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1. Introduction
A RAN level study item was approved in [1] with the objectives of identifying the requirements and deployment/operation scenarios for V2X and public safety use cases. A number of 3GPP specifications have specified positioning requirements and also 3GPP RAN received input from some organizations representing these verticals [2, 3].
This contribution summarizes the positioning requirements for V2X and public safety use cases based on these available sources. A pCR is submitted in [7] to capture these findings in TR 38.845.

2. Discussion
Both absolute and relative positioning have been considered in describing the positioning requirements. TS 22.261 uses this terminology with the following definition for the relative positioning; “relative positioning: relative positioning is to estimate position relatively to other network elements or relatively to other UEs” [4]. This definition of relative positioning is in line with the positioning information type “distance and/or angle to a reference point” in [3]. Another type of positioning information in [3], “3D coordinates (e.g. latitude and longitude, potentially also elevation, or cartesian x,y,z)” can be considered as the absolute positioning.
In order to incorporate the positioning requirements, both absolute and relative positioning types need to be defined. The following is proposed as their definition, reusing the definition for the relative positioning in [4]:
absolute positioning: absolute positioning is to estimate 3D coordinates of a UE, e.g., latitude, longitude, elevation, or its location in a Cartesian coordinates system
relative positioning: relative positioning is to estimate position relatively to other network elements or relatively to other UEs

2.1. V2X
In 3GPP, V2X positioning requirements can be found in [4, 5]. TS for “Service requirements for the 5G system” [4] specifies the high accuracy positioning requirements in Clause 7.3.2.2 for various positioning services with a note “The requirements do not preclude any type of UE, including specific UE such as for example V2X, MTC.” In particular, the services levels 2, 3, and 5 in Table 7.3.2.2-1 (copied below) explicitly mention vehicles and roads, and therefore they can be considered as a set of V2X positioning requirements. These three services levels are for the absolute positioning with the horizontal accuracy 0.3 – 3 meters, the vertical accuracy 2 – 3 meters, the positioning service availability 99%, and the positioning service latency 1 second. This is in line with the road use case requirements captured in Table B.1-1 in [4]. It is also noted that the other service levels in Table 7.3.2.2-1 are still applicable to V2X use cases as the UE velocity considered in them is up to 30 – 250 km/h which is in the range of vehicle speed.

Table 7.3.2.2-1 Performance requirements for Horizontal and Vertical positioning service levels [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 other (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).




Table B.1-1 Typical needs to support example use cases from vertical industries [4].
	Use cases
	Description
	Main KPIs range and drivers

	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)



TS for “Enhancement of 3GPP support for V2X scenarios” [5] specifies the relative positioning requirements for V2X use cases as follows:
	In Clause 5.1 General Requirements
[R.5.1-007] The 3GPP system shall support relative lateral position accuracy of 0.1 m between UEs supporting V2X application.

In Clause 5.2 Requirements to support Vehicles Platooning
[R.5.2-003] The 3GPP system shall support relative longitudinal position accuracy of less than 0.5 m for UEs supporting V2X application for platooning in proximity.



TR 22.872 “Study on positioning use cases” also contains some V2X use cases in Clause 5.5 Road-related use cases, and the numbers in the requirements parts are not confirmed while they are generally covered by the requirements in the other references. So this part can be skipped in this discussion.

The LS from 5GAA [3] includes the positioning requirements of various V2X use cases. It can be found that different use cases require different positioning accuracy. Also, it is mentioned that different V2X use cases have different requirements on the positioning information, i.e., absolute and relative positioning. In terms of the positioning accuracy, the LS provides three main groups as follows [3]:
	1) Relatively lax, 10s of meters with 1 sigma (information provisioning)
2) Lane level accuracy, 1.5 m with 3 sigma (e.g. day1 safety use cases)
3) Below meter level accuracy, e.g. 0.1 m with 3 sigma (e.g. automated driving or teleoperated driving)


Group 1 means quite relaxed positioning accuracy requirement and is aligned with the service level 1 in Table 7.3.2.2-1 [4]. Group 2 means the lane level accuracy and can be considered to be included in the accuracy requirement of 1 – 3 meters as in the road use case in Table B.1-1 and the service level 2, 3, 4 in Table 7.3.2.2-1 [4]. Group 3 is the highest positioning accuracy requirement and is a part of the service levels 5, 6, 7 in Table 7.3.2.2-1 [4] and “with <1m across-track for lane detection” in Table B.1-1 [4]. The relative positioning requirements in [5] are also in line with Group 3 in terms of the required accuracy.

LS from SAE [2] does not contain numerical requirements for the positioning accuracy, so this input can be skipped in this discussion.

Considering the discussion above, it is proposed to capture in TR 38.845 that the V2X positioning requirements, including the positioning type as well as the accuracy/availability/latency requirements, vary depending on the detailed use case. The range of each performance metric can be captured as the summary and the three groups similar to [3] can be used to with the categorization based on the horizontal accuracy requirements. The following is an example of such a summary table:

	Positioning requirement group
	Horizontal accuracy 
	Vertical accuracy
	Positioning service availability
	Positioning service latency
	Source

	V2X Group 1
	10 – 50 m with 68 – 95 % confidence level
	3 m with 95 % confidence level
	95 %
	1 s
	Group 1 in [3], service level 1 in [4]

	V2X Group 2
	1 – 3 m with 95 – 99 % confidence level
	2 – 3 m with 95 % confidence level
	99 – 99.9 %
	15 ms – 1 s
	Group 2 in [3], service level 2, 3, 4 in [4]

	V2X Group 3
	0.1 – 0.5 m with 95 – 99 % confidence level
	0.2 – 2 m with 95 % confidence level
	99 – 99.9 %
	10 ms – 1 s
	Group 3 in [3], service level 5, 6, 7 in [4], requirements in [5]


In addition, it is proposed to capture the original requirements in the appendix of TR 38.845.

