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Introduction
The Rel-18 NR positioning evolution SID was agreed upon during the RAN#94-e [1] meeting, where one of the objectives entail the development of a common SL positioning evaluation framework. The following highlighted SID objectives were outlined under the scope of RAN1 to support the discussion:
	SL Positioning SID Objectives:
· 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.



This contribution presents the evaluation scenarios and methodology for SL Positioning including initial positioning performance results. In addition, the relevant use cases and requirements as well as our views on the overall SL Positioning framework are presented in our companion contributions in [2] and [3], respectively. 
Target Requirements
A common set of SL positioning target requirements were defined in our companion contribution and are shown in Table 1. 
[bookmark: _Ref100658242]Table 1: Unified Target Performance Requirements for SL Positioning [2]
	SL Positioning KPIs
	V2X 
	Public Safety 
	IIoT
	Commercial

	Horizontal Positioning Accuracy
	 Set 1: 10 - 50 m for 68-95% of UEs
	

< 1 m for 95 -98 % of UEs;

	

< 1 m (relative) for 99% of UEs
	

 < 0.1 m for 99% of UEs

	
	Set 2: 1 – 3 m for 95-99% of UEs
	
	
	

	
	 Set 3: 0.1 – 0.5 m for 95-99% of UEs
	
	
	

	Vertical Positioning Accuracy
	
< 2.5m for 95-99% of UEs

	< 2 m (absolute) for 95 - 99% of UEs
	

-
	

-

	
	
	< 0.3 m (relative) for 95 - 99% of UEs
	
	

	Velocity 
	< 2 m/s
	-
	< 8.33 m/s
	< 1 m/s

	Latency
	
-
	< 1 s for Outdoor [5]
	
< 1s
	
< 50 ms



Establishing a set of positioning performance requirements can aid in the evaluation of the different SL positioning schemes. The horizontal accuracy for the different use cases is quite stringent aside from Set 1 of the V2X requirements. The evaluations in this contribution focus on evaluating the horizontal positioning accuracy of a target-UE.
In the context of V2X, the concept of lateral and longitudinal accuracy is also defined with respect to vehicular UEs (V-UEs) and road geometry. The evaluations of lateral and longitudinal positioning accuracy should also be further discussed. 
Proposal 1: RAN1 to further discuss the evaluation of horizontal accuracy in terms of lateral and longitudinal accuracies for the V2X use case. 
High-level Simulation Flow
A basic flow diagram of simulation setup is illustrated in Figure 1. The modelling is largely similar to the modelling of the Uu positioning framework with adaptions for handling SL-specific functional blocks, e.g., channel model.
[image: ]
[bookmark: _Ref101866728]Figure 1: Simulation Block Setup
TOA estimation is performed using the thresholding algorithm to identify the first detected TOA peak (first arrival path). The positioning estimation was carried out using the Least squares (LS) algorithm to determine the target-UE’s 2D location estimate. The overall evaluation method considered the following key aspects: 
· BS-type RSU dropping with a reference node for traditional hexagonal and highway network layout
· Sidelink positioning reference signal generation (e.g., configuring PRS configuration, bandwidth, etc.) 
· V2X Channel model (pathloss)
· Measurement algorithm using thresholding
· Positioning estimate computation using least squares
Evaluation Overview
SL positioning has to cater to different use cases and coverage scenarios including in-coverage, partial cover and out-of-coverage scenarios. For the purposes of this contribution, the in-coverage case is considered.
Network Layout
According to [TR 37.885, 4], the V2X evaluation methodology is categorized considers two deployment models including the Urban grid and highway scenario for V2X scenarios. This is in addition to the conventional hexagonal network layout.  For V2X-specific use cases, the evaluations assumptions made in Subclauses 6.1, 6.2, and 6.3 of [4] may re-used relating to the channel model and system and link level assumptions. 
The urban case consists of a grid scenario with 2 lanes in each direction and a lane width of 3.5 m. This scenario focuses on a high density of vehicles placed in urban area with RSUs located at each intersection in the case of both Macro cell and RSU deployment.
The highway deployment describes the deployment of RSUs alongside the highway with a lane width of 4 m and a total of 3 lanes in either direction. The ISD may vary depending on the type of deployment (e.g., 50 or 100 m) as shown in Figure 2 [4, 5]. However, it may be noted that the GDOP in such a scenario may be lower due the deployment of RSUs only one side of the highway. Therefore, it is recommended to consider a deployment, whereby RSUs may be deployed on either side of the highway to improve the overall GDOP. 
The V2X deployment options to be considered for evaluation can therefore include the urban grid and highway scenario, in addition to the conventional hexagonal network layout of gNBs (further discussions on whether to deploy RSUs only on one or both sides of the highway to improve GDOP are needed).


[bookmark: _Ref101881229]Figure 2 : UE-type RSU Deployment for highway scenario
Proposal 2: RAN1 to consider the following additional deployment scenarios for the SL positioning evaluations for V2X use case evaluations 1) Highway (FFS RSU deployments only on one side or both sides (better GDOP) of the highway 2) Urban grid scenarios.
Simulation Parameters
The initial evaluations consider a hexagonal and highway network layout, where a target-UE is in-coverage with gNBs/BS-type roadside units deployed in a hexagonal fashion and along a highway, which act as fixed anchor nodes. The simulation assumptions for the evaluations are summarized in Table 2.

