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Introduction
In RAN1#109-e meeting, the following agreements on evaluation methodology for sidelink positioning were achieved [1]:
	Agreement
For SL positioning evaluation, V2X use case with highway and urban grid scenarios defined in TR 37.885 is supported.
· The road configuration for urban grid and highway provided in TR 37.885 Annex A is reused
 
Agreement
For SL positioning evaluation in highway and urban grid scenarios, UE dropping option A defined in section 6.1.2 of TR 37.885 is used, i.e.
· UE dropping option A is used for the highway scenario:
· 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.
· UE dropping option A is used for the urban grid scenario:
· 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.
 
Agreement
For SL positioning evaluation in highway and urban grid scenarios, antenna model 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

Agreement
For SL positioning evaluation in highway and urban grid scenarios, channel model follows description in TR 37.885 section 6.2. 

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
· Positioning method should be reported by companies. 

Agreement
For SL positioning evaluation,
· 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
· Explicit simulation of all links, individual parameters estimation is applied. Companies should provide description of applied algorithms for estimation of signal location parameters. 
· As baseline for absolute positioning, sidelink anchors location coordinates are perfectly known. 
· Uncertainty in the sidelink anchors location coordinates can be considered by companies
· 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.

Agreement
For SL positioning evaluation in highway and urban grid, the following simulation parameters are used for FR1

Evaluation parameters for SL positioning in FR1
	Parameters
	Urban grid for eV2X
	Highway for eV2X

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

	BS Tx power 
	Macro BS: 49dBm 
	Macro BS: 49dBm 

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

	BS receiver noise figure
	5dB
	5dB

	UE receiver noise figure
	9 dB



Agreement
· For SL absolute positioning evaluation in highway scenario, the following options are supported
· 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: ]
· For SL absolute positioning evaluation in urban grid scenario, 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
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. 
Agreement
· For evaluation of relative positioning or ranging in highway scenario
· 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 
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· For evaluation of relative positioning or ranging in urban grid scenario 
· 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

Agreement
· 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.

Agreement
· For SL positioning evaluation of Public safety use cases 
· 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
· The performance metrics at least include absolute positioning accuracy and ranging with distance accuracy. Optionally, relative positioning accuracy or ranging with angle accuracy.
· For SL positioning evaluation of Commercial use cases 
· 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
· The performance metrics at least include absolute positioning accuracy and ranging with distance accuracy. Optionally, relative positioning accuracy or ranging with angle accuracy

Agreement
For SL positioning evaluation for IIOT use cases, InF-SH and/or InF-DH defined in TR 38.857 are used

Agreement
For SL positioning evaluation on indoor factory scenarios, companies can select one of the following options for UE-2-UE 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

Agreement
For SL positioning evaluation on IIOT use case, the performance metrics at least include absolute accuracy and relative accuracy.
· FFS how to select anchor UEs/RSU for absolute positioning, e.g. 20 anchor UEs/RSU are randomly deployed in the simulation area




In this contribution, we provide our positioning simulation results of both urban grid and highway scenarios for V2X use cases.
Performance evaluation for SL positioning in urban grid scenario
In this section, we evaluate the performance of SL positioning in the urban grid scenario.
Simulation assumption
The road configuration for urban grid is shown in Figure 1, and the UE distribution is shown in Figure 2. Parameters regarding evaluation scenarios are further given inTable 1, where the road grid size by the distance between intersections is 433m*250m, and there are two lanes in each direction (four lanes in total in each street) with each lane 4 meters wide.
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[bookmark: _Ref111206190]Figure 1: Road configuration for urban grid
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[bookmark: _Ref111206284]
Figure 2: UE distribution for urban grid
[bookmark: _Ref111206475]Table 1: Evaluation parameters
	Parameters
	Urban grid

	Carrier frequency 
	Between vehicle UE: 6 GHz

	Simulation bandwidth
	20 MHz

	RSU Tx power 
	23 dBm 

	UE Tx power 
	23 dBm

	RSU receiver noise figure
	5 dB

	UE receiver noise figure
	9 dB

	Layout
	Relative positioning can be evaluated assuming RSU to be disabled

	Inter-RSU distance
	200m

	Antenna array configuration for UE
(M, N, P, Mg, Ng)
	(1, 2, 2, 1, 1) and (1, 4, 2, 1, 1)



