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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The NR positioning study item for Rel-17 in [1] was agreed in RANP#86. The objective of the SI for RAN1 includes the following
	1. Study enhancements and solutions necessary to support the high accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.) requirements for commercial uses cases (incl. general commercial use cases and specifically (I)IoT use cases as exemplified in section 3 above (Justification)):
a. Define additional scenarios (e.g. (I)IoT) based on TR 38.901 to evaluate the performance for the use cases (e.g. (I)IoT). [RAN1]
b. Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in (I)IoT scenarios and identify any performance gaps. [RAN1]	
c. Identify and evaluate positioning techniques, DL/UL positioning reference signals, signalling and procedures for improved accuracy, reduced latency, network efficiency, and device efficiency.
Enhancements to Rel-16 positioning techniques, if they meet the requirements, will be prioritized, and new techniques will not be considered in this case. [RAN1, RAN2]
NOTE 1:	Sidelink is not part of this objective.
NOTE 2:	Involve RAN4 for validating assumptions for the systems evaluations where appropriate.
NOTE 3:	The commercial use cases and requirements are applicable to a limited geographic area.



Although according to NOTE 1, sidelink is currently not part of the above objectives, many companies (20 companies including Qualcomm, Deutsche Telekom, vivo, etc.) are supportive of sidelink positioning for V2X (see email discussion [2]) and have provided corresponding inputs for Rel. 17 NR positioning enhancements.
In this contribution, we first summarize specific applications where relative positioning is needed and the corresponding requirements. Subsequently, we discuss the use of sidelink positioning, i.e. relative positioning based on sidelink measurements, and highlight the need of sidelink positioning as a future objective for Rel-17 NR positioning. Finally, we discuss the applicability of Rel. 16 positioning techniques (i.e. based on time and/or angular measurements) for sidelink positioning.

Application Scenarios and Relative Positioning Requirements
V2X Applications
V2X positioning requirements for relative lateral and longitudinal accuracies have been proposed in [3], for supporting V2X scenarios and coordinated maneuvers between vehicles (i.e. overtaking, platooning and lane merging as depicted in Figure 1. The main purposes of the relative positioning requirements are to avoid collisions with a nearby vehicle during the maneuver (e.g, overtaking and lane merging), and in addition for platooning, to ensure that the vehicles in a platoon are at the correct distance apart (for fuel efficiency) and aligned on the highway. 5G relative positioning techniques are anticipated to be beneficial to support these V2X applications ubiquitously, by meeting the targeted requirements. 

[image: ]
[bookmark: _Ref39904616]Figure 1 Example coordinated maneuvers, (a) overtaking, (b) platooning, (c) lane merging

Relative Positioning Requirements
The relative positioning requirements for V2X applications are captured in [3], which include
Relative lateral accuracy < 0.1 m;
Relative longitudinal accuracy < 0.5 m (for platooning),
where the different accuracies in the lateral and longitudinal direction (see Figure 2) result from the different requirements for applications and maneuvers in V2X. However, these requirements are insufficient as further parameters need to be specified for applicability in V2X scenarios and maneuvers. For instance, the required confidence level (i.e. reliability) and the range of vehicle-to-vehicle distances for which the relative positioning requirements should be met are not specified. 
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[bookmark: _Ref39904753]Figure 2 Lateral direction and longitudinal direction

Moreover, relative positioning requirements for general vertical services (e.g. V2X and MTC, for indoor and outdoor) have been specified in [4] for positioning service level 7, as shown below in Table 1. In contrast to [3], these relative positioning requirements include the specification of the required reliability and supported UE-to-UE distances. For V2X scenarios, however, there are still some pending issues with the relative positioning requiremet in Tabel 1 from [4]. First, although the requirement of the horizontal accuracy is specified in Table 1, there are no specific requirements for the relative lateral accuracy and relative longitudinal accuracy, which as given in [3], may differ for V2X applications. Second, the requirements in Table 1 from [4] are tailored for a variety of vertical services, including factories and Industrial IoT applications with automated guided vehicles (AGV), robots and machines and other industrial devices as UEs. Based on the above points, the relative positioning requirements provided in Table 1 from [4] are not fully applicable for V2X, e.g. requirements support a UE velocity only up to 30 km/h. In addition, the relative positioning requirements from [4] are designed by leveraging the frequency bands from both FR1 and FR2, while presently mainly frequency bands in FR1 are prioritized for Rel. 17, i.e. in the work item on sidelink enhancements for Rel. 17 [5]. 
Based on the above discussion, we propose in a first step to support positioning service level 7 with reduced requirements (i.e. due to FR1 and higher UE velocities). In addition, these requirements should be tailored for V2X applications by specifying the required relative lateral and longitudinal accuracies, instead of the horizontal and vertical accuracies. Therefore, we propose combining the relative positioning requirements from [3] and [4] for Rel. 17 relative positioning.
Proposal 1: Define requirements for NR Rel-17 relative positioning based on the relative positioning requirements from TS 22.186 and TS 22.261 as a first step, with the final values TBD. 

