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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#109e, some agreements related to SL positioning scenario, use case, and its requirements were made as shown below [1]: 
	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

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. 

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.

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.

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

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

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

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

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

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



In this contribution, we provide our view and further consideration based on the agreement made in the last meeting on SL positioning scenario and evaluation assumption. 
2. Discussion 
2.1 Further consideration on relative positioning and ranging
Relative positioning, absolute positioning and ranging has been identified as the three main methods for SL positioning. Among these three methods, absolute positioning has been well defined in Rel.17 where the absolute UE location is referring to the global coordinate system. But for the rest two methods, relative position and ranging, the definition is still incomplete. 
As defined in RAN1#109e agreement [1], the following terminology are used in the study item phase:
· Target UE: UE to be positioned (in this context, using SL, i.e. PC5 interface).
· Anchor UE: UE supporting positioning of target UE, e.g., by transmitting and/or receiving reference signals for positioning, providing positioning-related information, etc., over the SL interface. 
· Sidelink positioning: Positioning UE using reference signals transmitted over SL, i.e., PC5 interface, to obtain absolute position, relative position, or ranging information.
· Ranging: determination of the distance and/or the direction between a UE and another entity, e.g., anchor UE.

In terms of relative positioning, the relative location measurement of the target UE relies on a reference point. We consider that the reference point can be another anchor UE. For example, an anchor UE who initiate the SL-Positioning, such as transmitting SL-PRS and another anchor UE to receive the SL-PRS (together with the target UE). Here, there could be a third SL positioning entity as defined as:
· Reference UE: Anchor UE as a reference point in providing the association with the obtained relative position/ ranging information. 
Having a separated entity ‘reference UE’ may open the possibility of cooperative positioning, where the anchor UE also act as the reference UE. In this case, the anchor UE performs relative positioning of target UE, but the relative location measurement is associated with a third UE which is the reference UE. On the other hand, defining a reference UE is also compatible with the ranging definition, where the ‘another entity’ as written in the definition could be either anchor or reference.

[bookmark: _Toc111118132]Observation 1: Relative positioning and ranging measurement relies on a reference point. Hence, it is beneficial to define a new positioning entity ‘reference UE’.
[bookmark: _Toc111118151]Proposal 1: Consider the following terminology: Reference UE: Anchor UE as a reference point in providing the association with the obtained relative position/ ranging information.

In terms of location format, the relative location should contain not only a relative coordinate, but also a specified reference UE identification. For example, a relative location of a SL UE can be express in a form of {relative coordinate , reference UE ID}. Likewise, the ranging measurement should be in a form of {ranging d, reference UE ID}.

[bookmark: _Toc111118152]Proposal 2: For relative positioning and ranging measurement, the relative coordinate and ranging should be associated with a reference UE’s ID.
For ranging direction measurement, the angle measurement (both AoA and ZoA measurements) should also refer to a specific reference direction. In RAN1#109e, it has been agreed to further study the reference direction. 
[bookmark: _Toc111118133]Observation 2: Ranging direction measurement is the angle measurement (both AoA and ZoA) referring to a reference direction.
In our view, there could be two possibilities for defining reference direction: The first is the boresight direction of the target device’s antenna as the reference. For example, the ranging direction could be in a form of the AoA/AoD in UE’s LCS. If the UE orientation is known, this helps the target UE to understand its own location relative to the others. The other possibility is the direction from the target UE to a reference UE. The reference UE in this case could be an entity with stable communication connection and a fixed location, such as an RSU. The corresponding measurement may be adopted in the case where the other entity cooperates with ranging measurement. 
Figure 1 shows an example of two reference direction options. In the left figure, the anchor UE also act as a reference. The reference direction in this case is the boresight direction of the UE antenna. In the right figure, the target UE treat a nearby RSU as reference UE rather than the anchor UE. Hence, the reference direction in this case is the direction from target UE to the RSU.  In our view, both reference direction options are needed in order to cover two different scenarios. 
[image: ]
Figure 1: illustration on two reference direction options.
[bookmark: _Toc111118153]Proposal 3: For ranging direction measurement, consider following two reference directions definitions:
i) The boresight direction of the target device’s antenna. 
ii) The direction from the target device to a reference device, such as RSU.

2.2 Further Considerations on V2X Positioning Requirements
Regarding the sidelink positioning requirements, particularly for V2X positioning, we consider the requirements defined in RAN1#109e is a good compromise. The accuracy requirements for absolute and relative positioning are:
· Set A: Horizontal accuracy of 1.5 m, Vertical accuracy of 3 m for 90% of UEs
· Set B: Horizontal accuracy of 0.5 m, Vertical accuracy of 2 m for 90% of UEs.
In these requirements, Set B gives the more stringent positioning requirement which only allows 0.5 m positioning horizontal accuracy for 90% of the use cases. In terms of SL positioning evaluation. we tend to select Set B as the baseline requirement for the evaluation purpose. This requirement is very relevant to one of the important scenarios in V2X, such as VRU collision avoidance. Furthermore, this requirement is still less stringent than the V2X Set 3 requirements as described in [3]. 
[bookmark: _Toc111118154]Proposal 4: Confirmed the working assumption on the requirements for evaluation of V2X use-cases for SL positioning made in RAN1#109e.
Besides accuracy, latency is also another important requirement in V2X positioning. For V2X positioning, we consider reusing the requirement for IIoT use case in [2], in which physical layer latency for position estimation of UE should be less than 10 ms and the End-to-end latency should be less than 100ms. We consider end-to-end latency is equivalent to service level latency as described in [3].
[bookmark: _Toc111118155]Proposal 5: Consider the following latency requirements for the evaluation of V2X positioning:
· End-to-end or service level latency for position estimation of UE (< [100] ms)
· Physical layer latency for position estimation of UE (< [10] ms)

3. Conclusion
In this contribution, we discuss further discussion on relative positioning and ranging definition for SL positioning study. Our observations and proposals are given below:
Observation 1: Relative positioning and ranging measurement relies on a reference point. Hence, it is beneficial to define a new positioning entity ‘reference UE’.
Observation 2: Ranging direction measurement is the angle measurement (both AoA and ZoA) referring to a reference direction.

Proposal 1: Consider the following terminology: Reference UE: Anchor UE as a reference point in providing the association with the obtained relative position/ ranging information.
Proposal 2: For relative positioning and ranging measurement, the relative coordinate and ranging should be associated with a reference UE’s ID.
Proposal 3: For ranging direction measurement, consider following two reference directions definitions:
i) The boresight direction of the target device’s antenna. 
ii) The direction from the target device to a reference device, such as RSU.

Proposal 4: Confirmed the working assumption on the requirements for evaluation of V2X use-cases for SL positioning made in RAN1#109e.
Proposal 5: Consider the following latency requirements for the evaluation of V2X positioning: 
· End-to-end or service level latency for position estimation of UE (< [100] ms)
· Physical layer latency for position estimation of UE (< [10] ms)
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