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1 Introduction
In this contribution, we discuss about SL positioning evaluation for Rel-18 study on expanded and improved NR positioning and provide our view. 
2 Discussion
In RAN#97-e meeting, there was a discussion about FR2 whether it should be included in the scope or not for Rel-18 positioning study item. The conclusion of the discussion was that do not exclude FR2 from the SL positioning study at RAN#97 (no change to SID required). Even though RAN1 has agreed evaluation assumptions for FR2, it is optional for companies to provide results for FR2. Since Rel-16 and Rel-17 NR sidelink mainly focused on FR1, basic FR2 functionalities (e.g. beam management) are not supported for sidelink. Therefore, the evaluation work on sidelink positioning cannot be performed with the specified FR2 functionalities. Also, FR2 functionalities for NR sidelink will be discussed in Rel-18 sidelink work item [1]. In this regard, evaluation work on sidelink positioning should focus on FR1. 
Proposal 1: For Rel-18 studies on SL positioning, focus on evaluation for FR1.
In RAN1#109-e and RAN1#110 meetings, we discussed about evaluation methodology for SL positioning and related agreements were made for all uses cases of V2X, IIoT, public safety, and commercial. In this contribution, we focus on V2X use case and provide evaluation results for SL positioning based on the agreed evaluation methodologies. Especially, we evaluate the performance of SL positioning depending on uncertainty for anchor UEs’ location coordinates, synchronization error between anchor UEs, and SL PRS transmission bandwidth. Also, we check whether the performance can meet the target positioning accuracy of V2X use cases or not according to the agreement made in RAN#110 meeting as:
	Agreement
Confirm the following working assumption on positioning accuracy requirements for V2X with the changes indicated below:
·  For evaluation of V2X use-cases for SL positioning, the following accuracy requirements are considered:
· Set A (similar to “Set 2” defined in TR 38.845)
· Horizontal accuracy of 1.5 m (absolute and or relative); Vertical accuracy of 3 m (absolute and or relative) for 90% of UEs
· Set B (similar to “Set 3” defined in TR 38.845)
· Horizontal accuracy of 0.5 m (absolute and or relative); Vertical accuracy of 2 m (absolute and or relative) for 90% of UEs
· Note 1: For evaluated SL positioning methods, companies are expected to report: 
· whether each of the two requirements are satisfied, and 
· %-ile of UEs satisfying the target positioning accuracy for a requirement that may not be satisfied with 90%.
· Note 2: target positioning requirements may not necessarily be reached for all scenarios and deployments
· Note 3: all positioning techniques may not achieve all positioning requirements in all scenarios
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Figure 1 V2X use case with highway scenario.
Figure 1 illustrates the V2X use case with highway scenario where UE-type RSUs are uniformly located with 200m spacing on both sides of highway symmetrically and also anchor UEs are located in back and forth of the target UE with 10m spacing and in both sides of the target UE with 4m spacing. In the real highway scenario, the target UE can receive SL positioning signal not only from UE-type RSU but also from the vicinity of anchor UEs and gNB. More details on evaluation assumptions are given in Appendix. 
2.1 Uncertainty for anchor UEs’ location coordinates
In this section, we evaluate the performance of SL positioning depending on uncertainty for anchor UEs’ location coordinates. If we consider UE-type RSUs or gNB, its location will not be changed and we can assume no uncertainty of the location coordinates when the target UE receives this information. On the other hand, if we consider SL positioning signals transmitted from anchor UEs moving in high speed, we cannot assume that the anchor UE’s location coordinates are perfectly known. In order to verify this problem, we evaluate the following three cases as:
· Case 1: No uncertainty of the location coordinates both from UE-type RSUs and anchor UEs. The target UE uses positioning signals both from UE-type RSUs and anchor UEs for absolute positioning.
· Case 2: No uncertainty of the location coordinates from UE-type RSUs but uncertainty from anchor UEs. The target UE uses positioning signals only from UE-type RSUs for absolute positioning.
· Case 3: No uncertainty of the location coordinates from UE-type RSUs but uncertainty from anchor UEs. The target UE uses positioning signals both from UE-type RSUs and anchor UEs for absolute positioning.
In Figure 2, we plot the CDFs of horizontal positioning errors in the V2X scenario as explained by Figure 1. Further details of the evaluation assumptions and results are shown in Appendix. In Case 1, it satisfies the target horizontal accuracy of 0.5 m (i.e. Set B). In Case 2, it satisfies the target horizontal accuracy of 1.5 m (i.e. Set A) but it cannot satisfy the target horizontal accuracy of 0.5 m (i.e. Set B). In Case 3, it cannot satisfy the target horizontal accuracy requirement both from Set A and Set B. Therefore, the following observation can be drawn:
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Figure 2 The performance of SL RTT with uncertainty in the anchor UEs’ location coordinates.
Observation 1: For evaluation of V2X use case with highway scenario, the CDFs of horizontal positioning error shows the following for absolute SL positioning with RTT (for 40MHz SLPRS transmission bandwidth) depending on uncertainty of the location coordinates as:  
· When the location coordinate information both from UE-type RSUs and anchor UEs are reliable, the target UE can use all SL positioning signals from UE-type RSUs and anchor UEs and it satisfies the target horizontal accuracy of 0.5 m (i.e. Set B). 
· When the location coordinate information is reliable for UE-type RSUs but it is not for anchor UEs, if the target UE selects only reliable sources (i.e. UE-type RSUs ), it satisfies the target horizontal accuracy of 1.5 m (i.e. Set A).  
· When the location coordinate information is reliable for UE-type RSUs but it is not for anchor UEs, if the target UE does not select reliable sources (i.e. UE-type RSUs ), it cannot satisfy the target horizontal accuracy requirement (i.e. Both Set A and Set B).    
2.2 Synchronization error between anchor UEs
In this section, we evaluate the performance of SL positioning depending on synchronization error between anchor UEs. For SL positioning evaluation, the following agreement was made in RAN1#109 meeting as
	Agreement
For SL positioning evaluation,
· 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.


