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Introduction

At RAN#94-e meeting, a new study item expanded and improved NR positioning was approved in RP-213588 [1]. At RAN1#109-e meeting, a lot of agreements were achieved related to scenarios and requirements for SL positioning as follows [2].
	Agreement
Following two operation scenarios are considered for studies on SL positioning:
· Scenario 1: PC5-only-based positioning
· Scenario 2: Combination of Uu- and PC5-based positioning solutions

Agreement
For evaluations for SL positioning:
· For V2X and public safety use-cases, at least in-coverage and out-of-coverage scenarios are considered.
· For IIoT and commercial use-cases, at least in-coverage scenarios are considered. 

Agreement
For the purpose of evaluations, in-coverage and out-of-coverage scenarios are prioritized during the SI. 
· Note: This prioritization is not intended to down-scope support of SL positioning for partial coverage scenarios.

Agreement
For evaluations for SL positioning:
· Operation in FR1 with channel bandwidths of up to 100 MHz are considered.
· Optional: Operation in FR2 with channel bandwidths of up to 400 MHz are considered.

Agreement
Positioning accuracy requirements for SL positioning are expressed as accuracy requirements of particular percentiles of UEs for one or more of the following metrics:
· Ranging accuracy, expressed as the difference (error) between the calculated distance/direction and the actual distance/direction in relation to another node
· Relative positioning accuracy, expressed as the difference (error) between the calculated horizontal/vertical position and the actual horizontal/vertical position relative to another node
· Absolute positioning accuracy. expressed the difference (error) between the calculated horizontal/vertical position and the actual horizontal/vertical position 
· Note: the exact applicability of particular requirements may vary across use-cases

Agreement
For evaluations of relative positioning, the horizontal plane is assumed parallel to the ground.

Working assumption
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 relative); Vertical accuracy of 3 m (absolute and relative) for 90% of UEs
· Set B (similar to “Set 3” defined in TR 38.845)
· Horizontal accuracy of 0.5 m (absolute and relative); Vertical accuracy of 2 m (absolute and relative) for 90% of UEs
· Note 1: For evaluated SL positioning methods, companies are expected to report: 
· (1) whether each of the two requirements are satisfied, and 
· (2) %-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

Agreement
For evaluation of public safety use-cases for SL positioning solutions, the following accuracy requirements are considered:
· 1 m (absolute or relative) horizontal accuracy and 2 m (absolute or relative between 2 UEs) or 0.3 m (relative positioning change for one UE) vertical accuracy for 90% of UEs
· Relative speed: up to 30 km/hr.
· Note 1: For evaluated SL positioning methods, companies are expected to report: 
· (1) whether the requirement is satisfied, and 
· (2) %-ile of UEs satisfying the target positioning accuracy if the requirement 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


Agreement
For evaluation of commercial use-cases for SL positioning solutions, the following accuracy requirements are considered:
· 1 m (absolute or relative) horizontal accuracy and 2 m (absolute or relative) vertical accuracy for 90% of UEs
· Relative speed: up to 30 km/hr.
· Note 1: For evaluated SL positioning methods, companies are expected to report: 
· (1) whether the requirement is satisfied, and 
· (2) %-ile of UEs satisfying the target positioning accuracy if the requirement 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

Working assumption
For evaluation of IIoT use-cases for SL positioning solutions, the following accuracy requirements are considered:
· For horizontal accuracy, 
· Set A: 1 m (absolute or relative) for 90% of UEs
· Set B: 0.2 m (absolute or relative) for 90% of UEs
· For vertical accuracy, 
· Set A: 1 m (absolute or relative) for 90% of UEs
· Set B: 0.2 m (absolute or relative) for 90% of UEs
· Relative speed: up to 30 km/hr.
· Note 1: For evaluated SL positioning methods, companies are expected to report: 
· (1) whether each of the two requirements are satisfied, and 
· (2) %-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

