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1. Introduction

The NR positioning study item for Rel-17 in [1] was agreed in RAN#86. The objectives of the SI for RAN1 include 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, signaling 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 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 discuss sidelink positioning and highlight its benefits, in particular for relative positioning. Subsequently, we present use cases and requirements for relative positioning, and state how sidelink positioning can be beneficial for such use cases. Finally, we discuss the need for RAN to study requirements for relative positioning considering different parameters and design aspects.
2. Sidelink positioning 
In the same way as uplink/downlink positioning is based on uplink/downlink measurements, sidelink positioning is based on sidelink measurements, and therefore the sidelink is exploited for the transmission/reception of reference signals. Sidelink positioning can be considered for different coverage scenarios, i.e. for UEs in network coverage, partial coverage, or out of network coverage. Furthermore, sidelink positioning can be used to  support RAT-dependent positioning like uplink/downlink positioning, e.g. when one UE serves as an anchor node, as well as to support RAT-independent positioning, i.e. based on GNSS and/or on-board sensors like FMCW radar, Lidar radar, cameras, inertial measurement unit (IMU). Sidelink positioning can, however, also be standalone to facilitate relative positioning. 
In particular for relative positioning, sidelink has several key advantages, including the support for out of coverage and partial coverage UEs, reduced latency, reduced network signaling, and a higher LOS probability. Furthermore, relative positioning based on uplink/downlink positioning involves firstly absolute positioning of the UEs (e.g. at the network), followed by the computation of the relative positioning between the UEs, and finally signaling the relative positioning to the UE(s). As a result, uplink/downlink positioning for relative positioning introduces several problems: 1) increased latency and signaling; 2) reduced availability due to the poor network coverage; and 3) more stringent accuracy requirements for absolute positioning. For the last point: if the required accuracy for the relative lateral positioning is ≤ x m, then the required accuracy for the absolute lateral positioning should be ≤ x/2 m. This is due to the fact that the resulting estimation error of relative positioning is the sum of the estimation errors of the absolute positioning of the two UEs for this case, as shown in Figure 3 for a V2X maneuver.  
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Figure 1 Relative positioning based on absolute positioning
Sidelink positioning also offers some benefits  compared to RAT-independent positioning (i.e. based on GNSS and/or on-board sensors on a UE), which can be impacted due to restricted GNSS coverage or limited performance of on-board sensors due to environmental conditions such as bright sunlight, bad visibility, and potential interference from other radars. Furthermore, determining the relative positioning based on GNSS requires signaling of the absolute position between two UEs: UE-A needs to share its absolute position with UE-B, to enable UE-B to derive the relative positioning between the UEs, based on UE-B’s own position. 

Thus, sidelink positioning can complement uplink/downlink positioning as well as RAT-independent positioning schemes, i.e. when GNSS or on-board sensors are not reliable, to improve the overall availability and reliability. Additionally, sidelink positioning provides a more natural procedure for supporting the relative positioning in the several use cases including for V2X maneuvers, collision avoidance, UEs in rendezvous phase, tool tracking, etc., where the absolute position of a nearby UE is not required. 
Observation 1: Sidelink positioning supports relative positioning, with several key and important advantages.

3. Use cases and requirements for relative positioning
Relative positioning is required in diverse public safety applications and commercial services. Sidelink positioning can be beneficial for the relative positioning in such applications and use cases including: V2X applications, road use cases (i.e. road tolling), emergency services (i.e. 1st responders), proximity ranging, unmanned aerial vehicles (UAV) scenarios, handheld/wearables applications, IIOT applications and smart factories.
3.1 V2X applications

Relative positioning in V2X is useful for supporting V2X scenarios and coordinated maneuvers between vehicles (i.e. overtaking, platooning and lane merging) as depicted in Figure 2. 
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Figure 2 Example coordinated maneuvers, (a) overtaking, (b) platooning, (c) lane merging
The relative positioning requirements for V2X applications are captured in TS 22.186 [3], which include

· Relative lateral accuracy < 0.1 m;

