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[bookmark: _Toc32744954][bookmark: _Toc48211438]Introduction
In RAN#88e, a new RAN SI was approved [1] for identifying the requirements and deployment/operation scenarios for V2X and public safety use cases. The 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 

[bookmark: _Toc511230715][bookmark: _Toc511230578]In this contribution, we present our initial views for the use cases and requirements for V2X positioning.

[bookmark: _Toc48211439]Discussion
Template for use cases of V2X positioning
For the description of the use cases of V2X positioning, one may need to consider the relationship between use cases, use cases scenarios, network coverage, and road environments:
· Use Cases: the high-level abstraction of executing an application in a particular situation with a specific purpose. A use case may entail several specific scenarios involving the described functionality
· Use case scenarios: a sequence of steps describing an interaction between a user and a system. Given a use case, different specific use case scenarios can be derived for different situations that may imply different specific requirements.
· Network coverage: in-coverage, partial coverage, and out-of-coverage. Each use case should be mapped to at least one network coverage, while the latter can be associated with one or more use cases.
· Road environments: the typical places where vehicle traffic and V2X use cases occur, such as intersections, urban and rural streets, high-speed roads (Autobahn), parking lots, etc. Each use case should be mapped to at least one road environment, while the latter can be associated with one or more use cases.

There can be many use cases for V2X positioning [2][3][4]. For this SI, we suggest using a template to describe the use cases for V2X positioning similar to [2]. Using a template allows a more detailed description of the use cases to support the derivation of the V2X positioning requirements. The template remains as abstract as possible relative to the specific implementation and architecture of the overlaying cellular system but defines specific roles for the different actors, the applicable network coverage and road environment, and the specific use case scenario. The UC descriptions are written from the vehicle perspective and strive to be positioning solution agnostic and applicable to both human-driven and autonomous vehicles.
[bookmark: p1]Proposal 1: Consider using a template for defining the use cases of V2X positioning for this SI. 
In [2], 5GAA has developed a template for C-V2X use cases. For this SI, we may need to include all of the fields shown in that template. In the following, we propose to use a simplified template shown in Table 1.
[bookmark: p2]Proposal 2: Consider using the template shown in the following table for defining the use cases of V2X positioning. 
Table 1 A template for the use cases of V2X positioning
	Fields 
	Description 

	Use case name 
	Name and abbreviation of the use case if existing 

	Short description  
	Short description of the use case  

	Use case scenario 
	One or more use case scenarios for the use case. 

	Category 
	The category that the use case belongs to, e.g., Autonomous driving | Platooning

	Road environment 
	Intersection | Urban | Rural | Highway | Other 

	Actors 
	UEs (vehicles), network (gNBs, LMF, …)

	Geographic scope
(Network coverage)
	Geographic areas where the use case is applicable (e.g., in-coverage, partial coverage, or out-of-coverage) 

	Information 
requirements
	The high-level description of information exchanged among involved actors, especially V2X positioning-related information 

	UE’s roles 
	UE’s roles in the use case

	network’s roles
	network’s roles in the use case

	Illustrations (optional)
	Pictorial information exemplifying the use case and showing the role of the different actors. 

	Others (optional)

	Other fields commonly used for V2X use cases may also be included if they are needed for defining the positioning requirements, e.g.,
· Pre-conditions: necessary capability of the different actors to ensure the realization of the use case.
· Road & roadside infrastructure roles: Role of the road and traffic infrastructure (e.g., traffic signs, lights, ramps, etc.). 
· Main event flow: The flow of events from the moment the use cases are triggered to the moment the use case closes. Includes the trigger point to enter and to exit the use case (i.e., who and what).