Agreement
For evaluations in Rel-18, ranging requirements for SL positioning are defined as:
· For a given use-case, the value of the distance requirement for ranging distance accuracy is same as the value identified for horizontal positioning accuracy for relative positioning. 
· The requirement on ranging direction accuracy is Y degrees for 90% of UEs.
· FFS: Exact definition of ranging direction accuracy, including value(s) of Y and reference direction

Agreement
For Rel-18 studies on SL positioning, focus on positioning accuracy
· Note: End-to-end positioning latency is expected to satisfy a latency budget of X second(s).
· FFS: value of X



This contribution discusses sidelink positioning scenarios and requirements. Section 2 discusses scenarios of SL positioning. Section 3 discusses target performance requirements of SL positioning. Section 4 summarizes the proposals with conclusions.

[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Scenarios of SL positioning

The following agreements were achieved in RAN1#109-e related to scenarios of SL positioning [2]:
	Agreement
Following two operation scenarios are considered for studies on SL positioning:
· Scenario 1: PC5-only-based positioning
· Scenario 2: Combination of Uu- and PC5-based positioning solutions

Agreement
For evaluations for SL positioning:
· For V2X and public safety use-cases, at least in-coverage and out-of-coverage scenarios are considered.
· For IIoT and commercial use-cases, at least in-coverage scenarios are considered. 

Agreement
For the purpose of evaluations, in-coverage and out-of-coverage scenarios are prioritized during the SI. 
· Note: This prioritization is not intended to down-scope support of SL positioning for partial coverage scenarios.



In the SID of Rel-18 positioning evolution [1], it is proposed that all the three coverage scenarios should be cover, including in-coverage, partial-coverage and out-of-coverage. According to TR 38.845 [3], three network coverage scenarios can be considered when at least two UEs are involved in positioning for V2X and public safety use cases as follows. And a UE may transit between in-coverage, partial coverage and out-of-coverage scenarios.
· In-coverage scenario (IC): refers to the case where all the UEs envolved in the sidelink positioning are inside the network, as shown in Figure 1.
· Partial coverage scenario (PC): refers to the case where at least one UE envolved in the sidelink positioning remains inside the network coverage and at least one UE envolved in the sidelink positioning is outside the network coverage, as shown in Figure 2. 
· Out-of-coverage scenario (OOC): refers to the case where all the UEs envolved in the sidelink positioning are outside the network coverage, as shown in Figure 3.


[bookmark: _Ref531390502][bookmark: _Ref531390480][image: ]
[bookmark: _Ref110871194]Figure 1: In-coverage scenario
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[bookmark: _Ref110871201]Figure 2: Partial coverage scenario
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[bookmark: _Ref110871206]Figure 3: Out-of-coverage scenario

Regarding the three coverage scenarios, for the in-coverage scenario, the positioning methods defined in Rel-16, such as DL-TDOA/Multi-RTT/DL-AoD, can be used to obtain the location of UEs. For the partial coverage scenario, it seems the combination of in-coverage scenario and out-of-coverage. In our point of view, the main task of Rel-18 sidelink positioning should be finding the positioning solution for UEs in out-of-coverage and evaluating its positioning performance. Therefore, out-of-coverage scenario has higher priority than the other two scenrios. The performance evaluation and potential solution investigation should focus on out-of-coverage scenario in Rel-18.
In addition, considering relative positioning requirements from V2X and IIoT use cases are urgent, and relative positioning solutions for out-of-coverage scenario are absent for current 3GPP specifications, PC5-only-based positioning solutions should have higher priority than combination of Uu- and PC5-based positioning solutions.

Proposal 1: Out-of-coverage scenario has higher priority than the other two scenrios. The performance evaluation and potential solutions investigation should focus on out-of-coverage scenario in Rel-18.
Proposal 2: PC5-only-based positioning solutions should have higher priority than combination of Uu- and PC5-based positioning solutions.