· Relative longitudinal accuracy < 0.5 m (for platooning),

where these different accuracies in the lateral and longitudinal direction result from the different requirements for applications and maneuvers in V2X. The main purposes of the relative positioning requirements for V2X applications are to avoid collisions with a nearby vehicle during a maneuver (e.g. overtaking and lane merging), where also latency is an important factor to consider. In addition the relative positioning requirements for platooning are to ensure that the vehicles in a platoon are at the correct distance apart (for fuel efficiency) and aligned on the highway. Relative positioning can also be useful for VRU protection.
However, these relative positioning requirements are difficult for UL/DL positioning to meet, since the requirements targeted by UL/DL are on absolute accuracy of <1 m for general commercial use cases in Rel-17, and < 0.2 or 0.5 m for IIoT use cases (TR 22.804, and recently agreed in the Rel-17 SI), which translate respectively to 2 m accuracy and 0.4 or 1.0 m accuracy for relative positioning. Furthermore, positioning for V2X applications is also required for out of network coverage or partial coverage UEs. Thus, sidelink positioning can be beneficial to support these V2X applications ubiquitously, by meeting the targeted requirements and taking also latency into account. 
5GAA and SAE have both identified the value of sidelink positioning to the V2X domain, and have requested 3GPP to introduce the feature [4],[5]. 

3.2 Road Tolling
Relative positioning can be useful for use cases in several vertical domains described in Table 1 taken from [6]. One of the listed use cases is road tolling. Although the service area is outdoors, road tolling may also be needed in tunnels as pointed out in Table 1. Road tolling is related to V2X, as RSUs can be used to provide positioning for a vehicle in a given lane. The positioning requirements for road tolling are also listed in Table 1, where <1 m accuracy is specified across the track for detecting the lane (for charging purposes). The positioning of a vehicle at the lane level can be achieved based on the vehicle’s relative position to the RSUs, which can be enabled with sidelink positioning. 

3.3 1st responders

Table 1 lists other vertical use cases which can benefit from relative positioning, including 1st responders. Such an emergency service not only requires accurate tracking of 1st responders in the horizontal and vertical domain, but also requires precise guidance of the 1st responders. For a swift localization of a target, the relative position of the target with respect to the 1st responders would be very useful [7]. In addition, changes of < 0.3 m in the height of a 1st responder are also required, e.g. to detect a fall [6]. To achieve awareness of such precise height variations, the relative positioning among members of a team with 1st responders would be highly beneficial. As such emergency services need to be supported also for UEs with no network or GNSS coverage, sidelink positioning can be employed for this use case.
Table 1 Excerpt from Table B.1-1 “Typical needs to support example use cases from vertical industries” of 
TS 22.261 [6]
	Use cases
	Description
	Main KPIs range and drivers

	1st responders
	Tracking and guidance of 1st responders, with requirements for high-accuracy in the horizontal domain and vertical domain, as well as accurate awareness of height variation to detect falls, combined to a high level of availability and reliability
	Service area is both indoor and outdoor

Accuracy: < 1m horizontal, < 2m vertical (indoor for floor detection) and < 0.,3 m vertical (relative) to detect changes in height of the UE holder.

Availability > 95 % (98% outdoor)

Other KPI drivers include: Mission Critical X (MCX), confidence, event-triggered report

	Road
	Use cases involving road vehicles such as traffic monitoring, road-user charging (e.g. Road-Tolling, insurance mechanisms, etc.) which require positioning or tracking of vehicles at lane level, but also some awareness of position in the vertical domain (e.g. bridges)
Service area is outdoor, but may include tunnels.
	Accuracy: 1-3m horizontal (with <1m across-track for lane detection), <2,5 m vertical,

Velocity < 2m/s, Availability: 95-99%

Other KPI drivers include: tampering detection and prevention (typically for Road User Charging)

	UAV
	Use cases involving UAV, requiring high accuracy in both the horizontal and vertical domain, as well as high level of availability and reliability – may involve absolute or relative positioning.
	Service area is outdoor.
Accuracy: 0,1-0,5m horizontal, 0,1 – 0,3m vertical,

Velocity <0,5m/s, Availability: 99-99,9%, latency requirement may be <150 ms 

Other KPI drivers include: tampering detection and prevention

	NOTE 1: Vertical accuracy in the order of 2—3m aim to distinguish among floors indoor (offices, housing, etc.)