For TDOA, it requires very accurate time synchronization between reference nodes. Unlike in Uu, we cannot simply assume that perfect synchronization in case of SL-TDOA because achieving high synchronization accuracy between multiple anchor UEs in SL is very difficult and expensive. To see the effect from synchronization error, we evaluate the following three cases as:
· Case 4: No synchronization error between all UE-type RSUs and anchor UEs. The target UE uses positioning signals both from UE-type RSUs and anchor UEs for absolute positioning.
· Case 5: No synchronization error between UE-type RSUs but synchronization errors between anchor UEs. The target UE uses positioning signals both from UE-type RSUs and anchor UEs for absolute positioning.
· Case 6: Synchronization error between all UE-type RSUs and anchor UEs. The target UE uses positioning signals both from UE-type RSUs and anchor UEs for absolute positioning.
In Figure 3, we plot the CDFs of horizontal positioning errors in the V2X scenario as explained by Figure 1. Further details of the evaluation assumptions and results are shown in Appendix. In Case 4, it satisfies the target horizontal accuracy of 1.5 m (i.e. Set A). In Case 5 and Case 6, it cannot satisfy the target horizontal accuracy requirement both from Set A and Set B. Therefore, the following observation can be drawn:
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Figure 3 The performance of SL-TDOA with synchronization error between anchor UEs and UE-type RSUs.
Observation 2: For evaluation of V2X use case with highway scenario, the CDFs of horizontal positioning error shows the following for absolute SL positioning with TDOA (for 40MHz SL PRS transmission bandwidth) depending on synchronization error between anchor UEs and UE-type RSUs as:  
· When UE-type RSUs and anchor UEs are perfectly synchronized, it satisfies the target horizontal accuracy of 1.5 m (i.e. Set A). 
· When UE-type RSUs are perfectly synchronized but anchor UEs have synchronization error, it cannot satisfy the target horizontal accuracy requirement (i.e. Both Set A and Set B).    
· When all UE-type RSUs and anchor UEs have synchronization error, it cannot satisfy the target horizontal accuracy requirement (i.e. Both Set A and Set B). 
2.3 SL PRS transmission bandwidth
In this section, we evaluate the performance of SL positioning for the following three cases as:
· Case 7: SL PRS transmission bandwidth of 100MHz
· Case 8: SL PRS transmission bandwidth of 40MHz
· Case 9: SL PRS transmission bandwidth of 20MHz
From theoretical analysis, following two potential impacts may be expected:
· Worse timing granularity: Reduced SL PRS transmission bandwidth (40MHz and 20MHz) will lead smaller sampling rate compared to 100 MHz, then the time domain granularity will be increased considering FFT size reduced into 2048 (40MHz) and 1024 (20MHz) from 4096 (100MHz);
· Worse sequence detection performance: Reduced SL PRS transmission bandwidth will lead shorter sequence applied for PRS, with Gold sequence for PRS, the self-correlation will be degraded.
In Figure 4, we plot the CDFs of horizontal positioning errors in the V2X scenario as explained by Figure 1. Further details of the evaluation assumptions and results are shown in Appendix. For Case 7, it satisfies the target horizontal accuracy of 0.5 m (i.e. Set B). For Case 8, it satisfies the target horizontal accuracy of 1.5 m (i.e. Set A). On the other hand, it cannot satisfy the target horizontal accuracy requirement both from Set A and Set B for Case 9. Therefore, the following observation can be drawn:
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Figure 4 The performance of SL-TDOA with different PRS transmission bandwidth.
Observation 3: For evaluation of V2X use case with highway scenario, the CDFs of horizontal positioning error shows the following for absolute SL positioning with TDOA depending different SL PRS transmission bandwidth as: 
· When SL PRS transmission bandwidth is 100MHz, it satisfies the target horizontal accuracy of 0.5 m (i.e. Set B). 
· When SL PRS transmission bandwidth is 40MHz, it satisfies the target horizontal accuracy of 1.5 m (i.e. Set A). 
· When SL PRS transmission bandwidth is 20MHz, it cannot satisfy the target horizontal accuracy requirement (i.e. Both Set A and Set B).    
3 Conclusions
This contribution discusses about evaluation methodology for SL positioning and provide evaluation results. Based on the discussion, the following observations and proposals are provided:
Proposal 1: For Rel-18 studies on SL positioning, focus on evaluation for FR1.
Observation 1: For evaluation of V2X use case with highway scenario, the CDFs of horizontal positioning error shows the following for absolute SL positioning with RTT (for 40MHz SLPRS transmission bandwidth) depending on uncertainty of the location coordinates as:  
· When the location coordinate information both from UE-type RSUs and anchor UEs are reliable, the target UE can use all SL positioning signals from UE-type RSUs and anchor UEs and it satisfies the target horizontal accuracy of 0.5 m (i.e. Set B). 
· When the location coordinate information is reliable for UE-type RSUs but it is not for anchor UEs, if the target UE selects only reliable sources (i.e. UE-type RSUs ), it satisfies the target horizontal accuracy of 1.5 m (i.e. Set A).  
· When the location coordinate information is reliable for UE-type RSUs but it is not for anchor UEs, if the target UE does not select reliable sources (i.e. UE-type RSUs ), it cannot satisfy the target horizontal accuracy requirement (i.e. Both Set A and Set B).    
Observation 2: For evaluation of V2X use case with highway scenario, the CDFs of horizontal positioning error shows the following for absolute SL positioning with TDOA (for 40MHz SL PRS transmission bandwidth) depending on synchronization error between anchor UEs and UE-type RSUs as:  
· When UE-type RSUs and anchor UEs are perfectly synchronized, it satisfies the target horizontal accuracy of 1.5 m (i.e. Set A). 
· When UE-type RSUs are perfectly synchronized but anchor UEs have synchronization error, it cannot satisfy the target horizontal accuracy requirement (i.e. Both Set A and Set B).    
· When all UE-type RSUs and anchor UEs have synchronization error, it cannot satisfy the target horizontal accuracy requirement (i.e. Both Set A and Set B). 
Observation 3: For evaluation of V2X use case with highway scenario, the CDFs of horizontal positioning error shows the following for absolute SL positioning with TDOA depending different SL PRS transmission bandwidth as: 
· When SL PRS transmission bandwidth is 100MHz, it satisfies the target horizontal accuracy of 0.5 m (i.e. Set B). 
· When SL PRS transmission bandwidth is 40MHz, it satisfies the target horizontal accuracy of 1.5 m (i.e. Set A). 
· When SL PRS transmission bandwidth is 20MHz, it cannot satisfy the target horizontal accuracy requirement (i.e. Both Set A and Set B).    
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Appendix 1: Evaluation cases and assumptions
Table 1 Common evaluation assumptions
	Parameter
	

