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The Vulnerable Road User (VRU) use case has been described in [2]. Here, it is outlined that the “Vehicle Going Straight” while a pedestrian is on the road is the highest frequency vehicle to pedestrian crash scenario described in the National Highway Traffic Safety Administration’s “Crash Avoidance Needs and Countermeasure Profiles for Safety Applications Based on Light-Vehicle-to-Pedestrian Communications”  [1].
In this document, we describe additional user stories that highlight the requirements for advanced connectivity. In particular, we describe two user stories that would allow to safeguard VRU in different situations or by different measures. 
Vulnerable Road Users interact with traffic of high speed and mass. When they are involved in an accident, they suffer the most severe consequences in collisions compared to other road users because they cannot protect themselves against the speed and mass of the other party.

Co-operative communications that have the potential to improve the safety of Vulnerable Road Users in relation to vehicles, can become available for VRUs, either as an application on the VRU’s UE or as a dedicated device, which can be integrated in the VRU’s vehicle (bicycle, stroller,  …). 
In the following we concentrate on two user stories: 
Awareness of the presence of VRUs near potentially dangerous situations, and collision risk warning, based on trajectories of the road users.

The elaboration of VRU use cases is complex due to the large variation in VRUs. VRUs include pedestrians, cyclists, a wide range of powered two-wheelers (PTWs). Regarding the interaction and communication between the VRU and the external (vehicle or roadside or network) systems, there are different possibilities for a VRU device (according to [3], reference is cited in the following without add. notes):
· the VRU is not equipped with a device;
· the VRU has a device which can only transmit data (i.e. via broadcast), e.g. a C-ITS transmitter attached to a back-pack or the safety vest of a worker at a road works site
· the VRU has a device which only receives (broadcasted) data;
· the VRU has a device with both transmitting and receiving functionality

The mobile VRU device can be either stand-alone (e.g. a smartphone), a device integrated in the VRU vehicle (bicycle, motorcycle) or a tethered / connected device (sensors in the vehicle, communication using smartphone; attached via cable or connected via Bluetooth/Wi-Fi). 

The low accuracy of the positioning of all involved devices in the vehicles or in the smartphone devices (UE) is one of the challenges that need to be solved. In Europe, the GPS Galileo provides healthy signals 97.33 percent of time with ranging accuracy of around 1 m but it needs to be more precise in order to set the basic precursor criteria for VRU globally [6] . On a global scale, the GNSS accuracy could be improved via correction data provided by the cellular system. For vehicle applications, ETSI TS 101539–1 [4] requires a position accuracy of 1 m. For VRU applications a similar requirement is valid as an upper limit, however a higher accuracy of about 0.5 m is desired, to be able to distinct whether the VRU is in a safe area (on a sidewalk) or not (on the road). 
Use Case Description   
	Use Case Name
	Vulnerable Road User

	User Story
	Alert HV of approaching VRU in the road or crossing an intersection and warn of any risk of collision. 

	Category
	Safety | Vulnerable road use

	Road Environment
	 Intersection | Urban | Rural | Highway | Other

	Short Description 
	Alert HV of approaching VRU in the road or crossing an intersection and warn of any risk of collision.

	Actors
	· Vulnerable Road User (VRU)
· Surveillance cameras at traffic lights/crossings

	Vehicle Roles
	HV represents the vehicle moving forward Host Vehicle (HV) | Other Vehicles roles

	Roadside Infrastructure Roles
	· Roads are defined by their lane designations and geometry.
· Intersections are defined by their crossing designations and geometry.
· Traffic lights and stop signs control right of way traffic flow through an intersection (if available).
· Pedestrian crossings are defined by their designations and geometry.

	Other Actors’ Roles
	VRU represents a pedestrians, bike, eBike, motorbike, skateboard etc. … that is travelling along the road or intends to cross the road.

	Goal
	Avoid collision between HV and VRU.

	Needs
	· HV needs to be aware of VRU on the road and any risk of collision.
· HV needs to be aware of VRU at an intersection and any risk of collision.

