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1. Introduction
In this contribution, we discuss the evaluation methodology for SL positioning assessment and the relevant performance results.
2. Evaluation methodologies
SL positioning is the positioning technique based on measurement over the reference signal transmitted on sidelink. Therefore, the combination of the necessary parts from both NR positioning and SL communication evaluation methodologies will be enough for SL positioning evaluatoin. For evaluation of SL positioning techniques, the existing evaluation methodologies used in NR SL communication and NR positioning are reused as much as possible.
Proposal 1: Existing evaluation methodologies used for NR SL communication and NR positioning are reused as much as possible.
As discussed in the companion contribution on SL positioning scenarios and requirements, the positioning accuracy should be a function of the distance between UEs and the speed of UE, at least for the relative SL positioning. In addition, the latency requirement can be additionally considered in defining the evaluation metric for positioning accuracy. For example, the number of SL PRS retransmission will improve the positioning accuracy while increase the latency. So, given latency requirement, the number of SL PRS retransmissions may be limited to meet the latency requirement.
Proposal 2: Evaluation metric for relative SL positioning accuracy needs to include the following factors.
· The distance between UEs
· The speed of UEs
· The SL positioning latency requirement
In the existing Uu link positioning, LMF and gNB schedules every PRS transmission and the related resources, thus every transmission and reception can be guaranteed by the scheduling. In SL positioning where the SL PRS resources are selected by UE based on sensing, it is possible that a certain SL PRS transmission is not possible in case of e.g. half duplex case, or SL PRS reception may not be possible due to the prioritization in the RX UE side. Therefore, when evaluating the SL positioning availability, such failure of SL PRS transmission or reception should be taken into account. In addition, similar to the discussion on the evaluation metric for the positioning accuracy above, SL positioning that requires a latency above the latency requirement should be considered as SL positioning failure.
Proposal 3: Evaluation metric for SL positioning availability needs to include the following factors.
· Transmission/reception failure of SL PRS.
· The SL positioning latency requirement
3. Draft simulation results
We have performed link level simulation to evaluate the performance of SL positioning using NR DL PRS. We have evaluated the accuracy of the time-of-arrival (ToA) estimation for various channel conditions, signal bandwidth and PRS configurations. The simulation assumptions and parameters are summarized in Table 1.
[bookmark: _Ref78532785]Table 1 Simulation parameters summary
	Assumptions
	Value

	Carrier Frequency
	6 GHz, 28 GHz

	SCS/ nRBs / BW configurations
	15 kHz / 112 RB / 20 MHz
30 kHz / 132 RB / 50 MHz
30 kHz / 264 RB / 100 MHz
60 kHz / 264 RB / 200 MHz

	Channel Model
	CDL Urban LOS V2X [1] (Omni-Omni)
CDL Highway LOS V2X (Omni-Omni)

	Antenna Configuration
	 1x2, uncorrelated antennas

	Mobility
	15, 60, 70, 140 km/h

	Phase noise / Carrier offset
	Not modeled

	Channel Estimation
	Least squares fit per 2 RBs chunk

	DL PRS configurations
	{Comb, L} = {2,2}, {6,6}, {12,12}


For the proper simulation of the packet reception with respect to the ToA metric assessment, the channel propagation is evaluated with x16 oversampling in comparison with baseline system sampling rate. The random delay is modeled to check the all possible effects of inter-sample leakage effects that occur due to time of arrival and sampling time misalignment.
3.1 PRS configurations
NR DL positioning reference signal (DL PRS) was used as SL positioning reference signal (SL PRS). Assuming the same generation procedure as in [2], PRS configuration is defined by comb factor K, which specify PRS allocation periodicity in frequency domain, and total duration L of the PRS allocation in symbol. In our simulation, we compared PRS configurations {K, L} = {2,2}, {6,6} and {12,12}. It should be noted that these configurations have the same number of REs per PRS resource, i.e. the same positioning reference signal overhead. The total number of allocated REs is determined by signal BW and allocated RBs
[image: ][image: ][image: ]
Figure 1 PRS configuration {2,2}, {6,6} and {12,12} respectively
3.2 ToA estimation
Time of arrival estimation is based on the channel impulse response (CIR) analysis. Squared CIR estimate is obtained via non-coherent accumulation of the per-antenna and per-symbol estimates. LOS ray required for timing is found as the first peak above pre-defined threshold which is selected by considering the peak misses and early detection events.
For the selected LOS peak, the exact timing value between adjacent samples of the CIR is obtained via peak approximation algorithm [3] either over three samples (if sampling frequency is twice higher than signal BW. Otherwise, over two samples), as illustrated in Figure 2. Such an algorithm is comparable in performance with the matrix-heavy ESPIT algorithm [4], but have much less computational complexity.
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[bookmark: _Ref101260717]Figure 2 ToA estimation illustration
3.3 Simulation results
The simulation results are provided in Figure 3 to 8, and the results are summarized in Table 2. In the accuracy characteristics graphs, the accuracy was evaluated in the ‘flat’ region in the graph. In table 2, the first and the second value per each combination of parameters represents the positioning error with and without the peak approximation technique respectively.
From the simulation results, the following observation can be made.
· For the selected channel models with clearly defined LOS path (next path is ~17 dB behind the main), the SNR almost do not affect the timing estimation accuracy in the ‘flat’ regions, while the noise-related effects are seen below -5 dB SNRs.
· Such a negligible dependency of positioning accuracy on the SNR is specific to the LOS channels only, where the wrong detection of the path is rare and the accuracy is determined only by the sample leakage effects.
· Larger bandwidth improves the positioning accuracy for SL positioning with and without the peak approximation technique.
· Mobility seems to have positive impact on the timing accuracy, due to accumulation of the different channel realizations. This positive impact is larger for the case of PRSs that have larger time span (12,12 configurations), and for smaller BW allocations
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Figure 3 Accuracy characteristics for low-mobility scenarios in LOS Urban V2X channel (V=15 km/h)
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Figure 4 PDF of the ToA estimate for low-mobility scenarios in LOS Urban V2X channel (V=15 km/h)
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Figure 5 Accuracy characteristics for medium mobility scenarios in LOS Urban V2X channel (V=60 km/h)
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Figure 6 PDF of the ToA estimate for medium-mobility scenarios in LOS Urban V2X channel (V=60 km/h)
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Figure 7 Accuracy characteristics for medium mobility scenarios in LOS Highway V2X channel (V=70 km/h)
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Figure 8 Accuracy characteristics for medium mobility scenarios in LOS Highway V2X channel (V=140 km/h)