Relative positioning of a pair of vehicles is evaluated in urban grid scenario, where combination of SL-RTT and SL-AoA positioning methods are used.
Relative positioning
For relative positioning, only LOS links are used for statistics. The maximum inter-vehicle distance is 25m and 50m, where both 4 and 8 antennas have been evaluated. The corresponding results are given in Figure3 and Figure 4, respectively.
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[bookmark: _Ref111208463]Figure 3: Location accuracy CDF curve for relative positioning (25m inter-vehicle distance)
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[bookmark: _Ref111208473]Figure 4: Location accuracy CDF curve for relative positioning (50m inter-vehicle distance)
The positioning results are further summarized in Table 2.
[bookmark: _Ref111208512]Table 2: Simulation results for relative positioning in urban grid - horizontal accuracy (meter)
	Cases
	50%
	67%
	80%
	90%

	Urban-4 Rx-25m
	3.358
	4.685
	6.762
	9.815

	Urban-8 Rx-25m
	1.845
	3.165
	4.303
	5.842

	Urban-4 Rx-50m
	4.798
	8.436
	12.65
	17.09

	Urban-8 Rx-50m
	2.903
	4.748
	6.719
	10.69



According to the simulation results, we have the following observations and proposal:
Observation 1: For urban grid scenario, the relative positioning accuracy in horizontal can reach 17.09 m for 90% UEs with 4 antennas and 10.69 m for 90% UEs with 8 antennas at 50 meters distance between vehicles.
Observation 2: For urban grid scenario, the positioning errors will increase with the increase of the distance between two vehicles involving into the SL positioning.
Observation 3: For urban grid scenario, the relative positioning accuracy of 8 antennas is better than that of 4 antennas.
Proposal 1: The distance between two vehicles involving into the SL positioning should be limited (e.g., 25m), in order to obtain better relative positioning accuracy. 
Performance evaluation for SL positioning in highway scenario
In this section, we evaluated the performance of SL positioning in the highway scenario.
Simulation assumption
The deployment is shown in Figure 5, which involves RSU and vehicle UEs. The length of highway is 2000 meters and it contains six lanes with each lane’s width is 4 meters. The distance between two RSUs is 200 meters, where staggered RSU distribution is assumed. Parameters regarding evaluation scenarios are further given in Table 3:


[bookmark: _Ref111206817]Figure 5: Deployment for highway
[bookmark: _Ref111206854]Table 3: Evaluation parameters
	Parameters
	Highway

	Carrier frequency 
	RSU to/from vehicle UE: 6GHz
Between vehicle UE: 6GHz

	Simulation bandwidth
	20MHz

	Positioning method
	Absolute positioning: SL-TDOA
Relative positioning: SL-RTT + SL-AoA

	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) and (1, 4, 2, 1, 1)

	[bookmark: OLE_LINK2]Traffic model of SL-PRS for absolute positioning
	[bookmark: OLE_LINK1]Periodic:
· Inter-PRS arrival time=20ms
Aperiodic:
· Inter-PRS arrival time= 20ms + an exponential random variable with the mean of 20ms

	Note
	[bookmark: OLE_LINK3]6 RSUs are selected for absolute positioning (with perfect synchronization)



For absolute positioning in highway scenario, the perfect synchronization error between the anchor UEs in the evaluation is assumed, and TDOA positioning method is used. For relative positioning of a pair of vehicles in highway scenario, combination of SL-RTT and SL-AoA positioning methods are used.
Absolute positioning
In the absolute positioning evaluation, we assume that RSUs transmit the periodic SL-PRS and vehicle UEs transmit the aperiodic SL-PRS. Two cases with SL-PRS resource allocation mode 2 are provided as follows:
· Case 1: Only RSUs transmit the periodic SL-PRS
· Case 2: RSUs transmit the periodic SL-PRS and vehicle UEs transmit the aperiodic SL-PRS
These two cases are used to simulate the impact of the SL-PRS resource allocation mode 2 on the absolute positioning. Case 1 is similar to the case of perfect muting PRS pattern, only RSUs transmit the periodic SL-PRS, and UEs only receive the SL-PRS in the resource pool, so there is no interference in the simulation. For the case 2, both RSU and UE transmit the SL-PRS. Because of the traffic model of SL-PRS and the resource allocation mode2, some transmissions of RSUs and UEs will be multiplexed into the same physical resource. Therefore, case 2 would introduce some interference (illustrated in Figure 6), which can reduce the accuracy of absolute positioning as shown in Figure 7.
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[bookmark: _Ref111208571]Figure 6: The SINR CDF curve of the RSUs selected for absolute positioning
[image: ]
[bookmark: _Ref111208583]Figure 7: Location accuracy CDF curve for absolute positioning
The positioning results are further summarized in Table 4.
[bookmark: _Ref111208613]Table 4: Simulation results for absolute positioning in highway - horizontal accuracy (meter)
	Cases
	50%
	67%
	80%
	90%