3.4 Handhelds/Wearables
Other use cases including handhelds/wearables can also make use of relative positioning when UEs are in close proximity [8]. For bike sharing, a user approaching a rendezvous area for finding and picking up a rented bike requires accurate positioning, similar to when a UAV approaches a docking station. As indicated in Table 2, an accuracy around 0.2 m can be expected for different relative positioning services with handheld/wearables. Such precise positioning is required when a UE is in short range of the target, i.e. rented bike, and can be supported with relative positioning between UEs, i.e. the user and the rented bike. Sidelink positioning can also be used for this use case, in particular when GNSS is not reliable or when being out of network coverage.
Table 2 Excerpt from Table 6.3-1 “Overview of grouped use cases (UE type, Accuracy & Environment of use)” of 

TR 22.872 [8]
	Type of UE
	Related 
Use cases
	KPI
	Service area – environment of use

	
	
	
	Enhanced positioning area
	5G positioning service area

	
	
	
	Outdoor / Indoor
	Outdoor 
(rural, suburban)
	Outdoor
(deep urban)
	Indoor

	Handheld / wearables
	Bike Sharing

Augmented Reality

Wearables

Advertisement push

Flow management

Patient Location (2)

Emergency Call
	Horizontal Accuracy
	0.2m - 1m
	1m - 3m
	1m - 3m
	10m - 50m

	
	
	Vertical 
Accuracy
	Outdoor:1-3 m

Indoor: 0.1-1 m
	3m
	3m
	0.1 – 3 m

	
	
	Velocity (bearing)
	
	2m/s (10deg.)
	2m/s (10deg.)
	

	
	
	Availability
	80 % - 99%
	80% - 99%
	80% - 99%
	0.95

	
	
	TTFF
	10s - 30s
	10s - 30s
	10s - 30s
	10s - 30s

	Colour legend

	
	Very high accuracy use cases in favourable environment of use: either enhanced positioning areas or outdoor environments with limited signal obstruction. This group features accuracy levels below 0.2 m, expected for relative positioning services, during rendezvous phase between two UE standing in close range of each other (< 10 m).

	
	High accuracy use cases, with less demanding availability (e.g. 90%) or facing outdoor or enhanced positioning areas.

	
	Use cases for which accuracy targets are relaxed to fulfil reasonable positioning service over a wide area, usually throughout the 5G positioning service area (both indoor and outdoor) or with very low energy consumption (e.g. to sustain a 15-years of battery lifetime)


3.5 Smart factories

Another scenario where relative positioning has also been considered are the factories of the future. Relative positioning can be used by mobile assets like automated guided vehicles (AGVs) for collision avoidance. Furthermore, moving devices like forklifts, which need to locate and transport a specific object, can exploit the relative positioning to the object for this purpose [7]. Relative positioning can also be used for tracking of portable assembly tools like screwdrivers at the work station. As indicated in Table 3, the relative positioning accuracy for tracking of tools could be < 1m in flexible production scenarios. For such an indoor scenario with poor or no network or GNSS coverage, sidelink positioning can be beneficial. It is worth consideration of to what extent relative positioning based on sidelink and the absolute positioning based on uplink/downlink being studied for Rel-17 enhancement are able to complement one another.
Table 3 Excerpt from Table in Section “Positioning Service Performance Requirements” of TR 22.804 [9]
	Scenario 
	Horizontal accuracy 
	Availability
	Heading 
	Latency for position estimation of UE
	UE Mobility 
	Use case reference

	Flexible, modular assembly area in smart factories (for tracking of tools at the work-place location)
	< 1m (relative positioning)
	99%
	N/A
	1 s
	< 30km/h
	Factories of the Future18.20