	Constraints / Presumptions 
	· Assumptions will be required for the following information:
· HV’s safe stopping distance
· VRU’s trajectory is constant
· extent of scenario application zones

	Geographic Scope
	Global

	Illustrations 
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·  
·  

	Pre-Conditions
	· HV is moving forward.
· Before establishment of LoS, if any
· Known VRU is characterized (bike, pedestrian, motorcycle,…)
· The “In Road” scenario application zone is determined from:
· HV’s location and dynamics
· HV’s safe stopping distance
· lane designations and geometry 
· road conditions (if available)
· The “Intersection” scenario application zone is determined from:
· HV’s location and dynamics
· HV’s safe stopping distance
· intersection geometry
· road conditions (if available)

	Main Event Flow
	· If VRU is in the “On Road” scenario application zone;
· If HV’s trajectory and VRU’s trajectory are on a collision course then
· Warn HV of the risk of collision with the approaching VRU
· Otherwise 
· Caution HV of the approaching VRU

	Alternative Event Flow
	· If VRU is in the “Intersection” scenario application zone;
· If HV’s trajectory and VRU’s trajectory are on a collision course then
· Warn HV of the risk of collision with the approaching VRU
· Otherwise 
· Caution HV of the approaching VRU

	Post-Conditions
	· HV/Driver is aware of its approach towards the VRU and any risk of collision (Day 1-1.5)
· HV is aware of its approach towards the VRU and takes the necessary safety measures to avoid or mitigate collision (Day 3)

	Service Level Requirements
	· Positioning Accuracy
· Information Age
· Communications Range
(Derived from list in Section 6)

	Information Requirements  
	· HV’s location and dynamics.
· HV’s safe stopping distance.
· VRU’s location and dynamics.
· VRU’s characterization (bike, pedestrian, motorcycle,…)
· Lane designations and geometry.
· Intersection geometry
· Current Road Conditions (if available)
· Other vehicle sensor data



Extensions of the user story:
	User Story
	Detailed description, specifics and main differences to the user story in the main template

	Awareness of the presence of VRUs near potentially dangerous situations
	This VRU user story describes a scenario in which a presence warning at crossings and spots without line-of-sight (LOS), e.g. automatic detection of pedestrians waiting and/or crossing from infrastructure is intended. VRUs are watched via infrastructure support as surveillance cameras / wireless detection mechanisms and/or are equipped with mobile VRU devices (UE). Awareness notifications are shared with drivers e.g. via roadside units / monitoring system attached to a 3GPP system (e.g. potentially using MEC) sending messages to drivers or drivers C-ITS systems monitor actively VRUs that are equipped with a device.  
The User Story involves one or multiple vehicles and it assumes V2I and/or V2P connectivity.
In this user story a vehicle has entered an area in which VRUs are present.
· The area could be crossings (incl. cross-walks, zebra crossings) and spots without line-of-sight (LOS)
· VRUs are watched via infrastructure support as surveillance cameras / wireless detection mechanisms and/or are equipped with mobile VRU devices (UE). 
· Awareness notifications are shared with driver’s e.g. 
· via roadside units or 
· via monitoring systems attached to a 3GPP system (extension of user story e.g. potentially using MEC)  sending messages to drivers or vehicle’s C-ITS systems monitor actively VRUs that are equipped with a device.

	Collision risk warning
	This VRU user story describes a scenario in which a collision prevention at crossings and spots without LOS, e.g. automatic detection of pedestrians waiting and/or crossing from infrastructure is intended.
In this VRU user story the accuracy, performance and functionality of VRU devices incl. UEs is sufficient for collision risk detection, and vehicles share the information collected by sensors with each other.
Vehicles have entered an area in which VRUs are present.
· The area could be crossings (incl. cross-walks, zebra crossings) and spots without line-of-sight (LOS)
· VRUs are watched via infrastructure support as surveillance cameras / wireless detection mechanisms and/or are equipped with mobile VRU devices (UE). 
· VRUs are watched via information collected by vehicles sensors and relevant information is shared with other vehicles and/or road site units.
· Warning notifications are shared with driver’s e.g. 
· via roadside units or
· via monitoring systems attached to a 3GPP system (e.g. potentially using MEC) sending messages to drivers
· other vehicle’s C-ITS system based on sensor data 
· vehicle’s C-ITS systems monitoring actively VRUs that are equipped with a device. 
· Cooperative actions and maneuvers are enabled via cooperative message exchange in a bi-directional manner.



Performance Requirements
	KPI Title
	KPI Value
	Explanations/Reasoning/Background

	Payload (Bytes)
	300
	The information that is transmitted should fit into normal BSM/DENM messages

	Tx rate (Message/ Sec)
	10
	Since VRU is rather slow/stationary in a period of 100 ms, this time should be enough, even if vehicle is moving.

	Max end-to-end latency
(ms)
	100
	See UC description

	Reliability (%)

	95
	Assuming a one-time retransmission of messages, the probability to lose both copies of the same message is 0.05*0.05=0.25%, which we consider small enough and acceptable. 

	Data rate (Mbps)
	300 * 10/s = 3kBps = 24kbps
	Derived from the other values.  

	Min required communication
 range (m)
	Min. 80, 
Urban: 150,
Rural: 300
	See UC description



Conclusion
This use case description should be included in the WG1 use cases, representing Vulnerable Road User user stories.
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