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Abstract: The contribution proposes a use case concerning Vulnerable Road Users as per SAE J2945/9 along with the associated Potential Requirements
5.5.x
Support to Vulnerable Road Users (VRU)
5.5.x.1
Description

A Vulnerable Road User (VRU) is a road user who is not occupying a vehicle such as a passenger car, a motorcycle, a public transit vehicle, or a train. Pedestrians, cyclists, children, elderly, disabled people and road workers are particularly vulnerable to serious injury or death when involved in a motor – vehicle – related collision, and therefore, are typical examples of VRU.
This use case is described as per SAE J2945/9. This document provides recommendations of safety message minimum performance requirements between a VRU and a vehicle. The vehicle and the Vulnerable Road User (VRU) are both equipped with V2P capabilities. The VRU devices carried by pedestrians, bicycle riders and public safety personnel provide driver and vehicle system awareness and potentially offer safety alerts to VRUs

3GPP TR 22.885 defines a similar VRU Safety use case in clause 5.18. Furthermore, ETSI TR 102.638 defines a similar use case, Vulnerable Road User Warning, where a user device broadcast co-operative awareness messages (CAM) with information on the presence, trajectory and speed of the VRU. Nearby vehicles can receive, decode, and process CAM messages and provide warnings to driver to avoid collision with the vulnerable road user. This use case needs maximum latency time of 100 ms and the minimum CAMs rate of 1 message per second.
VRU crossing the road while vehicle is approaching is the use case selected as subject scenario for this document because this scenario accounts for 7000 fatalities and 115000 cases [NHTSA, Pedestrian Crash Avoidance/Mitigation  Systems Final Report]. 
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Figure: Vulnerable road user warning use case scenario
The VRU safety applications use relative positioning of the VRU and the vehicle in order to assess the potential threat. These applications needs to be able to distinguish VRU on the level of the street from VRU above or underneath the level of the street, for instance, using a bridge or tunnel. This yields needs for both horizontal and vertical positioning information (3GPP TS 22.186 v15.2.0 defines relative positioning requirements in the horizontal domain, primarily for platooning). Also, because VRU and the vehicle are not always in line-of-sight (street corner, sharp turn with obstructions like canopy, landscape, etc.), the determination of this relative position using the absolute position of the VRU and the vehicle is desirable. SAE J2945/9 assumes one – way communication from VRU B (here a pedestrian) to Vehicle A because continuous monitoring of messages from Vehicle A and other vehicles will drain very fast the battery of the UE of VRU B [TR 36.885 clause 9.3]. However, based on user choice, VRU B's UE may also receive and process messages from Vehicle A, in order to alert him of an incoming risk of collision.

5.5.x.2
Pre-conditions

Vehicle A and VRU B (a pedestrian) are both equipped with a UE supporting positioning functionalities based on the 5G System  and V2P Service based on the 3GPP System or non – 3GPP System. The positioning functionalities can use a combination of 3GPP positioning technologies and non-3GPP positioning technologies such as GNSS (e.g. Beidou, Galileo, Glonass, GPS, QZSS), terrestrial beacons (e.g. Bluetooth, RFID, TBS), dead-reckoning sensors, etc.
A safety application, generating safety messages, is available and running on the UE device held by the VRU B. 
Vehicle A and VRU B are in proximity (within each other's V2P communication range).
5.5.x.3
Service Flows
The VRU B is crossing the street.

Vehicle A is approaching and has green light.

The VRU B status (time - tagged position, speed, heading, etc.) is continuously determined by its UE.

The safety application running on the VRU B´s portable device puts the information derived at previous step in a safety message which is then broadcasted to other road users, including Vehicle A.
Vehicle A receives the safety message broadcasted by the VRU B portable device.

Vehicle A safety application uses the information from the safety message to detect potential safety threats and take appropriate action, e.g., alert the driver of potential collision with sufficient time in advance.

5.5.x.4
Post-conditions

The driver of Vehicle A is informed of the potential hazard, and can take necessary actions.
5.5.x.5
Potential Impacts or Interactions with Existing Services/Features

5.5.x.6
Potential Requirements

The following potential requirements are derived from SAE J2945/9 and address only walking pedestrians (cyclists and other VRU will be addressed in future releases of SAE J2945/9): 

•
The 5G System shall be able to provide absolute positioning service with a horizontal accuracy less than 1.5 m at 1 sigma.

•
The 5G System shall be able to provide absolute positioning service with a vertical accuracy less than 1.5 m at 1 sigma.

•
The 5G System shall be able to provide heading service with an accuracy of 5 deg.

•
The 5G System shall be able to provide velocity information with an accuracy less than 0.6 m/s (2 km/h).

•
The 5G System shall be able to provide acceleration service with an accuracy of 1 m/s^2.

•
The 5G System shall be able to timestamp VRU messages with an accuracy of 1ms

•
The 5G System shall be able to provide positioning service with an update rate of [1] Hz.

•
The 5G System shall be able to provide positioning service with a latency of less than [500] ms

•
VRU UE may be able to receive assistance data (e.g. GNSS corrections) through the cellular network, Road Side Units and internet service. Use of this additional correction information is recommended to improve the positioning accuracy of the VRU.

Additional proposed requirements:

•
The 5G System shall be able to provide absolute positioning service with a horizontal accuracy less than [1] m at [2] sigma.

•
The 5G System shall be able to provide absolute positioning service with a vertical accuracy less than [1] m at [2] sigma.

•
The 5G System shall be able to provide positioning service with an availability of [95]%.

•
The 5G System shall be able to provide positioning service with a TTFF < [10] s. 
•
The 5G System shall support the provision of integrity on the position – related data and in particular, shall be able to provide an error prediction accuracy of more than [99%]. 
Note 1:
The error prediction accuracy above is a probability that predicted positioning errors are larger than the actual positioning errors.
The following potential requirements are proposed for cyclists(this type of VRU is not yet covered in SAE J2945/9).
•
The 5G System shall be able to provide positioning service with an update rate of [10] Hz for VRU moving at speeds up to 40 km/h.

•
The 5G System shall be able to provide positioning service with a latency of less than [90] ms for VRU moving at speeds up to 40 km/h.
