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1. Introduction

The study on scenarios and requirements of in-coverage, partial coverage, and out-of-coverage NR positioning use cases for Rel-17 was agreed in RAN#88 [1]. The objectives of the study item are listed below:
	This study item includes the following objectives for positioning use cases, requirements, and scenarios for the UE in in-coverage, partial coverage, and out-of-coverage as per the network coverage definition in the current specifications:
1. Identify the positioning use cases and requirements for V2X and public safety, based on the existing 3GPP work and input from industry fora.
2. Identify potential deployment and operation scenarios 
Note: Studying the feasibility of the identified requirements is not in the scope of this SI.
Note: The work in this SI shall take into account the outcomes and progresses of NR positioning study in both Rel-16 and Rel-17.
Note: Work plan

· RAN#91: TR skeleton, initial input on Objective 1

· RAN#92: Finalize Objective 1, initial input on Objective 2

· RAN#93: Finalize Objective 2, approve the TR (SI target completion)



In this contribution, we first discuss use cases and positioning requirements. Afterwards, we discuss deployment and operation scenarios of the positioning use cases.
2. Positioning use cases and requirements 

For the realization of several V2X and public safety (PS) use cases, positioning is crucial. Depending on the V2X use case, the positioning requirement(s) of a vehicle can be on [2]
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 \* MERGEFORMAT [3]:
· Its latitude/longitude coordinates (potentially also elevation); and/or 
· The distance and angle to other traffic participant(s). 
A requirement on the latitude/longitude coordinates is usually referred to as a requirement on the absolute position. A requirement on distance and angle to other traffic participant is usually referred to as a requirement on the relative position. V2X and PS use cases can have different accuracies for the positioning requirements [2]
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 \* MERGEFORMAT [4]. As indicated in the LS from 5GAA [2] with the accompanying TRs [5]
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[6], 5GAA has summarized the positioning requirements of V2X use cases into three main groups:
1. Relatively lax requirements with positioning accuracies in the order of tens of meters, e.g. < 30 meters;
2. Lane-level requirements with positioning accuracies < 1.5 meters;
3. Sub-meter level requirements with positioning accuracies, e.g. < 0.2 meter. 
Based on this grouping, V2X use cases with relatively lax requirements include information provisioning services like traffic jam warning, software updates and high definition content delivery. Vehicles in such use cases share the common need to know only in which region a vehicle is located or its approximate position on a street/road [5]
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[6], e.g. on the horizontal plane. V2X use cases with lane-level requirements include safety use cases like emergency brake warning and cooperative lane change. Vehicles in such use cases share the common need to avoid/prevent a collision with another vehicle [5]
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[6]. The lane level accuracy is 1.5 m, which corresponds to the typical accuracy to locate a vehicle in the lateral dimension (see Figure 1) to within a lane [5]. Other V2X use cases with a similar level of positioning requirements include the proof of localization in automated valet parking, where a relative positioning accuracy between a barrier and the vehicle is required, and after authentication the barrier opens for autonomous parking of the vehicle. V2X use cases with sub-meter level requirements include tele-operated driving and cooperative maneuvers like lane merge and for autonomous driving in emergency situations. Vehicles in such use cases share the common need to navigate around obstacles or to avoid a collision with a vehicle or an object during unforeseen situations [5]
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[6], e.g. on the horizontal plane. Other V2X use cases with sub-meter accuracy requirements include platooning, which requires precise lateral alignment ( < 0.5 m) of vehicles in a platoon (i.e. in the lateral dimension), and the ‘group start’ application where vehicles form a group to start jointly at traffic lights, where a high accuracy (< 0.2 m) is needed to maintain a low inter-vehicle distance [5]
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[6], i.e. in the longitudinal dimension (see Figure 1).
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Figure 1: Lateral dimension and longitudinal dimension
Furthermore, relative positioning requirements set by SA1 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 dimension result from diverse requirements of several V2X applications in both dimensions. The relative lateral requirement allows a vehicle to avoid collisions with another vehicle during several V2X maneuvers, e.g. for cooperative collision avoidance. For platooning in V2X, the relative lateral and longitudinal requirements are to ensure that the vehicles in a platoon are at the correct distance apart (for fuel efficiency) and aligned on the highway.
Different use cases may have different confidence levels for which the positioning requirements need to be met. In the LS from 5GAA [2] and the accompanying TRs [5]
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[6], 5GAA has also provided the confidence level. For the three groups of positioning requirements of V2X use cases given in [2], the confidence level corresponds to 1 sigma (68.3%) for the relatively lax requirements (tens of meters) and 3 sigma (99.7%) for the lane-level and sub-meter level requirements.