	Carrier frequency
	6 GHz

	Subcarrier spacing
	30 kHz

	Reference Signal Transmission Bandwidth
	20/40/100 MHz 

	Positioning Reference Signal Information
	NR DL PRS (Comb-2, 2-symbols, Gold sequence), 1 port

	UE speed
	140 km/h

	UE power
	23 dBm

	Positioning methods (OTDOA, Multi-RTT, …)
	RTT and TDOA based absolute positioning

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Threshold based peak detection (max Correlation)

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	Taylor series

	Synchronization assumptions
	The synchronization error, per UE dropping, is defined as a truncated Gaussian distribution of (T1 ns) rms values between anchor UEs and/or UE-type RSUs assuming a largest timing difference of T2 ns, where T2 = 2*T1
- That is, the range of timing errors is [-T2, T2]
- T1:0ns (perfectly synchronized), 50ns (Optional)

	Precoding assumptions (codebook, nrof antenna elements used, etc)
	No precoding



Table 2 Evaluation parameters for absolute positioning in V2X use case in highway scenario considering uncertainty of location coordinates
	Parameters
	Case 1
	Case 2
	Case 3

	Uncertainty of location coordinates
	No uncertainty in anchor UEs
	Uncertainty in anchor UEs, selecting UE-type RSUs only
	Uncertainty in anchor UEs, no anchor UE selection



Table 3 Evaluation parameters for absolute positioning in V2X use case in highway scenario considering synchronization error
	Parameters
	Case 4
	Case 5
	Case 6

	Synchronization assumptions
	No synchronization error (T1:0ns)
	synchronization errors  (T1:50ns) only from anchor UEs
	synchronization errors (T1:50ns) from UE-type RSU and anchor UEs



Table 4 Evaluation parameters for absolute positioning in V2X use case in highway scenario considering different PRS transmission bandwidth
	Parameters
	Case 7
	Case 8
	Case 9

	Reference Signal Transmission Bandwidth
	100MHz
	40MHz
	20MHz



Appendix 2: Simulation results for each case

Table 5 CDFs of horizontal positioning errors for absolute positioning in V2X use case in highway scenario
	Case ID and brief description 
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, BW#40M, FR#1, positioning method #RTT, No uncertainty in anchor UEs
	0.048m
	0.092m
	0.142m
	0.209m
	Yes
	Yes

	Case #2, BW#40M, FR#1, positioning method #RTT, Uncertainty in anchor UEs, selecting UE-type RSUs only
	0.485m
	0.671m
	0.871m
	1.128m
	Yes
	No
If not, 54%-ile of UEs satisfying the target positioning accuracy requirement of 0.5m

	Case #3, BW#40M, FR#1, positioning method #RTT, Uncertainty in anchor UEs, no anchor UE selection
	0.856m
	1.116m
	1.373m
	1.768m
	No
If not, 84%-ile of UEs satisfying the target positioning accuracy requirement of 1.5m
	No
If not, 22%-ile of UEs satisfying the target positioning accuracy requirement of 0.5m

	Case #4, BW#40M, FR#1, positioning method #TDOA, No synchronization error
	0.443m
	0.731m
	1.057m
	1.454m
	Yes
	No
If not, 53%-ile of UEs satisfying the target positioning accuracy requirement of 0.5m

	Case #5, BW#40M, FR#1, positioning method #TDOA, synchronization errors only from anchor UEs
	2.819m
	3.926m
	4.595m
	5.757m
	No
If not, 23%-ile of UEs satisfying the target positioning accuracy requirement of 1.5m
	No
If not, 7%-ile of UEs satisfying the target positioning accuracy requirement of 0.5m

	Case #6, BW#40M, FR#1, positioning method #TDOA, synchronization errors from UE-type RSU and anchor UEs
	4.016m
	5.274m
	6.498m
	8.029m
	No
If not, 14%-ile of UEs satisfying the target positioning accuracy requirement of 1.5m
	No
If not, 5%-ile of UEs satisfying the target positioning accuracy requirement of 0.5m

	Case #7, BW#100M, FR#1, positioning method #TDOA, No synchronization error
	0m
	0.005m
	0.052m
	0.147m
	Yes
	Yes

	Case #8, BW#40M, FR#1, positioning method #TDOA, No synchronization error
	0.443m
	0.731m
	1.057m
	1.454m
	Yes
	No
If not, 53%-ile of UEs satisfying the target positioning accuracy requirement of 0.5m

	Case #9, BW#20M, FR#1, positioning method #TDOA, No synchronization error
	1.298m
	1.779m
	2.292m
	2.891m
	No
If not, 57%-ile of UEs satisfying the target positioning accuracy requirement of 1.5m
	No
If not, 19%-ile of UEs satisfying the target positioning accuracy requirement of 0.5m
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