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Introduction
In RAN#94-e meeting, the following objective on sidelink positioning was achieved [1]:

	· 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 this contribution, we discuss the evaluation methodology for SL positioning and provide the simulation results on both absolute positioning and relative positioning.
Evaluation methodology for SL positioning
Evaluation scenarios and assumption
Sidelink positioning requirements have been discussed in our companied contribution [2], where V2X, public safety, commercial and IIoT scenarios would be supported. From the evaluation point of view, considering a more general use case and the study workload in the SID stage, we prefer to only focus on V2X use cases and IIoT use cases.
Proposal 1: For SL positioning, evaluation is preferred to be only focused on V2X use cases and IioT use cases .

According to the evaluation methodology of V2X for LTE and NR [3], two evaluation scenarios, i.e. urban grid and highway, are defined. Basically, these two scenarios could both be evaluated in Rel-18. However, different to SL communication, SL positioning performance depends on LOS probability. According to TR 37.885 [4], for highway scenario, there is pure LOS in V2B link, and there is no LOS path blocked by buildings (NLOS) in V2V link. Therefore, compared with urban grid scenario, highway could be used as a start point for the evaluation.
Proposal 2: For SL positioning, highway scenario could be used as a start point for evaluation.

Evaluation assumption
In the case of highway, vehicle UE, UE-type RSU and macro BS are included to support both in coverage and out of coverage cases. The road configuration for highway in TR 36.885[3] is reused. The parameters regarding evaluation scenarios below 6 GHz is given in Table 1. For better positioning accuracy and considering the bandwidth supported by sidelink, 20MHz or 40MHz is used for simulation for the case below 6GHz.

Table 1: Evaluation scenarios for highway
	Parameters
	Highway for eV2X below 6GHz

	Carrier frequency 
	Macro to/from vehicle UE : 2 GHz or 4GHz
Between vehicle UE: 6 GHz
UE-type-RSU to/from vehicle UE: 6 GHz

	Simulation bandwidth
	20 or 40 MHz (DL+UL)
20 and 40 MHz (baseline for SL)

	BS Tx power 
	Macro BS: 49dBm PA scaled down proportionally with simulation BW when system BW is higher than simulation BW. Otherwise, 49dBm

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

	BS receiver noise figure
	5dB

	UE receiver noise figure
	9dB



Proposal 3: For SL positioning, simulation bandwidth is assumed to be 20MHz or 40MHz for the case below 6GHz.

UE drop and mobility modeling
UE dropping defined in TR 37.885[4] is reused, where only type 2 UE is assumed as shown in the following:
· Vehicle UE type: length 5 meters, width 2.0 meters, height 1.6 meters, antenna height 1.6 meters
· Vehicle speed: 140 km/h in all the lanes as baseline and 70 km/h in all the lanes optionally.
· Vehicles are dropped according to the following process:
· The distance between the rear bumper of a vehicle and the front bumper of the following vehicle in the same lane is max {2 meter, an exponential random variable with the average of the speed * 2 sec}.
· All the vehicles in the same lane have the same speed.
· Vehicle type distribution is not dependent of the lane.
BS and UE-type RSU deployment
BS deployment is the same as that defined in TR 36.885[3]. To support absolute positioning in the case of out of coverage, the location of RSU is assumed to be fixed and known. Considering the requirement of SL positioning, RSU deployment is revised to be uniformly located in the two sides of highway. Otherwise, if RSU is located in the middle of the highway, positioning accuracy would be significantly degraded due to DOP (Dilution of Precision). 
Table 2: BS and UE-type RSU deployment
	Parameters
	Highway for eV2X below 6GHz

	Layout
	Baseline: Macro only, located along the highway 35m away with 1732m ISD
Note #1: Out of coverage can be evaluated assuming BS to be disabled.

	Inter-BS distance
	Inter Macro: 1732m 

	UE-type RSU
	Uniform allocation with 200m spacing in the two sides of the highway



Proposal 4: To support absolute positioning, RSU is uniformly allocated with 200m spacing in the two sides of the highway.