2.2. Public safety
TS 22.261 also includes the positioning requirements for the public safety in Table B.1-1 as follows [4]:

Table B.1-1 Typical needs to support example use cases from vertical industries [4].
	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: MCX, confidence, event-triggered report



TR 22.872 “Study on positioning use cases” also contains some emergency use cases in Clause 5.4 Emergency and Mission Critical related use cases, and the numbers in the requirements parts are not confirmed while they are generally covered by the requirements in [4]. So this part can be skipped in this discussion.

TS 22.280 “Mission Critical Services Common Requirements (MCCoRe)” [6] specifies some qualitative positioning requirements for public safety as follows: It needs to be noted that public safety requirements also include relative positioning as defined [R-7.8-002].
	In Clause 5.11 Location
[R-5.11-001] The MCX Service shall support obtaining and conveying Location information describing the position of the MCX UE.
[R-5.11-002] The MCX Service should support obtaining and conveying high accuracy Location information describing the position of the MCX UE.
[R-5.11-002a] The MCX Service shall be able to provide a mechanism for obtaining high accuracy Location information by integrating position information from multiple external sources (e.g. magnetometers, orientation sensors, GNSS) 
[R-5.11-003] The MCX Service shall provide for the flexibility to convey future formats of Location information.
[R-5.11-004] The MCX Service shall provide a means for MCX Service Administrators to manage the privacy of Location information for MCX Users within their authority.
[R-5.11-005] An authorized MCX User shall be able to control the supplying of Location information by the MCX UE for MCX Service communications.
[R-5.11-006] The conveyed Location information shall be the most recently obtained information about the position of the MCX UE at the time of the Location information conveyance.
[R-5.11-007] The MCX Service shall be capable of configuring and re-configuring one or more Location information update triggers (i.e., identified conditions that, when satisfied, cause the MCX UE to report its current Location information).
[R-5.11-008] The MCX Service shall be able to modify Location information update triggers of an MCX User while the MCX User is on the network.
[R-5.11-009] The MCX Service shall provide a means for an MCX UE to send a Location information update whenever a trigger condition is satisfied (e.g., initial registration, distance travelled, elapsed time, cell change, tracking area change, PLMN change, MCX Service communication initiation).
[R-5.11-010] The MCX Service shall provide a means for an MCX UE to send a Location information update whenever the MCX User initiates an MCX Service Emergency Alert.
[R-5.11-011] The MCX Service shall provide a means for an MCX UE to send a Location information update whenever the MCX User initiates an MCX Service Emergency Group Communication.
[R-5.11-012] The MCX Service shall provide a means for an MCX UE to send a Location information update if the MCX User is in an MCX Service Emergency State and a configured amount of time has passed since the previous location information update.
[R-5.11-013] The MCX Service shall provide a means for an MCX UE to send a Location information update whenever a trigger condition is satisfied while the MCX User is in MCX Service Emergency State (e.g., initial registration, distance travelled, elapsed time, cell change, tracking area change, PLMN change, MCX Service communication initiation).
NOTE 1:	The Location information update triggers for an MCX User in an MCX Service Emergency State might be different than the Location information update triggers used when the MCX User is not in an MCX Service Emergency State.
[R-5.11-014] The MCX Service shall provide a means for an MCX Service Administrator to define geographical areas to be used for Location information update triggers for MCX Users within their authority.
[R-5.11-015] The MCX Service shall provide a means for an MCX UE in a predefined area to send a Location information update whenever a trigger condition configured in an MCX User's active MCX Service User Profile is satisfied (e.g., initial registration, distance travelled, elapsed time, cell change, tracking area change, PLMN change, MCX Service communication initiation).
NOTE 2:	The Location information update triggers for an MCX User in a predefined area might be different than the Location information update triggers used when the MCX User is not in a predefined area.

In Clause 6.12 Location
[R-6.12-001] The MCX Service shall provide Location information of the transmitting MCX UE to receiving MCX UEs subject to privacy restrictions.
[R-6.12-002] The MCX Service shall support conveyance of Location information provided by 3GPP location services.
[R-6.12-003] The MCX Service shall provide a means for an authorized MCX User to restrict the dissemination of his Location information.
[R-6.12-004] The MCX Service shall provide end-to-end confidentiality of Location information.
[R-6.12-005] The MCX Service shall provide authentication of messages carrying Location information.
[R-6.12-006] The MCX Service shall provide a means for an authorized MCX User to activate a one-time Location information report of an MCX User and periodic Location information update reports of an MCX User or a specific Functional Alias.
[R-6.12-007] The MCX Service shall provide a means for an authorized MCX User to deactivate periodic Location information update report of an MCX User.

In Clause 7.8 Location
[R-7.8-001] An MCX UE shall be capable of transmitting its Location, if known, to other MCX UEs when operating off the network, subject to privacy restrictions.
[R-7.8-002] An MCX UE shall be capable of providing a mechanism for obtaining the distance between the MCX UE and other MCX UEs within communication range.
[R-7.8-003] The Off-Network MCX Service shall provide a means for an authorized MCX User to activate a one-time Location information report of a particular target MCX User within communication range.



Similarly to the V2X use case discussed above, it is proposed to capture the public safety positioning requirement based on Table B.1-1 [4] with the focus on the numerical requirements. Other requirements can be captured in the appendix of the TR.

3. Conclusion
This document identified and summarized the V2X and public safety positioning requirements that can be found in 3GPP specifications and input from the industry forum. It is proposed to adopt the pCR in [7] in order to capture these requirements in TR 38.845.
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