Observation 1: Due to having common needs, several positioning use cases share the same or similar set of requirements on positioning performance.

Emergency calls and 1st responders are among the PS use cases. The positioning requirements of these PS use cases are provided in Table 1 taken from TS 22.261 [4]. In the emergency calls use case, the UE placing an emergency call needs to be located, in order to provide the caller’s position to the dispatchers attending the emergency. The positioning requirements given by TS 22.261 for the emergency calls include [4]:
· Horizontal accuracy < 50 m;
· Vertical accuracy < 3 m.

where the horizontal accuracy (in the order of tens of meters) provides a rough estimate of the UE’s position in the horizontal dimension, e.g. the building where the UE is located, while a more precise vertical accuracy (in the height dimension) is used to distinguish among different floors indoors [4], e.g. the floor of the building on which the UE is located.
Table 1. Excerpt from TS 22.261 Table B.1-1 “Typical needs to support example use cases from vertical industries”

[4]
	Use cases
	Description
	Main KPIs range and drivers

	Emergency calls
	Regulatory use cases related to emergency call from Human-type UE, US FCC’s e911 being a typical example
	Service area is both indoor and outdoor in the entire 5G service area. 

Accuracy: < 50 m horizontal, < 3m vertical

Availability up to 95 %

Other KPI drivers include: Reliability and confidence level

	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: MCX, confidence, event-triggered report

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




Another important PS use case is 1st responders, which corresponds to the tracking and guidance of e.g. firefighters and evacuation teams, attending an emergency in an outdoor or indoor scenario. The positioning requirements for the PS use case of 1st responders include:

· Horizontal accuracy < 1 m;
· Vertical accuracy < 2 m; 
· Relative vertical accuracy < 0.3 m,
with a sub-meter accuracy in the horizontal dimension and the vertical accuracy enabling floor detection in an indoor scenario. The horizontal and vertical requirements allow for an accurate tracking of 1st responders in mission critical operations. The relative vertical accuracy in this use case is used to detect precise changes in the height of the UE holder. This enables detection of a ‘man-down’ condition, e.g. when a firefighter collapses on the floor due to prolonged heat and smoke exposure [7]. After such a condition is detected, other nearby 1st responders can be notified to assist the fallen 1st responder. The horizontal and vertical requirements also allow other 1st responders to accurately locate an incapacitated 1st responder [7]. 
Observation 2: Positioning requirements in V2X and PS use cases can vary across different dimensions (lateral/longitudinal, horizontal/vertical), e.g.:
· Lateral, longitudinal or horizontal positioning requirements for V2X use cases,
· Horizontal and vertical positioning requirements for PS use cases.

Requirements on the latitude/longitude coordinates (i.e. requirements on the absolute position) and requirements on the distance and angle to another participant (i.e. requirements on the relative position) have different reference frames/points. In the former, the reference frame can be global like the International Terrestrial Reference Frame (ITRF) or common across a wide area like with respect to the positioning/network infrastructure. For V2X use cases like tele-operated driving, the positioning requirement is on the absolute position, in order for a remote driver to navigate a vehicle to its destination. For the traffic jam warning in V2X, the positioning requirement is also on the absolute position, i.e. for a vehicle to know if a traffic jam is on its planned route. Similarly the positioning requirements for the emergency calls PS use case is also on the absolute position, to despatch the emergency team to the UE’s location. For tracking the route of a firefighter or other 1st responder, the positioning requirement in the PS use case can be on the absolute position.
For a requirement on the distance and angle to another participant (i.e. requirement on the relative position), the reference frame/point is the other participant. The main purposes of the relative position requirements in coordinated V2X maneuvers like overtaking and lane merging are to avoid collisions with a nearby vehicle during a maneuver as shown in Figure 2.
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Figure 2: Example coordinated maneuvers, (a) overtaking (lane change), (b) platooning, (c) lane merging