Antenna model
Parameters regarding antenna height, antenna array configuration for macro BS and antenna array configuration for RSU are given by Table 3-5 respectively. The values defined in TR 37.885[4] are reused.

Table 3: Antenna height
	Parameters
	Highway for eV2X

	BS antenna height
	Macro BS: 
35m for ISD 1732m
25m for ISD 500m

	UE antenna height
	Vehicle UE: As defined in section 2.2.1
UE-type-RSU: 5 m



Table 4: Antenna array configuration for Macro BS
	
	For 4 GHz

	TXRU mapping
	Up to proponents

	Number of antenna elements across all panels
	Up to 256 TX/RX antenna elements

	Antenna array configuration
(M, N, P, Mg, Ng)
	(8, 8, 2, 1, 1)

	Antenna array spacing (dH,dV,dH,g,dV,g)
	(dH, dV) = (0.5, 0.8)λ

	Antenna tilt, deg
	102 degree for 500m ISD, 96 degree for 1732m ISD



Table 5: Antenna array configuration for UE-Type RSU
	
	For 6 GHz

	Number of antenna elements across all panels
	Up to 8 Tx /Rx antenna elements 

	Antenna array configuration
(M, N, P, Mg, Ng)
	Baseline: (1, 2, 2, 1, 1)
Optional: (1, 4, 2, 1, 1)

	Antenna array spacing (dH,dV,dH,g,dV,g)
	(dH, dV) = (0.5, 0.8)λ

	Antenna tilt, deg
	96 degree



There are two options defined for vehicle UE antenna array configuration, where single panel (option 1) and multi-panel (option 2) are assumed. For positioning, single panel seems enough to obtain time measurement and angle measurement. The benefit of introducing multiple panels to positioning is not quite clear. Therefore, option 1 is preferred as the baseline. The corresponding parameters are defined in Table 6, which is the same as the definition in TR 37.885[4]. 
Table 6: Antenna array configuration for vehicle UE
	
	Vehicle UE

	
	For 6 GHz

	Number of antenna elements across all panels
	Up to 8 Tx /Rx antenna elements

	Antenna array configuration
(M, N, P, Mg, Ng)
	Rooftop antenna:
Baseline: (1, 2, 2, 1, 1)
Optional: (1, 4, 2, 1, 1)

	Antenna array spacing (dH,dV,dH,g,dV,g)
	(dH, dV) = (0.5, 0.5)λ

	Antenna tilt, deg
	90



Antenna element patterns of macro BS, RSU and vehicle UE could reuse the definitions in TR 37.885[4].

Proposal 5: As a baseline, single panel (option 1 configuration defined in TR 37.885) is assumed for vehicle UE below 6GHz.

UE to RSU channel model
The channel model between UE and RSU is basically established based on UMA scenario in TR38.901[5], including LOS probability, fast fading model. As an exception, according to TR37.885[4], the pathloss model is based on RMA scenario shown in Table 7. This channel model is suggested to be used for the evaluation.
Table 7: Pathloss model for UE to RSU
	Scenario
	Pathloss [dB], fc is in GHz and d is in meters, see note 6
	Shadow
fading
std [dB]

	Highway
	
,







	











UE to UE channel model
The channel model between UE and UE has been defined in TR 37.885 [4], which should be reused for the evaluation. The corresponding pathloss model is given in the following table.

Table 8: Pathloss for V2V links
	LOS/NLOSv
	Pathloss [dB]
	Shadow fading std [dB]2

	LOS, NLOSv
	For Highway case, 
PL = 32.4 + 20 log10(d3D) + 20 log10(fc) 

For Urban case, 
PL= 38.77 + 16.7 log10(d3D) + 18.2 log10(fc) 
	σSF = 3

	Note 1:	fc denotes the center frequency in GHz and d3D denotes the Euclidean distance between TX and RX in 3D space in meters.
Note 2:      The model for spatial correlation of shadow fading defined in [3] applies.