Target performance requirements of SL positioning

The following agreements were achieved in RAN1#109-e related to target performance requirements of SL positioning [2]:
	Working assumption
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 relative); Vertical accuracy of 3 m (absolute and relative) for 90% of UEs
· Set B (similar to “Set 3” defined in TR 38.845)
· Horizontal accuracy of 0.5 m (absolute and relative); Vertical accuracy of 2 m (absolute and relative) for 90% of UEs
· Note 1: For evaluated SL positioning methods, companies are expected to report: 
· (1) whether each of the two requirements are satisfied, and 
· (2) %-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

Agreement
For evaluation of public safety use-cases for SL positioning solutions, the following accuracy requirements are considered:
· 1 m (absolute or relative) horizontal accuracy and 2 m (absolute or relative between 2 UEs) or 0.3 m (relative positioning change for one UE) vertical accuracy for 90% of UEs
· Relative speed: up to 30 km/hr.
· Note 1: For evaluated SL positioning methods, companies are expected to report: 
· (1) whether the requirement is satisfied, and 
· (2) %-ile of UEs satisfying the target positioning accuracy if the requirement 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


Agreement
For evaluation of commercial use-cases for SL positioning solutions, the following accuracy requirements are considered:
· 1 m (absolute or relative) horizontal accuracy and 2 m (absolute or relative) vertical accuracy for 90% of UEs
· Relative speed: up to 30 km/hr.
· Note 1: For evaluated SL positioning methods, companies are expected to report: 
· (1) whether the requirement is satisfied, and 
· (2) %-ile of UEs satisfying the target positioning accuracy if the requirement 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

Working assumption
For evaluation of IIoT use-cases for SL positioning solutions, the following accuracy requirements are considered:
· For horizontal accuracy, 
· Set A: 1 m (absolute or relative) for 90% of UEs
· Set B: 0.2 m (absolute or relative) for 90% of UEs
· For vertical accuracy, 
· Set A: 1 m (absolute or relative) for 90% of UEs
· Set B: 0.2 m (absolute or relative) for 90% of UEs
· Relative speed: up to 30 km/hr.
· Note 1: For evaluated SL positioning methods, companies are expected to report: 
· (1) whether each of the two requirements are satisfied, and 
· (2) %-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



In this section, the target performance requirements of SL positioning are discussed, for V2X use cases and IIoT use cases, respectively.

V2X use cases

During the discussion in RAN1#109-e, as listed above, the working assumption related to performance requirements for V2X use cases were achieved.
In the working assumption achieved in RAN1#109-e, both Set A and Set B are considered for evaluation of V2X use cases for SL positioning. Set A is meter level accuracy requirement for both horizontal positioning accuracy (1.5 m, absolute or relative) and vertical positioning accuracy (3 m, absolute or relative), it is similar to the “Set 2” requirement defined in TR 38.845[3]. Set B is sub-meter level accuracy requirement for horizontal positioning accuracy (0.5 m, absolute or relative) and meter level accuracy requirement for vertical positioning accuracy (3 m, absolute or relative), it is similar to the “Set 3” requirement defined in TR 38.845[3].
For V2X use cases, SL-PRS bandwidth for SL positioning is basically limited, especially when UE operating in ITS band (up to 40MHz). In addition, positioning requirements of V2X use cases should be satisfied for indoor, outdoor, under tunnel with the UE velocity up to 250 km/h (TR 38.845[3]). Therefore, considering the limited SL-PRS bandwidth and supporting to high speed case, we think Set B (Horizontal accuracy of 0.5 m ) is difficult to be reached in Rel-18, and Set A (Horizontal accuracy of 1.5 m ) should be the design target and reached in Rel-18.

Observation 1: For V2X use cases, Set B (Horizontal accuracy of 0.5 m ) is difficult to be reached in Rel-18
Proposal 3: For V2X use cases, Set A (Horizontal accuracy of 1.5 m ) should be the design target and reached in Rel-18.