For platooning in V2X, the relative position requirements enable guaranteeing the inter-vehicle distance between adjacent platoon members and to align the members of the platoon. For the relative position requirements of a vehicle in the above V2X applications, the reference point for the relative position requirement is another vehicle. In such cases, the positioning requirement does not depend on the area where the vehicles are located, i.e. it is independent of the absolute position of the vehicles. The positioning requirements of V2X use cases involving collision avoidance with an object (e.g. vehicle or VRU) can be interpreted as positioning requirements on the relative position with respect to the object. Other V2X use cases which have a positioning requirement on the relative position include the proof of localization in automated valet parking, where the relative position of the vehicle with respect to the barrier is required [6]. For the emergency brake warning in V2X, a vehicle needs to know whether a hard-braking vehicle in front is in the same lane or not [5], i.e. the positioning requirement is on the relative lateral dimension with respect to the braking vehicle. The positioning requirement in the PS use case of 1st responders where a 1st responder needs to accurately locate another 1st responder, e.g. in a ‘man down’ condition, can also be interpreted to be on the relative position with respect to another 1st responder [7]. 
Observation 3: V2X and PS use cases can have different reference points/frames for the positioning requirement:

· Some use cases have a positioning requirement on the absolute position, 
· Other use cases have a positioning requirement on the relative position to another UE.
Some use cases may only have a requirement on the distance and angle of a UE to another participant, i.e. a requirement on the relative position, e.g. in the emergency brake warning in V2X or for locating a fallen 1st responder in PS. To meet the positioning requirement in such use cases, the latitude/longitude coordinates, i.e. absolute position, of the UE and/or of the other participant are not needed. In such use cases, the distance and angle of a UE to another participant is required at the UE and not at another device or entity which is not involved in the use case, e.g. the positioning information is not required at the network. For cooperative V2X maneuvers involving collision avoidance like lane change warning, the vehicle performing the maneuver needs to know the relative position to nearby vehicles to avoid a collision. In the emergency brake warning in V2X, the positioning information is required at the vehicle behind the hard-braking vehicle. For locating an incapacitated 1st responder in PS, the positioning information is required at the searching 1st responder.
Observation 4: For some use cases, the positioning information is only required to be known at another UE, e.g. for collision avoidance by that UE.

For a proper operation, some use cases require to be in network coverage. Some V2X use cases like software updates and HD content delivery require the vehicle to be within the coverage of the network service provider, e.g. according to 5GAA [5]
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[6]. Tele-operated driving and certain levels of autonomous driving also require network coverage. 

On the other hand, other use cases do not require network coverage operation. Such use cases need to operate independent of the network coverage, i.e. they can operate in network coverage, in partial network coverage or out of network coverage. The operation of V2X use cases involving collision avoidance like emergency brake warning and cooperative maneuvers such as lane change warning do not rely on network coverage. Several V2X and PS use cases need to be supported in different network coverage situations. 5GAA and SAE have also identified that some advanced V2X applications need to be supported also in out of coverage scenarios, e.g. tunnels, underground parking lots [2]
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[8]. In addition, the positioning requirements of a use case do not depend on the coverage situation. For V2X safety applications like emergency brake warning, the positioning requirement is the same whether the UE is in network coverage or in a tunnel without network coverage. For PS use cases, mission critical organizations require that mission critical services should operate in service areas in network coverage, as well as in challenging areas with partial network coverage or out of network coverage (e.g. basements, remote outdoors, wildfires) [7]. In PS, the accurate localization of an incapacitated 1st responder should also be supported in partial coverage and out of coverage situations [7].
Observation 5: For a proper operation, use cases have different requirements regarding the network coverage. Some use cases need to meet the positioning requirements independent of the network coverage situation, including partial coverage and out-of-coverage. Other use cases need network coverage for operation.
Table 2 from TS 22.261 [4] specifies positioning requirements for general services of vertical business cases (e.g. V2X, IOT, UAV, for indoor and outdoor). The positioning requirements are provided for different positioning service levels. Each positioning service level can be associated with different use cases of vertical services having similar positioning requirements. As the requirements in Table 2 were set to represent a wide variety of vertical services, they may not be tailored for applicability to V2X and PS use cases. For example, although the horizontal accuracy for the relative position is specified in Table 2, there are no requirements for the relative lateral accuracy and relative longitudinal accuracy (in contrast to [3]), which can be different in V2X applications. 
Table 2. “Performance requirements for horizontal and vertical positioning service levels" of TS 22.261 Table 7.3.3.2-1 [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