Table 2 ToA estimation accuracy for CDL Urban LOS V2X channel model
	RB/ BW/ SCS
	ToA estimation accuracy σ, m*

	
	PRS config.
	CDL Urban LOS
	CDL Highway LOS

	
	
	15 km/h

d
	60 km/h
	70 km/h
	140 km/h

	112 RB 
BW 20MHz, 
SCS 15kHz, Fc=6GHz, 112 RB

	{2, 2}
	3.3 / 4.4
	3.4 / 4.4
	2.3 / 2.7
	2.2 / 3.6

	
	{6, 6}
	3.2 / 4.3
	3.1 / 4.2
	2.1 / 2.5
	1.8 / 3.2

	
	{12, 12}
	3.3 / 4.3
	2.9 / 4.0
	1.7 / 2.2
	1.5 / 3.1

	132 RB 
BW 50MHz, 
SCS 30kHz, Fc=6GHz, 132 RB
	{2, 2}
	1.7 / 2.2
	1.7 / 2.2
	1.0 / 1.3
	1.5 / 2.0

	
	{6, 6}
	1.8 / 2.3
	1.7 / 2.2
	1.1 / 1.3
	1.2 / 1.8

	
	{12, 12}
	1.7 / 2.1
	1.7 / 2.1
	0.9 / 1.2
	1.1 / 1.7

	264 RB 
BW 100MHz, 
SCS 30kHz, Fc=6GHz, 264 RB
	{2, 2}
	0.7 / 0.9
	0.6 / 0.9
	0.5 / 0.8
	0.5 / 0.9

	
	{6, 6}
	0.5 / 0.8
	0.5 / 0.8
	0.5 / 0.9
	0.4 / 0.8

	
	{12, 12}
	0.5 / 0.9
	0.4 / 0.8
	0.5 / 0.8
	0.4 / 0.8

	264 RB 
BW 200MHz, 
SCS 60kHz, Fc=28GHz 264 RB
	{2, 2}
	0.3 / 0.4
	0.4 / 0.6
	0.2 / 0.4
	0.1 / 0.4

	
	{6, 6}
	0.3 / 0.4
	0.2 / 0.4
	0.1 / 0.4
	0.1 / 0.4

	
	{12, 12}
	0.3 / 0.5
	0.1 / 0.4
	0.1 / 0.4
	0.1 / 0.4


From the summary of the simulation results in Table 2, the average SL positioning error is around 1.5m to 4.4m for BW=20MHz, 0.9m to 2.0m for BW=50MHz, 0.4m to 0.9m for BW=100MHz, 0.1m to 0.6m for BW=200MHz. It should be noted that the above results are obtained from LLS, so the SL positioning error in SLS may be worse than the results in Table 2. In addition, the LLS was performed to see the TOA estimation performance assuming a perfect synchronization between TX and RX UE. If we apply the RTT for SL positioning, the positioning error would be roughly doubled even in LLS restuls.
Proposal 4: The existing DL PRS can be reused for SL PRS to meet the three sets of the positioning requirements defined in RAN positioning SI.
4. Conclusion
In this contribution, the SL evaluation methodology for SL positioning assessment and the relevant performance results were discussed. The following proposals were made as a conclusion.
Proposal 1: Existing evaluation methodologies used for NR SL communication and NR positioning are reused as much as possible.
Proposal 2: Evaluation metric for relative SL positioning accuracy needs to include the following factors.
· The distance between UEs
· The speed of UEs
· The SL positioning latency requirement
Proposal 3: Evaluation metric for SL positioning availability needs to include the following factors.
· Transmission/reception failure of SL PRS.
· The SL positioning latency requirement
Proposal 4: The existing DL PRS can be reused for SL PRS to meet the three sets of the positioning requirements defined in RAN positioning SI.
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