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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
During the NR positioning SI phase of Rel.18, various potential enhancements for NR positioning that involve both the Uu and PC5 interfaces so that the positioning accuracy can be improved and supporting new use-cases. One particular focus area within this topic was the study of SL positioning and the study outcome is captured in technical report TR 38.859 [1]. The report covered various aspects of SL positioning, including bandwidth requirements, performance evaluation for both absolute and relative positioning, ranging distance / ranging angle and the potential solutions. 
TR 38.859 has identified the areas related to the SL positioning and shown in the following:  
	For the study of different positioning methods, the following aspects are considered:
-	Definition(s) of the corresponding SL measurements for each method
-	Applicability of different positioning methods to absolute or relative positioning or ranging, including whether such categorization is needed to be discussed 
-	For angle-based methods, antenna configuration consideration(s) using practical UE capabilities
-	Per-panel location, if UE uses multiple panels 
-	UE's mobility, especially for V2X scenarios
-	Impact of synchronization error(s) between UEs
-	Existing SL measurements (e.g., RSSI, RSRP), and UE ID information etc, may be used.
With regards to the sidelink positioning measurement report, the following aspects are included as part of the study:
-	Contents of the measurement report, that may include:
-	One or more sidelink positioning measurement(s)
-	Timestamp(s) associated with a sidelink positioning measurement 
-	Quality metric(s) associated with a sidelink positioning measurement 
-	Identification Information for a sidelink positioning measurement
-	Time domain behavior of the measurement report (e.g., one-shot, triggered, aperiodic, semi-persistent, periodic).
Whether sidelink positioning measurements can be higher-layer report and/or a lower-layer report is considered in the study.
With regards to the Positioning methods supported using SL PRS measurements at least the following measurements are agreed to be introduced:
-	SL Rx-Tx time difference measurement
-	SL RSTD measurement
-	SL RSRP measurement
-	SL RSRPP measurement 
-	SL RTOA measurement
-	SL Azimuth angle of Arrival (AoA) and SL Zenith angle of Arrival (ZoA) measurement.




The work item was agreed in RANP#98e to proceed to the normative work, including an objective to specify measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA [2].
This contribution will present a discussion and conclusion based on the TR’s scope, with a focus on the potential specification impact of enhancing SL positioning measurements and reporting.
2. Discussion    

Round-Trip Time (RTT) positioning method has been part of the legacy NR positioning. In the context of sidelink positioning using RTT, Single-Sided SL-RTT (SS-SL-RTT) and Double-Sided SL-RTT (DS-SL-RTT) are two types of Round-Trip Time (RTT)-based solutions that have been identified. DS-SL-RTT compensates for the time drift generated by the unique oscillator drift in both User Equipment (UEs) by requiring a third SL-PRS transmission. However, this prolongs the total SL-RTT measurement and requires additional signalling / resources. On the other hand, SS-SL-RTT does not require a third SL-PRS transmission, but may be prone to the time drift issue.
In the SI phase, both types of SL-RTT were discussed, and it was concluded that both have their own advantages. In our view, both SL-RTT types should be supported for sidelink positioning. To minimize the impact of time drift in SS-SL-RTT, the Rx-Tx time difference should be minimized, for example by transmitting the second SL-PRS with a small time-gap right after the reception of the first SL-PRS. Furthermore, by introducing a time window between the first and second SL-PRS transmission, the impact of time drift in SS-SL-RTT can be minimized even further. In this case, the second SL-PRS can be transmitted in a predefined time and known by the first SL-PRS, making the SS-SL-PRS transmission more efficient, since the Rx-Tx time difference report from the second UE is no longer required.

[bookmark: _Toc127526207]Proposal 1: Support both Single-Sided (SS) and Double-Sided (DS) SL-RTT positioning method
[bookmark: _Toc127526208]Proposal 2: In case of SS-SL-RTT, introduce a time window between the first and second SL-PRS transmission in order to minimize the impact of the time drift.