	1
	A
	10 m
	3 m
	95 %
	1 s
	Indoor - up to 30 km/h

Outdoor 

(rural and urban) up to 250 km/h


	NA
	Indoor - up to 30 km/h

	2
	A
	3 m
	3 m
	99 %
	1 s
	Outdoor 

(rural and urban) up to 500 km/h for trains and up to 250 km/h for other vehicles
	Outdoor 

(dense urban) up to 60 km/h

Along roads up to 250 km/h and along railways up to 500 km/h
	Indoor - up to 30 km/h

	3
	A
	1 m
	2 m
	99 %
	1 s
	Outdoor 

(rural and urban) up to 500 km/h for trains and up to 250 km/h for other vehicles
	Outdoor 

(dense urban) up to 60 km/h

Along roads up to 250 km/h and along railways up to 500 km/h
	Indoor - up to 30 km/h

	4
	A
	1 m
	2 m
	99,9 %
	15 ms
	NA
	NA
	Indoor - up to 30 km/h

	5
	A
	0,3 m
	2 m
	99 %
	1 s
	Outdoor 

(rural) up to 250 km/h
	Outdoor 

(dense urban) up to 60 km/h

Along roads and along railways up to 250 km/h
	Indoor - up to 30 km/h

	6
	A
	0,3 m
	2 m
	99,9 %
	10 ms
	NA
	Outdoor 

(dense urban) up to 60 km/h
	Indoor - up to 30 km/h

	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).




The positioning service levels listed in Table 2 from TS 22.261 [4] also specify the positioning service latency. 
The positioning service latency is defined in [4] as the time elapsed between the event that triggers the determination of the position-related data and the availability of the position-related data at the system interface. Use cases with similar needs, e.g. collision avoidance in V2X, can have the same latency requirement. As shown in Table 2, use cases with different positioning requirements can have different positioning service latencies. 
Observation 6: Use case with the same positioning service level have the same positioning service latency.
Several use cases share similar positioning requirements (e.g. tens of meters accuracy, lane-level accuracy, sub-meter accuracy), as they have similar needs, e.g. collision avoidance in V2X. Common positioning requirements of different V2X and PS use cases can be captured by following a similar approach as the one in Table 2 from TS 22.261, but with positioning service levels suited for V2X and PS use cases. Some positioning service levels could refer to positioning requirements on the lateral and longitudinal dimensions, while others could refer to positioning requirements on the horizontal and vertical dimensions. Some positioning service levels could refer to positioning requirements on the absolute position, while others could refer to positioning requirements on the relative position. The positioning service level should also indicate the reference point for the relative position, e.g. another UE. The entity, e.g. UE, requiring the positioning information should be captured, as well as the confidence level and latency with which the positioning requirement should be met. The positioning service level should also indicate the coverage requirement, i.e., some groups of use cases need network coverage for operation, while others need to operate independent of the network coverage.
Proposal 1: Capture in the TR common positioning requirements of use cases by defining corresponding positioning service levels. Table 7.3.3.2-1 from TS 22.261 can serve as a starting template/starting point.
Proposal 2: The positioning service level should indicate:

· The dimension of a positioning requirement, i.e. lateral/longitudinal, or horizontal/vertical

· Whether the requirement is on absolute or relative position

· The reference point/frame of a positioning requirement, e.g. another UE
· The entity, e.g. another UE, which requires the positioning information

· The confidence level at which the positioning requirements should be met
· The coverage requirement, i.e. in coverage, partial coverage, out of coverage
· The positioning service latency

Table 3 shows examples of positioning service levels for some V2X and PS use cases, based on a similar format as that of Table 7.3.3.2-1 from TS 22.261. Table 3 also includes the coverage requirement, i.e. in coverage (IC), partial coverage (PC), and out of coverage (OOC). The confidence levels given in the 5GAA TRs [5]
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 \* MERGEFORMAT [6] are 68.3% or 99.7%. The confidence level provided in Table 2 from TS 22.261 is 95%. RAN would need to discuss and decide how to represent the confidence levels in the TR. In the examples of Table 3, we show “x%” to reflect this below each positioning accuracy requirement.
As an example, positioning service level 1 could capture the positioning requirement of several V2X use cases involving tele-operated driving [6]. Such use cases require a high absolute positioning accuracy on the horizontal plane for navigating around or between objects [6]. These use cases require network coverage for operation. The positioning information for tele-operated driving is required at the remote driver. Although the positioning service latency of V2X use cases is not provided in [5]
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 \* MERGEFORMAT [6], the latency for these use cases can depend on the reaction time of the remote driver. The reaction time depends on the vehicle’s speed and the required positioning accuracy, such that at 40 km/h, e.g. around 11 m/s, with a 0.1 m required accuracy, the latency could be around 9 ms.
As another example, positioning service level 2 captures the relative positioning requirements for platooning, considering the required accuracy in both the lateral dimension and longitudinal dimension from [6] and [3], respectively. For platooning, the relative position information is required at a platoon member where the reference point for the positioning requirement is an adjacent member in the platoon. Lane-level accuracy requirements for use cases like emergency brake warning or lane change warning are included in positioning service level 3. As the main purpose of this requirement is to avoid a collision with another vehicle, e.g. in the same lane (emergency brake warning) or in an adjacent lane (lane change warning) [5], the positioning requirement is on the relative lateral accuracy with respect to the other vehicle. The relative position information in such use cases is required at the vehicle needing to avoid the collision. A positioning requirement in the longitudinal dimension could additionally be considered for such use cases. The use cases with positioning service level 3 need to be supported in different coverage situations. The latency of positioning service level 3 is provided as an example based on the service level latency of the emergency brake warning from [5]. 
The other examples of positioning service levels 4 – 7 in Table 3 are constructed in a similar way as the previous examples. Positioning service levels 4 and 5 capture diverse relatively lax requirements of V2X use cases and illustrate different coverage requirements for such use cases. Positioning service levels 6 and 7 capture diverse positioning requirements of PS use cases.
Table 3. Example of positioning service levels for different groups of V2X and PS use cases
	Positioning service level
	Requirement on Absolute(A) or Relative(R) position
	Dimension

and

Accuracy   

 (% Confidence level)
	Positioning service latency
	Example use cases

(e.g. from 5GAA, SA1)
	Reference point or frame
	Positioning Information required at
	Coverage requirement (e.g. for use cases with the pos. service level)

	
	
	Horizontal Accuracy 
	Vertical Accuracy
	Lateral

 Accuracy 
	Longitudinal Accuracy
	
	
	
	
	

	1
	A
	0.1 m
(x%) 
[6]
	
	
	
	FFS

(e.g. <10 ms, assuming <40 km/h)
	Tele-operated driving (TOD), TOD support, TOD for automated parking)
	Global 

(e.g. network infrastructure)
	Network 

(e.g.