IIoT use cases

During the discussion in RAN1#109-e, as listed above, the working assumption related to performance requirements for IIoT use cases were achieved.
In the working assumption achieved in RAN1#109-e, both Set A and Set B are considered for evaluation of IIoT use cases for SL positioning. Set A is meter level accuracy requirement (1 m, absolute or relative) for both horizontal positioning accuracy and vertical positioning accuracy. Set B is sub-meter level accuracy requirement (0.2 m, absolute or relative) for both horizontal positioning accuracy and vertical positioning accuracy.
For IIoT use cases, SL-PRS bandwidth for SL positioning is basically limited. In addition, for InF-DH scenario (defined in TR 38.857[4]), its LOS probability is very low (less than 10% @ = 10m, and 0% @ = 50m). 
In the evaluation of the LOS probability for IIoT use cases, three sets of clutter parameters {density , height ,size } are evaluated as shown in the following as described in section 7.8.4 of TR 38.901[5]:

	Clutter parameters: {density , height ,size }
	CASE 1：Sparse clutter : {20%, 2m, 10m}
CASE 2：Dense clutter : {60%, 6m, 2m}
CASE 3：Middle clutter : {40%, 2m, 2m}



CASE 1 and CASE 2 refer to the spares clutter and dense clutter scenarios, respectively, while CASE 3 refer to middle clutter scenario. 
Assuming BS antenna height = 8 m and UE antenna height = 1.5m, Figure 4 shows the LOS probability vs.  for the three CASEs, where  represents 2D distance between UE and TRP in horizontal dimension in unit of meter. As shown in the Figure 4, the LOS probability of CASE 1 (SH) is the highest (more than 90% @ = 50m), the LOS probability of CASE 2 (DH) is the lowest (less than 10% @ = 10m, and 0% @ = 50m), and the LOS probability of CASE 3 is in the middle (about 35% @ = 50m).

[image: ]
[bookmark: _Ref110871259]Figure 4: LOS probability vs 2D-distance 

Therefore, considering the limited SL-PRS bandwidth and very low LOS probability for InF-DH scenario, we think Set B (Horizontal/vertical accuracy of 0.2 m) is difficult to be reached in Rel-18, and Set A (Horizontal/vertical accuracy of 1 m) should be the design target and reached in Rel-18.
Observation 2: For IIoT use cases, Set B (Horizontal/vertical accuracy of 0.2 m) is difficult to be reached in Rel-18.
Proposal 4: For IIoT use cases, Set A (Horizontal/vertical accuracy of 1 m) should be the design target and reached in Rel-18.

In addition, considering that the scope of Rel-18 positioning evolution is relatively large, in order to reduce the work load of the groups, we prefer to focus on 1 ~ 2 more important kinds of use cases rather than all of the four kinds of use cases. Since the positioning requirements of V2X use cases from 5GAA and IIoT use cases from verticals are more urgent, V2X use cases and IIoT use cases should have higher priority than the other two kinds of use cases. The performance evaluation and potential solutions investigation should focus on V2X use cases and IIoT use cases in Rel-18.

Proposal 5: V2X use cases and IIoT use cases should have higher priority than the other two kinds of use cases. The performance evaluation and potential solution investigation should focus on V2X use cases and IIoT use cases in Rel-18.

[bookmark: _Ref47295954][bookmark: _Ref60564645]Conclusions

In this contribution, we discuss sidelink positioning scenarios and requirements, and give the following observations and proposals:
Proposal 1: Out-of-coverage scenario has higher priority than the other two scenrios. The performance evaluation and potential solutions investigation should focus on out-of-coverage scenario in Rel-18.
Proposal 2: PC5-only-based positioning solutions should have higher priority than combination of Uu- and PC5-based positioning solutions.
Observation 1: For V2X use cases, Set B (Horizontal accuracy of 0.5 m ) is difficult to be reached in Rel-18
Proposal 3: For V2X use cases, Set A (Horizontal accuracy of 1.5 m ) should be the design target and reached in Rel-18.
Observation 2: For IIoT use cases, Set B (Horizontal/vertical accuracy of 0.2 m) is difficult to be reached in Rel-18
Proposal 4: For IIoT use cases, Set A (Horizontal/vertical accuracy of 1 m) should be the design target and reached in Rel-18.
Proposal 5: V2X use cases and IIoT use cases should have higher priority than the other two kinds of use cases. The performance evaluation and potential solution investigation should focus on V2X use cases and IIoT use cases in Rel-18.
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