One possible approach to enhance positioning accuracy in vehicle-to-everything (V2X) application is by integrating measurements from both the Uu-based positioning and PC5-based positioning as discussed and evaluated in [1]. NR positioning based on Uu interface has been well established since Release 16 to meet the commercial and IoT requirements. Further enhancements to NR positioning were introduced in Release 17, achieving accuracy in the order of 20 cm. The feasibility of the hybrid Uu/SL positioning approach has been verified during the study item phase as reported in [1], which included the simulations results on both SL-only positoning and joint Uu/SL positioning scenarios. The simulation revealed that joint Uu/SL positioning can achieve Set A requirements (less than 1.5m@90%) with a 20MHz bandwidth, while the SL-only positioning requires at least 40MHz or even 100MHz bandwidth.  
Adopting a hybrid Uu/SL positioning approach can bring several benefits in addition to the positioning accuracy improvement. For example, it provides a mechanism to ensure that SL positioning can operate normally even in scenarios where there is a limited number of SL anchor nodes (RSUs) in the surrounding area. This is particularly critical in absolute positioning that relies on multi-lateration, where at least two anchor devices are required for horizontal positioning and three anchor devices for 3D positioning. However, it may be challenging to meet the requirements in an RSU-sparse environment.
[bookmark: _Toc127526195]Observation 1: Hybrid positioning can improve the positioning procedure, especially when the SL positioning has limited operation, such as when RSUs are not sufficiently available in the coverage.

In hybrid positioning operation, we consider the legacy RTT and AoA measurement can work without the need for any modifications to the current specification. The respective measurements from Uu and PC5 links can be reported independently. However, TDOA measurement may require some changes to accommodate the combined Uu and PC5 links. Currently in DL-TDOA, a TDOA measurement report consists of two fields: RSTD reference and RSTD measurement. We consider to introduce the new TDOA measurement report for hybrid Uu and PC5. In this case, the timing measurement from the reference gNB can be set as the RSTD reference. This is particularly for the case when this timing measurement is reliable, such as based on LOS component. The RSTD measurement field could be populated by the timing measurement from a neighbouring gNB via a Uu link and also from an RSU via a PC5.
[bookmark: _Toc127526209]Proposal 3: Introduce a new TDOA measurement report format that support hybrid Uu-PC5 measurements for absolute positioning.
  
In legacy NR positioning, we can consider the device is a mobile / cellular phone where the size is relative small. In case of V2X application, the device can be a car where the antenna location can be located in certain location of  a car itself. This may lead to new challenges for UE positioning, particularly in the area of sidelink (SL) ranging and positioning. The ranging measurement only reflects the location of the antennas, not the geometry or location of the vehicle itself.  As a result, errors may arise when the antenna is mounted far from the reference location, such as the geometry center of the vehicle. The antenna can be placed as the  front bumper antenna.

[bookmark: _Toc127526196]Observation 2: In V2X ranging, the ranging measurement only reflects the location of the antennas but not the geometry/location of the vehicle itself. It could subsequently lead to an error when the antenna is mounted far from the reference point (e.g., geometry centre of the vehicle).
In the context of V2X ranging, Distributed Antenna Systems (DAS) have been considered in previous studies to enable a car to be equipped with multiple panels, with multiple antennas mounted at various locations such as the front and rear bumpers, rooftop, windshield, or front doors. This allows for more accurate localization compared to a single antenna scenario. However, to fully utilize the measurements from different arrays in a vehicle, the LMF in network-based ranging should at least be aware of the location of each antenna.
Proposal 3: For V2X ranging, support the reporting of the location of each antenna with respect to the reference point (e.g., geometry centre of the vehicle) to the LMF. In the case of a car equipped with DAS, multiple location reports may be required.
V2X ranging has the primary objective of avoiding collisions between vehicles. While reporting the antenna or vehicle location is important, this information alone may not be sufficient in many use cases. Knowing the outer geometric boundary of a vehicle can be critical in creating an alert area within the LMF, which in turn can be used to notify the vehicle when another SL device comes too close to its alert area. To this end, we propose the support of reporting the geometry information of a vehicle, including its geometry boundary, in V2X positioning. By including this information in the ranging process, the vehicle can receive more accurate and timely alerts, enabling it to react promptly to avoid accidents.
[bookmark: _Toc127526210]Proposal 4: For V2X positioning, support reporting of the geometry information of a vehicle, such as the geometry boundary of the vehicle.