remote driver)
	IC

	2
	R
	
	
	0.5 m
(x%) [6]
	0.5 m
(x%)
[3]
	FFS
	Vehicles Platooning in Steady State
	UE 

(e.g. platoon member)
	UE

(e.g. platoon member)
	IC, PC, OOC

	3
	R
	
	
	1.5 m
(x%) [5]
	
	FFS
(e.g. 120 ms, depending on (relative) speed, safe following distance [5])
	Emergency brake warning, Lane change warning
	UE 

(e.g. another vehicle)
	UE

(e.g. vehicle avoiding collision)
	IC, PC, OOC

	4
	A
	20 m
(x%)

[5]
	
	
	
	2 s 

(e.g. traffic jams do not happen in a very short time [5])
	Traffic jam warning, Route information
	Global

(e.g. network infrastructure)
	UE

(e.g. vehicle receiving info)
	IC, PC, OOC

	5
	A
	30 m
(x%)

[5][6]
	
	
	
	FFS
	Software update, HD content delivery
	Global

(e.g. network infrastructure)
	Network
(e.g. service provider)
	IC

	6
	A,R
	1 m
(x%)
[4]
	2 m
(x%)
[4]
	
	
	100 ms
(tentative value in [7])
	Tracking 1st responder, 
“Man-down” incident
	Global or 

UE (e.g. fallen 1st responder)
	Network or UE
(e.g. command center or 1st  responder)
	IC, PC, OOC

	7
	A
	50 m
(x%)
[4]
	3 m
(x%)
[4]
	
	
	FFS
	Emergency call
	Global

(e.g. network infrastructure)
	Network
(e.g. despatch center)
	IC

	⋯
	⋯
	⋯
	⋯
	⋯
	⋯
	⋯
	⋯
	⋯
	⋯
	⋯


3. Deployment and operation scenarios
Use cases which need to be in network coverage can rely on Uu positioning for meeting the positioning requirements. In areas without network coverage, there may also be no coverage from GNSS, e.g. in tunnels, underground parking lots, remote wildfires [8]. In sheltered outdoor and deep indoor areas without network or GNSS coverage, absolute positioning is challenging [2], and the performance of Uu positioning or GNSS can be limited. Use cases operating in partial network coverage or out of network coverage cannot rely on Uu positioning (or GNSS) to meet a positioning requirement. Positioning requirements of V2X and PS use cases in partial or out of network coverage scenarios would likely not be met with existing cellular-based positioning methods. 

To improve the service availability of advanced V2X applications, when there is neither network nor GNSS coverage, sidelink positioning has been requested by SAE [2], [8]. With sidelink positioning, a position requirement can be met based on sidelink measurements. For a robust operation, guaranteeing the positioning service when the network coverage changes is important for safety critical applications in V2X and PS use cases, e.g. in the transition when a UE goes from being in coverage to partial coverage and then into out of coverage. Besides being beneficial in partial network coverage and out of network coverage, sidelink positioning could also be considered in network coverage. Even if Uu positioning is able to meet a positioning requirement of a V2X or PS use case, sidelink positioning offers several benefits which could make it attractive to be used also in network coverage. 
Consider a V2X application like lane merge, where a UE has to meet a positioning requirement on the distance and angle to another traffic participant in order for the UE to avoid a collision with the other participant. In this case, the relative position of the UE with respect to the other participant could in principle be obtained based on the difference of the latitude/longitude coordinates, i.e. absolute positions, of the UE and of the other participant. However, relative positioning based on absolute positions (e.g. obtained with Uu 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. As a result, Uu positioning for relative positioning introduces several issues: 1) increased latency and signaling; and 2) 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 (e.g. variance) of a relative position is the sum of the estimation errors (e.g. variances) of the absolute position of the two UEs for this case. 
Observation 7: Sidelink positioning offers several benefits which make it attractive to be used in network coverage, partial network coverage and out of network coverage. 
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Figure 3 Relative positioning based on absolute positioning

Sidelink positioning provides also a more natural procedure for supporting positioning requirements on the relative position of a UE with respect to another participant. Sidelink positioning could also be used to complement existing positioning technologies in network coverage. 
Although a positioning requirement is designed independent of the technology used to realize a use case, a requirement that can be met better, or in certain deployments a requirement that can only be met, by a particular technology can be interpreted as a requirement for that technology. A positioning requirement for a use case in partial or out of network coverage, can be interpreted as a requirement for sidelink positioning, due to the lack of coverage for Uu positioning.
For the frequency bands, sidelink positioning should consider both ITS and licensed band. Sidelink positioning can also support different UE types involved in the V2X and PS use cases, e.g. vehicle, VRU, RSU, pedestrian UE.  