Categories of use cases for V2X positioning
Different use cases of V2X positioning may have different performance requirements for in-coverage, partial coverage, and out of coverage environments. Use cases for V2X positioning may be defined in the following groups for supporting the following areas:
· Vehicles Platooning enables the vehicles to dynamically form a group traveling together. All the vehicles in the platoon receive periodic data from the leading vehicle, to carry on platoon operations. This information allows the distance between vehicles to become extremely small, i.e., the gap distance translated to time can be very low (sub-second). Platooning applications may allow the vehicles following to be autonomously driven. 
· Advanced Driving enables semi-automated or fully-automated driving. Longer inter-vehicle distance is assumed. Each vehicle and/or RSU shares data obtained from its local sensors with vehicles in proximity, thus allowing vehicles to coordinate their trajectories or maneuvers. In addition, each vehicle shares its driving intention with vehicles in proximity. The benefits of this use case group are safer traveling, collision avoidance, and improved traffic efficiency.
· Cooperative Maneuver enables the vehicles to interact with other vehicles for cooperative decisions, sharing local awareness and driving intentions, negotiating the planned trajectories, e.g., lane merge coordination, connected vehicles make room for an entering vehicle, etc.
· Extended Sensors enable the exchange of raw or processed data gathered through local sensors or live video data among vehicles, RSUs, devices of pedestrians, and V2X application servers. The vehicles can enhance the perception of their environment beyond what their own sensors can detect and have a more holistic view of the local situation.
· Remote Driving enables a remote driver or a V2X application to operate a remote vehicle for those passengers who cannot drive themselves or a remote vehicle located in dangerous environments, it includes the remote control of the different actuators of the car (steering wheel, brake, etc.) 
· Vehicle quality of service support enables a V2X application to be timely notified of expected or estimated change of quality of service before the actual change occurs and to enable the 3GPP System to modify the quality of service in line with V2X application’s quality of service needs. Based on the quality of service information, the V2X application can adapt behavior to 3GPP System’s conditions. The benefits of this use case group are offerings of smoother user experience of service.
· Cooperative Safety enables a V2X application to exchange information for safety, e.g., the detection of the presence of road users, VRU (vulnerable road users) protection, etc.

Also, we may need to provide the positioning performance requirements expected for all levels of automation[4]. A relevant aspect of advanced V2X applications is the Level of Automation (LoA), which reflects the functional aspects of the technology and affects the system performance requirements. 
[bookmark: p3]Proposal 3: The use cases of V2X positioning should be defined with the consideration of the following application areas: 
· Vehicles Platooning
· Advanced Driving
· Cooperative Maneuver
· Extended Sensors
· Remote Driving 
· V2X QoS support
· Cooperative Safety

Requirements for V2X positioning
The positioning requirements for V2X use cases should be defined in a technology and implementation agnostic way. The positioning requirements for V2X use cases should be defined at least with the consideration of the absolute and relative position-related data. Additionally, the velocity-related and orientation-related information should also be considered. The positioning accuracy (including position, velocity, and orientation) should be associated with a certain confidence level (e.g., 95%). The positioning latency, availability, and reliability should also be considered in the V2X positioning requirements. Furthermore, the requirements for V2X positioning should be defined in compliance with regulatory requirements. For some use cases, we may also need to consider the requirements for the update rate of the position-related data for V2X use cases. For integrity key performance indicators (KPIs) should also be considered for supporting the driving safety.
The list of proposed service level requirements is provided in the following.
[bookmark: p4]Proposal 4: The positioning requirements for V2X positioning for different use cases should be defined in a technology and implementation agnostic way with the consideration of the following:
· Absolute (geographic) positioning accuracy, associated with the confidence level (e.g., 95%, 99%) and availability (e.g., 99%)
· Relative (longitudinal/lateral) positioning accuracy, associated with the confidence level (e.g., 95%, 99%) and availability (e.g., 99%)
· Absolute/relative velocity accuracy, associated with the confidence level (e.g., 95%, 99%) and availability (e.g., 99%)
· Absolute/relative orientation accuracy, associated with the confidence level (e.g., 95%, 99%) and availability (e.g., 99%)
· End-to-end positioning latency: the time from the occurrence of the event of triggering the positioning request for an end-user to the time when the positioning result is available to the end-user
· The update rate for positioning information
· Integrity KPIs, including at least Alert Limit (AL), Time-to-Alert TTA), and Target Integrity Risk (TIR)

Summary
In this contribution, we present our initial views for the positioning use cases and requirements for V2X.
Proposal 1: Consider using a template for defining the use cases of V2X positioning for this SI. 
Proposal 2: Consider using the template shown in the following table for defining the use cases of V2X positioning. 
Table 1 A template for the use cases of V2X positioning
	Fields 
	Description 

	Use case name 
	Name and abbreviation of the use case if existing 

	Short description  
	Short description of the use case  

	Use case scenario 
	One or more use case scenarios for the use case. 

	Category 
	The category that the use case belongs to, e.g., Autonomous driving | Platooning

	Road environment 
	Intersection | Urban | Rural | Highway | Other 

	Actors 
	UEs (vehicles), network (gNBs, LMF, …)

	Geographic scope
(Network coverage)
	Geographic areas where the use case is applicable (e.g., in-coverage, partial coverage, or out-of-coverage) 

	Information 
requirements
	The high-level description of information exchanged among involved actors, especially V2X positioning-related information 

	UE’s roles 
	UE’s roles in the use case

	network’s roles
	network’s roles in the use case

	Illustrations (optional)
	Pictorial information exemplifying the use case and showing the role of the different actors. 