[bookmark: _Ref101882427]Table 2: TDoA positioning simulation assumptions
	
Parameter
	FR1, TDOA

	Network Setup  
	1) Hexagonal deployment with ISD = 500 m
2) Highway scenario with Inter-RSU distance = 100 m

	Channel model (baseline, otherwise state any modifications)
	CDL [1,1] (adapted based on V2X LOS model in TR37.885)

	Carrier frequency 
	Licensed = 3.5 GHz, ITS band = 5.9 GHz

	Subcarrier spacing
	30 kHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern) 
	Comb-6 

	Reference signal Configurations
(type of sequence, number of ports, …) 
	Gold sequence, single port
Zadoff-Chu sequence, single port

	Number of sites
	18

	Number of symbols used per occasion
	6

	Power-boosting level
	PRS: 3 dB

	Measurement Algorithm
	Based on Threshold

	UE Dropping
	Random

	LOS/NLOS Detection
	None

	Positioning Algorithm
	Least Squares

	interference modelling (ideal muting, or other)
	Ideal muting

	Network synchronization assumptions
	Ideal/Perfect synchronization

	Tx power
	23 dBm

	UE receiver noise figure
	9 dB

	UE/gNB Tx/Rx 
Calibration Error
	No timing calibration error



For this simulation, the clustered delay line (CDL) channel model as defined in TR 38.901 was adapted to the V2X model as defined in TR 37.885 with a single transmitting and receiver antenna as well as V2X pathloss functions. The evaluations also focused on the licensed and ITS band operations using 3.5 GHz and 5.9 GHz carrier frequency, respectively. 
Performance Results 
The performance for different configuration cases using TDoA is presented in order to better understand the potential impacts to the SL positioning performance. The configuration cases include different bandwidths and different PRS designs on positioning performance. Furthermore, the following two PRS reference signal types have been considered including the current Uu DL-PRS design with Gold sequences as well as two variants of the Zadoff-Chu Sequence design.
Licensed and ITS Bands Performance
For this evaluation scenario, different PRS bandwidths in a SL scenario are simulated and compared. These include 20MHz (SCS: 30khz), 70 MHz (SCS 30khz) and 100Mhz (SCS 30khz) for both 3.5 GHz carrier frequency (for licensed bands) and for 5.9 GHz (ITS bands). The results in Figure 3 and Figure 4 considers a comb-6 Gold sequence PRS configuration in a hexagonal network layout. The upper bound on achievable accuracy is especially limited in the ITS band (5.9 GHz) due to the limited available bandwidths and increased channel impairments at a higher frequency. It can be observed that the licensed band 100 MHz deployment can easily satisfy the V2X Set 1 requirements as seen in Table 2. However, the ITS band shows performance degradation for the supported BWs at a higher carrier frequency.
[image: ]
[bookmark: _Ref102146343]Figure 3: CDF vs Horizontal positioning error for different SL PRS bandwidths at carrier frequency 3.5 GHz (TDoA, Hexagonal layout: ISD= 500 m, SCS 30 kHz)
[image: ]
[bookmark: _Ref102146360]Figure 4: CDF vs Horizontal positioning error for different SL PRS bandwidths at carrier frequency 5.9 GHz (TDoA, Hexagonal layout: ISD= 500 m, SCS 30 kHz)
Observation 1: Licensed band deployments with a BW =100 MHz can easily satisfy the V2X Set 1 horizontal positioning requirements of < 10 - 50 m for 68-95% of UEs. 
Observation 2: The horizontal positioning accuracy shows significant degradation for a higher carrier frequency of 5.9 GHz when compared to 3.5 GHz with BWs ={20 MHz, 70 MHz}. The upper bound on achievable accuracy is especially limited in the ITS band (5.9 GHz) due to the smaller available bandwidths.
Candidate SL PRS Designs
In this evaluation scenario, the traditional Gold (Pseudo-random) mappnig sequence  is compared with two variants of the Zadoff-Chu (ZC) mapping sequence design, i.e. contigous structure (similar to RACH ZC) and comb, non-staggered design). These performance evaluations were carried out assuming a BW = 100, SCS 30 kHz, and a 6 symbol PRS length. For this particular deployment, the highway scenario is considered with RSUs being assumed to be placed on either side of the highway. 
[image: ]
[bookmark: _Ref102148759]Figure 5: CDF vs Horizontal Positioning Error comparing Gold and two variants of the ZC mapping sequence designs (TDoA, Highway scenario, ISD= 100 m, BW= 100 MHz, SCS 30 kHz)
It can be observed that according to Figure 5, the overall horizontal positioning performance is comparable for both mapping sequence types. As menioned in our companion contribution [3], a key design choice will be the PAPR performance when performing SL positioning with a high density of UEs in a distributed fashion, which needs further discussion for both Gold and ZC mapping sequence types. 
Observation 3: Gold sequence and the two variants of the ZC mapping sequence design show comparable performance for the modified highway scenario. 
Conclusion
The following observations in relation to the above performance evaluations are observed:
Observation 1: Licensed band deployments with a BW =100 MHz can easily satisfy the V2X Set 1 horizontal positioning requirements of < 10 - 50 m for 68-95% of UEs. 
Observation 2: The horizontal positioning accuracy shows significant degradation for a higher carrier frequency of 5.9 GHz when compared to 3.5 GHz with BWs ={20 MHz, 70 MHz}. The upper bound on achievable accuracy is especially limited in the ITS band (5.9 GHz) due to the smaller available bandwidths.
Observation 3: Gold sequence and the two variants of the ZC mapping sequence design show comparable performance for the modified highway scenario. 
The following proposals are summarized:
Proposal 1: RAN1 to further discuss the evaluation of horizontal accuracy in terms of lateral and longitudinal accuracies for the V2X use case. 
Proposal 2: RAN1 to consider the following additional deployment scenarios for the SL positioning evaluations for V2X use case evaluations 1) Highway (FFS RSU deployments only on one side or both sides (better GDOP) of the highway 2) Urban grid scenarios.
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