4. TR structure

According to the work plan of the study on scenarios and requirements of in-coverage, partial coverage, and out-of-coverage NR positioning use cases, the TR skeleton is to be determined at RAN#91e. 
Proposal 3: The TR skeleton should be based on the following structure:

Section 4: Positioning use cases and requirements
Section 4.1: V2X use cases
Section 4.1.1: Use cases existing within 3GPP
Section 4.1.2: Grouping of use cases provided by 5GAA
Section 4.2: PS use cases
Section 4.2.1: Use cases existing within 3GPP
Section 4.3: Positioning requirements 
4.3.1: Nature of identified requirements
e.g. lateral/longitudinal coordinates, distance/angle to reference point, relative/absolute, …
4.3.2: Positioning service levels
e.g. tabulation of similar requirements from Section 4.3.1 for the use cases 
in Section 4.1 and 4.2.
Section 5: Potential deployment and operation scenarios
Section 6: Conclusions
5. Conclusions
In this paper we have the following observations and proposals:
Observation 1: Due to having common needs, several positioning use cases share the same or similar set of requirements on positioning performance.

Observation 2: Positioning requirements in V2X and PS use cases can vary across different dimensions (lateral/longitudinal, horizontal/vertical), e.g.:

· Lateral, longitudinal or horizontal positioning requirements for V2X use cases,

· Horizontal and vertical positioning requirements for PS use cases.

Observation 3: V2X and PS use cases can have different reference points/frames for the positioning requirement:

· Some use cases have a positioning requirement on the absolute position, 

· Other use cases have a positioning requirement on the relative position to another UE.
Observation 4: For some use cases, the positioning information is only required to be known at another UE, e.g. for collision avoidance by that UE.

Observation 5: For a proper operation, use cases have different requirements regarding the network coverage. Some use cases need to meet the positioning requirements independent of the network coverage situation, including partial coverage and out-of-coverage. Other use cases need network coverage for operation.

Observation 6: Use case with the same positioning service level have the same positioning service latency.

Observation 7: Sidelink positioning offers several benefits which make it attractive to be used in network coverage, partial network coverage and out of network coverage. 
Proposal 1: Capture in the TR common positioning requirements of use cases by defining corresponding positioning service levels. Table 7.3.3.2-1 from TS 22.261 can serve as a starting template/starting point.

Proposal 2: The positioning service level should indicate:

· The dimension of a positioning requirement, i.e. lateral/longitudinal, or horizontal/vertical

· Whether the requirement is on absolute or relative position

· The reference point/frame of a positioning requirement, e.g. another UE
· The entity, e.g. another UE, which requires the positioning information

· The confidence level at which the positioning requirements should be met
· The coverage requirement, i.e. in coverage, partial coverage, out of coverage
· The positioning service latency

Proposal 3: The TR skeleton should be based on the following structure:

Section 4: Positioning use cases and requirements
Section 4.1: V2X use cases
Section 4.1.1: Use cases existing within 3GPP
Section 4.1.2: Grouping of use cases provided by 5GAA

Section 4.2: PS use cases
Section 4.2.1: Use cases existing within 3GPP
Section 4.3: Positioning requirements 
4.3.1: Nature of identified requirements
e.g. lateral/longitudinal coordinates, distance/angle to reference point, relative/absolute, …
4.3.2: Positioning service levels
e.g. tabulation of similar requirements from Section 4.3.1 for the use cases 

in Section 4.1 and 4.2.
Section 5: Potential deployment and operation scenarios
Section 6: Conclusions
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