[bookmark: _Ref39905261]Table 1 Excerpt from Table 7.3.3.2-1 “Performance requirements for Horizontal and Vertical positioning service levels" of TS 22.261 [4]
	Positioning service level
	Absolute(A) or Relative(R) positioning
	Accuracy 
(95 % confidence level)
	Positioning service availability
	Positioning service latency 
	Coverage, environment of use and UE velocity 

	
	
	Horizontal Accuracy 

	Vertical Accuracy
(note 1)
	
	
	5G positioning  service area
	5G enhanced positioning service area
(note 2)

	
	
	
	
	
	
	
	Outdoor and tunnels
	Indoor

	7
	R
	0,2 m
	0,2 m
	99 %
	1 s
	Indoor and outdoor (rural, urban, dense urban) up to 30 km/h
Relative positioning is between two UEs within 10 m of each other or between one UE and 5G positioning nodes within 10 m of each others (note 3)

	NOTE 1:	The objective for the vertical positioning requirement is to determine the floor for indoor use cases and to distinguish between superposed tracks for road and rail use cases (e.g. bridges).

NOTE 2: 	Indoor includes location inside buildings such as offices, hospital, industrial buildings. 

NOTE 3:	5G positioning nodes are infrastructure equipment deployed in the service area to enhance positioning capabilities (e.g. beacons deployed on the perimeter of a rendezvous area or on the side of a warehouse).




Relative Positioning
General
Currently, relative positioning techinques for V2X can be classified in two main categories: the first category being RAT-independent positioning, including GNSS and relative positioning schemes based on sensors in the vehicles (i.e. FMCW Radar, Lidar Radar, Cameras etc.), and the second category consisting of RAT-dependent positioning. 
For the first category, the availability requirement may not be met (e.g. GNSS coverage can be restricted) or the performance can be limited due to environmental conditions (e.g. bright sunlight, bad visibility, potential interference from other vehicle radars). Furthermore, for the case of GNSS positioning, signaling of the absolute position between vehicles is required: a first UE needs to share its absolute position with a second UE, to enable the second UE to derive the relative positioning between the UEs, based on the second UE’s own position. 
Therefore, the second category, i.e., RAT-dependent positioning, is considered as a good supplementary. With RAT-dependent positioning, the relative positioning can be determined based on network-based positioning or sidelink positioning. 
Network-based positioning
For network-based positioning, it involves first absolute positioning of the UEs at the network, followed by the relative positioning between the UEs and finally signaling the relative positioning to the UE(s). As a result, it may introduce several problems: 1) increased latency and signaling; 2) reduced availability due to the poor network coverage quality, e.g., for out of coverage or partial coverage; 3) more stringent requirements for the accuracy with absolute positioning. In addition, if the relative lateral positioning accuracy is  m, then the absolute lateral positioning accuracy should be   m, as the estimation errors in the absolute positioning of two UEs add up as shown in Figure 3.
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[bookmark: _Ref39905481]Figure 3 Relative positioning based on absolute positioning

Sidelink positioning
For sidelink positioning, sidelink is exploited for the transmission/reception of reference signals and/or positioning assistance data including configurations, control signals, etc. Depending on whether the position calculation is performed at a UE or not, there are two modes for sidelink positioning:
UE-based sidelink positioning mode: the position calculation is conducted by the terminal itself;
UE-assisted sidelink positioning mode: the position calculation is conducted by LCS (Location Server) based on measurement made by UE(s).

Relative positioning based on sidelink measurements has several key advantages, including the support for out of coverage and partial coverage UEs, reduced latency, reduced network signaling, and the possibility to reuse NR reference signals. Additionally, sidelink positioning provides a more natural procedure for supporting V2X applications and maneuvers, since the absolute position of a nearby UE is not required. Furthermore, sidelink positioning can complement RAT-independent positioning schemes (e.g. based on GNSS (e.g. when not reliable), radar, lidar, cameras, inertial measurement unit (IMU)) to improve the overall availability and reliability.
Based on the above discussion, we have the following proposals:
Proposal 2: For relative positioning, support the use of sidelink measurements.
Proposal 3: Study enhancements of Rel.  16 positioning techniques for sidelink positioning.

[bookmark: _Ref129681832]Conclusion
Proposal 1: Define requirements for NR Rel-17 relative positioning based on the relative positioning requirements from TS 22.186 and TS 22.261 as a first step, with the final values TBD. 
Proposal 2: For relative positioning, support the use of sidelink measurements.
Proposal 3: Study enhancements of Rel.  16 positioning techniques for sidelink positioning.
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