Sidelink positioning is a technique that relies on the interaction between UEs to determine relative positioning and relative angle in certain use-cases. One of the use-cases is ranging-based services. However, in order to enable ranging service operation, a key issue was identified in the work done by SA2 on the assistance of another UE to estimate both relative positioning (distance) and angle, as illustrated in Figure 1.
[image: Diagram
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Figure 1: Illustration of ranging/positioning between host and target UEs, with help form an assistant UE. 

[bookmark: _Toc127526197]Observation 3: For SL-only absolute positioning, having a single measurement report between reference UE and target UE is not sufficient for determining the location of the target UE. This issue can be addressed by trilateration or multilateration, which requires an assistant UE. 

[bookmark: _Toc127526211]Proposal 5: Support positioning procedure with the assistance of another UE for the estimation of relative positioning and relative angle.
Sidelink positioning relies on the interaction between UEs, and obtaining the absolute location of a target UE requires an assistant UE with a known location, such as an RSU. However, the absolute location of the assistant UE may not always be available. To address this issue, it is beneficial that the RSUs can share its location information to LMF in network-based positioning, or to the target SL device in UE-based positioning.

[bookmark: _Toc127526212]Proposal 6: To facilitate SL positioning, support reporting of the location information of the RSUs involved in the ranging measurement.
For V2X ranging direction measurement, the angle measurement, including Angle of Arrival (AoA) and Angle of Departure (AoD), should be referenced to a fixed direction. The reference direction is essential for the SL positioning device because it helps the other entities to construct a local coordination system and thereby understand the direction measurement from the positioning measurement device. In Uu positioning, the reference direction is always associated with the antenna bore-sight direction of the gNB. In this case, the reference direction is always fixed since the gNB is stationary. However, it may not be the case in SL positioning. One or more SL device may not always be stationary  (e.g., moving). Hence, the antenna orientation is unpredictable. As a results of that, defining a fixed reference direction antenna bore-sight direction for SL ranging may be problematic.

In our view, a better approach is to establish a reference as the direction from the positioning measurement device toward a reference device. Here reference device is established only for defining a reference direction. It can be either reference signal transmitter/receiver or other SL devices. 

[bookmark: _Toc127526213]Proposal 7: For SL ranging, introduce a reference direction as the direction from positioning Measurement Device to a Reference Device.

[bookmark: _Toc127526214]Proposal 8: For SL relative positioning, support reporting of the ranging measurement between reference UE and assistant UE in helping of the relative positioning of the target UE.


3. Conclusion
In this contribution we provide our view on the measurement aspects of sidelink positioning. We made the following observations and proposals:
Observation 1: Hybrid positioning can improve the positioning procedure, especially when the SL positioning has limited operation, such as when RSUs are not sufficiently available in the coverage.
Observation 2: In V2X ranging, the ranging measurement only reflects the location of the antennas but not the geometry/location of the vehicle itself. It could subsequently lead to an error when the antenna is mounted far from the reference point (e.g., geometry centre of the vehicle).
Observation 3: For SL-only absolute positioning, having a single measurement report between reference UE and target UE is not sufficient for determining the location of the target UE. This issue can be addressed by trilateration or multilateration, which requires an assistant UE.

Proposal 1: Support both Single-Sided (SS) and Double-Sided (DS) SL-RTT positioning method
Proposal 2: In case of SS-SL-RTT, introduce a time window between the first and second SL-PRS transmission in order to minimize the impact of the time drift.
Proposal 3: Introduce a new TDOA measurement report format that support hybrid Uu-PC5 measurements for absolute positioning.
Proposal 4: For V2X positioning, support reporting of the geometry information of a vehicle, such as the geometry boundary of the vehicle.
Proposal 5: Support positioning procedure with the assistance of another UE for the estimation of relative positioning and relative angle.
Proposal 6: To facilitate SL positioning, support reporting of the location information of the RSUs involved in the ranging measurement.
Proposal 7: For SL ranging, introduce a reference direction as the direction from positioning Measurement Device to a Reference Device.
Proposal 8: For SL relative positioning, support reporting of the ranging measurement between reference UE and assistant UE in helping of the relative positioning of the target UE.
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