Initial performance evaluation for SL positioning
In this section, we evaluated the performance of SL positioning in the highway scenario.
Simulation assumption
[bookmark: _GoBack]The deployment is shown in Fig.1, which involves RSU and vehicle UEs. Highway is 2000 meters long and contains six lanes with each lane 4 meters wide. The distance between two RSUs is 200 meters.  UEs are distributed according to Poisson distribution. Parameters regarding evaluation scenarios are further given in Table 9:


Fig. 1: Deployment for the simulation

Table 9: Evaluation parameters
	Parameters
	Highway for eV2X

	Carrier frequency 
	RSU to/from vehicle UE: 6GHz

Between vehicle UE: 6GHz

	Simulation bandwidth
	20M

	RSU Tx power 
	23dBm 

	UE Tx power 
	23dBm

	RSU receiver noise figure
	5dB

	UE receiver noise figure
	9 dB

	Layout
	Absolute positioning: RSU and vehicle UE
Relative positioning can be evaluated assuming RSU to be disabled

	Inter-RSU distance
	200m

	Antenna array configuration for RSU
(M, N, P, Mg, Ng)
	(1, 2, 2, 1, 1)

	Antenna array configuration for UE
(M, N, P, Mg, Ng)
	(1, 2, 2, 1, 1)



Both absolute positioning and relative positioning are evaluated. For absolute positioning in highway scenario, NR positioning specified in Rel-16/17 could be reused. In our simulation, SL-TDOA is used at RSU for distance estimation. For relative positioning in highway scenario, the relative position of a pair of vehicles is considered in our initial research. Therefore, SL-RTT and SL-AOA positioning methods are combined for distance and angle estimation.
Simulation results
The KPI for absolute positioning has been defined in Rel-16/17. The KPI for relative positioning is calculated by Eq. (1)  since only one pair of vehicles involves in the positioning.
Location Error=                                                                   (1)
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]where ( and   represents the location estimation and real location for vehicle 1, individually. Considering vehicle 0 as the origin of the reference coordinate system between the pair of vehicles, the relative location ( is calculated through RTT and AOA measurements as explained in Fig. 2. 



Fig. 2: Location estimation for relative positioning
The simulated location errors for absolute positioning and relative positioning are shown in Fig. 3-4. 
[image: ]
Fig. 3: Location error for absolute positioning
[image: ]
Fig. 4: Location error for relative positioning
The above results show that the horizontal positioning accuracy for sidelink absolute positioning can reach 2.7 m for 90% UEs in highway scenario. And the horizontal positioning accuracy for sidelink relative positioning can reach 3 m for 90% UEs in highway scenario. 
Observation-1: For sidelink absolute positioning in highway scenario, the horizontal positioning accuracy can reach 2.7 m for 90% UEs.
Observation-2: For sidelink relative sidelink positioning in highway scenario, the horizontal positioning accuracy can reach 3 m for 90% UEs.
Conclusions
In this contribution, we discuss the evaluation methodology for SL positioning and provide the simulation results on both absolute positioning and relative positioning. We have the following observations and proposals:

Observation 1: For sidelink absolute positioning in highway scenario, the positioning accuracy can reach 2.7 m for 90% UEs.
Observation 2: For sidelink relative sidelink positioning in highway scenario, the positioning accuracy can reach 3 m for 90% UEs.

Proposal 1: For SL positioning, evaluation is preferred to be only focused on V2X .
Proposal 2: For SL positioning, highway scenario could be used as a start point for evaluation.
Proposal 3: For SL positioning, simulation bandwidth is assumed to be 20MHz or 40MHz for the case below 6GHz.
Proposal 4: To support absolute positioning, RSU is uniformly allocated with 200m spacing in the two sides of the highway.
Proposal 5: As baseline, single panel (option 1 configuration defined in TR 37.885) is assumed for vehicle UE below 6GHz.
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