	Others (optional)

	Other fields commonly used for V2X use cases may also be included if they are needed for defining the positioning requirements, e.g.,
· Pre-conditions: necessary capability of the different actors to ensure the realization of the use case.
· Road & roadside infrastructure roles: Role of the road and traffic infrastructure (e.g., traffic signs, lights, ramps, etc.). 
· Main event flow: The flow of events from the moment the use cases are triggered to the moment the use case closes. Includes the trigger point to enter and to exit the use case (i.e., who and what).


 
[bookmark: _GoBack]Proposal 3: The use cases of V2X positioning should be defined with the consideration of the following application areas: 
· Vehicles Platooning
· Advanced Driving
· Cooperative Maneuver
· Extended Sensors
· Remote Driving 
· V2X QoS support
· Cooperative Safety

Proposal 4: The positioning requirements for V2X positioning for different use cases should be defined in a technology and implementation agnostic way with the consideration of the following:
· Absolute (geographic) positioning accuracy, associated with the confidence level (e.g., 95%, 99%) and availability (e.g., 99%)
· Relative (longitudinal/lateral) positioning accuracy, associated with the confidence level (e.g., 95%, 99%) and availability (e.g., 99%)
· Absolute/relative velocity accuracy, associated with the confidence level (e.g., 95%, 99%) and availability (e.g., 99%)
· Absolute/relative orientation accuracy, associated with the confidence level (e.g., 95%, 99%) and availability (e.g., 99%)
· End-to-end positioning latency: the time from the occurrence of the event of triggering the positioning request for an end-user to the time when the positioning result is available to the end-user
· The update rate for positioning information
· Integrity KPIs, including at least Alert Limit (AL), Time-to-Alert TTA), and Target Integrity Risk (TIR)
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Appendix: Examples of the use cases and requirements for C-V2X positioning
An example use case for V2X positioning
In this section, we provide an example of the use case of V2X positioning for Cross-Traffic Left-Turn Assist [2]. 
Table 2 An example of the use case for V2X positioning
	Fields 
	Description 

	Use case name 
	Cross-Traffic Left-Turn Assist

	Short description  
	Alerts host vehicle attempting to turn left across the traffic of other vehicles approaching from the opposite direction

	Use case scenario 
	Assist a vehicle attempting to turn left across traffic approaching from the opposite, left, or right direction

	Category 
	Autonomous Driving, Safety

	Road environment 
	Intersection

	Actors 
	Network, host vehicle (host UE), remote vehicles (remote UEs)

	Geographic scope
(Network coverage)
	in-coverage and partial coverage, and out-of-coverage

	Information 
requirements
	V2X positioning-related information (the position, velocity, moving directions of the host UE and remote UEs, etc.)
other information (e.g., traffic stop signs, traffic light signal phase and timing, intersection geometry, traffic rules and laws for 3-way stops, 4-way stops, and unsigned intersections, etc.)

	UE’s roles 
	Provide the measurements for network-based DL positioning;
Provide the measurements and calculate the UE position for UE-based DL positioning;
…

	Network roles
	Provide the assistance data for UE- based positioning DL positioning;
Provide the measurements and calculate the UE position for network-based DL positioning
…

	Illustrations (copied from [2])
	




An example of the requirements for V2X positioning
In this section, we provide an example of the requirements of V2X positioning for the use case of Cross-Traffic Left-Turn Assist (The numbers in the table are all exemplary and subject to further discussion).
Table 3 An example of the requirements of V2X positioning
	Fields 
	Description 

	Use case name 
	Cross-Traffic Left-Turn Assist

	Absolute position
	accuracy
	[0.5m]

	
	confidence level
	[99%]

	
	availability
	[99.9%]

	Relative position
	accuracy
	relative lateral position [0.1m]
relative longitudinal position [0.5m]

	
	confidence level
	[99%]

	
	availability
	[99.9%]

	velocity 
	accuracy
	[0.1m]

	
	confidence level
	[99%]

	
	availability
	[99.9%]

	TTFF positioning latency
	[100ms]

	Positioning update rate
	[50/second]

	Integrity
	Alert Limit
	[0.5m]

	
	Time-to-Alert
	[0.5s]

	
	Target Integrity Risk
	[0.01%]
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