Ranging distance accuracy with different SL PRS bandwidth and Max. distance
	Max. distance between ranging UEs 
	Bandwidth
	Distance Accuracy (meter)
	Requirements

	
	
	50% percentile
	67% percentile
	80% percentile
	90% percentile
	Set A (1.5m)
	Set  B (0.5m)

	X = 20m
	20MHz
	0.4788
	0.7836
	1.2233
	2.1122
	No
85.34%
	No
50.35%

	
	40MHz
	0.1529
	0.2734
	0.5064
	0.8027
	Yes
	No
79.86%

	
	100MHz
	0.0351
	0.0568
	0.0971
	0.1877
	Yes
	Yes

	X = 50m
	20MHz
	0.5710
	0.9939
	1.4638
	2.4299
	No
80.59%
	No
44.68%

	
	40MHz
	0.2147
	0.3622
	0.5561
	1.0688
	Yes
	No
77.2%

	
	100MHz
	0.0443
	0.0835
	0.1405
	0.2598
	Yes
	Yes

	X =100m
	20MHz
	0.7365
	1.2272
	2.0988
	4.2323
	No
72.31%
	No
36.46%

	
	40MHz
	0.2693
	0.4747
	0.7352
	1.2651
	Yes
	No
69.23%

	
	100MHz
	0.0544
	0.0998
	0.1749
	0.3332
	Yes
	Yes


Observation 1: Larger bandwidth or shorter ranging distance can increase the accuracy of ranging distance 
Observation 2: For ranging distance accuracy requirement of V2X scenario,

- Set A requirement can be satisfied when the bandwidth is no less than 40MHz

- Set B requirement can be satisfied when the bandwidth is 100MHz 
3 Evaluation for commercial use cases

3.1 Evaluation assumption

For commercial use case, the indoor office scenario defined in TR 38. 855 is used. UEs are uniformly distributed in the 120m * 50m area, and ranging is performed between any two UEs the geographical locations of which are within X meters. The value of X is set to be 10, 20, or 50m. “Channel models” specified in Section A.2.1.2 of TR 36.843 is reused with parameters modified by what is specified in TR 38.901, as shown in Table 3. 
Table 3. Indoor UE-to-UE channel model used for commercial use case
	
	TR 36.843 section A.2.1.2
	With parameters modified by specified in TR 38.901

	Pathloss
	PLLOS(R)= 89.5 + 16.9log10(R) 

PLNLOS(R)= 147.4+43.3log10(R)

For 2GHz, R in km
	LOS:
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	Shadowing STD
	LOS: 3dB, NLOS: 4dB
	LOS: 3dB, NLOS 8.03dB

	Fast fading
	ITU-R IMT InH 
	Section 7.5 in TR 38.901


For commercial use case, it is assumed that UEs can use licensed spectrum to perform SL positioning or ranging. Therefore, 4GHz spectrum is assumed in the evaluation. 20, 40, 100MHz bandwidth in FR1 are assumed. The evaluation assumptions are listed in table 4.
Table 4. Evaluation assumptions for commercial use case
	Parameter
	

	Carrier frequency
	4GHz

	Subcarrier spacing
	30KHz

	Reference Signal Transmission Bandwidth
	20MHz, 40MHz, 100MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	DL PRS, comb 2, 2 symbols

	Reference signal including PRS, SRS and SL-PRS

(type of sequence, number of ports, …)
	SL-PRS

	Number of symbols used per occasion
	2

	number of occasions used per positioning estimate
	1

	Power-boosting level
	No

	Uplink power control (applied/not applied)
	No

	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)
	Single side RTT

	Synchronization assumptions
	Perfect synchronization

	UE antenna model
	(M, N, P, Mg, Ng) =  (1, 2, 2, 1, 1), dH=dV=0.5λ


3.2 Evaluation results
The evaluation results including the ranging distance accuracy at 50%, 67%, 80% and 90% percentile of CDF are shown in Table 5. Whether the ranging distance accuracy requirement can be satisfied with 90% of UEs are also indicated. If the requirement cannot be satisfied, the percentile of UEs that can satisfy the ranging requirement are given. Similar as that in V2X scenario, it can be observed that larger bandwidth or shorter ranging distance can increase ranging distance accuracy. When the maximum ranging distance is 50m, the ranging distance requirement cannot be satisfied for all the three bandwidths; while when the maximum ranging distance is 20m or 40m, the ranging distance requirement can be satisfied for bandwidth of 40MHz and 100MHz. It is also observed that with 20MHz bandwidth the ranging distance requirement cannot be satisfied even with 10m maximum ranging distance. 
Table 5. Ranging distance accuracy with different SL PRS bandwidth and Max. distance
	Max. distance between ranging UEs (meter)
	Bandwidth
	Distance Accuracy (meter)
	Requirements

	
	
	50% percentile
	67% percentile
	80% percentile
	90% percentile
	1m

	X = 10
	20MHz
	0.2707 
	0.4141 
	0.7130 
	1.4925 
	No
83.96%

	
	40MHz
	0.0778 
	0.1309 
	0.2004 
	0.3149 
	Yes

	
	100MHz
	0.0257 
	0.0350 
	0.0525 
	0.0739 
	Yes

	X = 20
	20MHz
	0.2417 
	0.4646 
	0.9895 
	3.1196 
	No
79.66%

	
	40MHz
	0.1082 
	0.1997 
	0.3824 
	0.8686 
	Yes

	
	100MHz
	0.0302 
	0.0413 
	0.0749 
	0.1813 
	Yes

	X =50
	20MHz
	0.3908 
	0.7670 
	2.6054 
	5.6384 
	No

68.64%

	
	40MHz
	0.1437 
	0.3324 
	0.8895 
	3.2935 
	No
79.66%

	
	100MHz
	0.0356 
	0.0729 
	0.1956 
	1.0604 
	No

88.98%


Observation 3: For ranging distance in commercial scenario, the service requirement can be met when the bandwidth is 40MHz or 100MHz, and when the ranging distance is limited (e.g. no more than 20m).
4 Conclusion

In this contribution, the initial evaluation results of SL positioning are discussed, and following observations are given:
Observation 1: Larger bandwidth or shorter ranging distance can increase the accuracy of ranging distance 

Observation 2: For ranging distance accuracy requirement of V2X scenario,

- Set A requirement can be satisfied when the bandwidth is no less than 40MHz

- Set B requirement can be satisfied when the bandwidth is 100MHz 
Observation 3: For ranging distance in commercial scenario, the service requirement can be met when the bandwidth is 40MHz or 100MHz, and when the ranging distance is limited (e.g. no more than 20m).
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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.
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