Observation 2: Uplink/downlink positioning may not be able to support relative positioning of certain use cases, e.g. due to reduced network coverage and not meeting the requirements necessary for relative positioning.
Observation 3: Sidelink positioning can be used to support the relative positioning of several use cases.
4. Extended requirements for relative positioning
Further considerations for the relative positioning requirements of certain uses cases may be required. On the one hand, requirements for further parameters may need to be specified in some uses cases. For instance, parameters like the latency, the required confidence level (i.e. reliability), availability and the range of vehicle-to-vehicle distances for which the relative positioning requirements should be met for V2X applications are currently not specified in [3]. As an example, we discuss in the following how the relative positioning requirements for V2X maneuvers could be extended for V2X applications.
Relative positioning requirements for general vertical services (e.g. V2X and MTC, for indoor and outdoor) have been specified in [6] for positioning service level 7, as shown in Table 4. In contrast to the V2X requirements in [3], these relative positioning requirements include the specification of the positioning service latency, the required reliability and supported UE-to-UE distances. For V2X scenarios, however, there are still some pending issues with the relative positioning requirements given in Table 4. The requirements in Table 4 are mainly tailored for a wide variety of vertical services, including smart factories and IIoT applications with AGV, robots, machines and other industrial devices as UEs. Although the requirement of the horizontal accuracy is specified in Table 4, there are no specific requirements for the relative lateral accuracy and relative longitudinal accuracy (in contrast to [3]), which can be different in V2X applications. Therefore, the relative positioning requirements provided in Table 4 are not fully applicable for V2X and furthermore, the requirement only supports a UE velocity up to 30 km/h. In addition, the relative positioning requirements in Table 4 are designed by leveraging the frequency bands from both FR1 and FR2, while presently mainly frequency bands in FR1 are prioritized in sidelink enhancements for Rel. 17 [10]. 
Table 4 Excerpt from Table 7.3.3.2-1 “Performance requirements for horizontal and vertical positioning service levels" of TS 22.261 [6]
	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).




Based on the above discussion, at first a positioning service level 7 with reduced requirements (i.e. due to FR1 and higher UE velocities) should be considered for V2X. In addition, these requirements should be tailored for specific use cases, e.g. for V2X applications by specifying the required relative lateral and longitudinal accuracies, instead of the horizontal and vertical accuracies. For relative positioning in V2X, this can be achieved by combining the relative positioning requirements from [3] and [6]. The relative positioning requirements should also consider distinct UE types in different use cases. 
In addition, the relative positioning requirements should also take different design considerations into account. As mentioned above, sidelink positioning for relative positioning can be performed standalone. Furthermore, relative positioning can also be performed with sidelink positioning complementing uplink/downlink positioning and/or RAT-independent positioning schemes, i.e. when GNSS or on-board sensors are not reliable, to improve the overall availability and reliability. Moreover, depending on where the position calculation is performed, two modes for sidelink positioning can be identified:

· UE-based sidelink positioning mode: the position calculation is performed at a UE, based on sidelink measurements made by  UE(s);

· Network-based sidelink positioning mode: the position calculation is performed at the LCS (Location Server) based on sidelink measurement made by UE(s).
Thus, sidelink positioning supports different operating modes: i.e. standalone or in conjunction with another scheme (i.e. RAT-independent and/or uplink/downlink (RAT-dependent) positioning); UE-based or network-based sidelink positioning. 

In identifying the use cases of priority for stage 2 and 3 work together with their content and RAN-level requirements, aspects including network coverage, frequency bands, different types of UE, and different operation modes (i.e. for sidelink positioning), need to be taken into account. This should allow RAN to identify the appropriate scope of design that would be needed to support the use cases.
Proposal 1: Establish a RAN-level study item in NR Rel. 17 to identify the content of priority use cases for RAN-level design, together with their extended requirements for relative positioning, including accuracy, latency, and availability. The SI should allow RAN to identify the appropriate scope of design to support the prioritized use cases.
5. Conclusions

Observation 1: Sidelink positioning supports relative positioning, with several key and important advantages.

Observation 2: Uplink/downlink positioning may not be able to support relative positioning of certain use cases, e.g. due to reduced network coverage and not meeting the requirements necessary for relative positioning.

Observation 3: Sidelink positioning can be used to support the relative positioning of several use cases.

Proposal 1: Establish a RAN-level study item in NR Rel. 17 to identify the content of priority use cases for RAN-level design, together with their extended requirements for relative positioning, including accuracy, latency, and availability. The SI should allow RAN to identify the appropriate scope of design to support the prioritized use cases.
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