	Only RSUs transmit the periodic SL-PRS
	0.448
	0.861
	1.529
	2.928

	RSUs transmit the periodic SL-PRS and vehicle UEs transmit the aperiodic SL-PRS
	0.509
	1.05
	1.908
	4.453



We have the following observations for absolute positioning in highway:
Observation 4: For highway scenario, the abosolute positioning accuracy in horizontal can reach 2.93m for 90% UEs with perfect muting.
Observation 5: For the SL-positioning, the resource allocation mode 2 for SL-PRS will affect the accuracy of positioning.
Relative positioning
For relative positioning, only LOS links are used for statistics. The maximum inter-vehicle distance is 50m, where both 4 and 8 antennas have been evaluated. The corresponding results are given in Figure 8.
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[bookmark: _Ref111208639][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _GoBack]Figure 8: Location accuracy CDF curve for relative positioning (50m inter-vehicle distance)
The positioning results are further summarized in Table 5.
[bookmark: _Ref111208661]Table 5 : Simulation results for relative positioning in highway - horizontal accuracy (meter)
	Cases
	50%
	67%
	80%
	90%

	Highway-4 Rx-50m
	1.655
	2.433
	3.775
	5.242

	Highway-8 Rx-50m
	0.7362
	1.288
	1.784
	2.586



According to the simulation results, we have the following observations and proposal:
Observation 6: For highway scenario, the relative positioning accuracy in horizontal can reach 5.24 m for 90% UEs with 4 antennas and 2.59 m for 90% UEs with 8 antennas at 50 meters distance between vehicles. 
[bookmark: OLE_LINK7]Observation 7: For highway scenario, the relative positioning accuracy of 8 antennas is better than that of 4 antennas.
Observation 8: The positioning accuracy of highway scenario is better than that of urban scenario, which is mainly caused by higher Ricean factor.
Proposal 2: More antennas (e.g., 8Tx) for SL-PRS transmission is necessary to obtain precise SL-AoA measurements and sidelink positioning performance.

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 urban grid scenario, the relative positioning accuracy in horizontal can reach 17.09 m for 90% UEs with 4 antennas and 10.69 m for 90% UEs with 8 antennas at 50 meters distance between vehicles.
Observation 2: For urban grid scenario, the positioning errors will increase with the increase of the distance between two vehicles involving into the SL positioning.
Observation 3: For urban grid scenario, the relative positioning accuracy of 8 antennas is better than that of 4 antennas.
Observation 4: For highway scenario, the abosolute positioning accuracy in horizontal can reach 2.93m for 90% UEs with perfect muting.
Observation 5: For the SL-positioning, the resource allocation mode 2 for SL-PRS will affect the accuracy of positioning.
Observation 6: For highway scenario, the relative positioning accuracy in horizontal can reach 5.24 m for 90% UEs with 4 antennas and 2.59 m for 90% UEs with 8 antennas at 50 meters distance between vehicles. 
Observation 7: For highway scenario, the relative positioning accuracy of 8 antennas is better than that of 4 antennas.
Observation 8: The positioning accuracy of highway scenario is better than that of urban scenario, which is mainly caused by higher Ricean factor.

Proposal 1: The distance between two vehicles involving into the SL positioning should be limited (e.g., 25m), in order to obtain better relative positioning accuracy. 
Proposal 2: More antennas (e.g., 8Tx) for SL-PRS transmission is necessary to obtain precise SL-AoA measurements and sidelink positioning performance.
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