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Abstract: The contribution proposes a use case concerning Vulnerable Road Users. It describes the positioning related capabilities for the VRU scenario defined in TR 22.885, and proposes potential requirements only for the positioning capabilities..
5.5.x
Support to Vulnerable Road Users (VRU)
5.5.x.1
Description

SAE J2945/9 defines a Vulnerable Road User (VRU) as follow: “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, disabled people and road workers are typical examples of VRU”.

The contribution of 3GPP System to the safety on VRU is studied in the frame of the Study on LTE support to V2X services (TR 22.885). In here, the service flow and potential requirements necessary to support the exchange of V2P messages between involved UE, like vehicles and pedestrians are provided. This use case proposed in the present document describes a VRU scenario as defined in TR 22.885, and complements it for what relates to the positioning capabilities (not explicitly mentioned in TR 22.885) necessary to support the use case.
The service relies on the broadcast of messages containing position-related data associated to UEs (e.g. position, velocity, acceleration, trajectory, status, etc.). The UE of road users in vicinity will compare the broadcasted absolute position, determined by the 5G system, with their own, to assess the risk of hazard, and initiate some reaction like notifying the user, replying to the emitter of the broadcasted message, etc.
The VRU safety applications use relative positioning of the VRU and the vehicle in order to assess the potential threat. To determine this relative position based on the broadcasted data by each of the two UE, the broadcasted data need to describe an absolute position. In addition, it is necessary 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 absolute horizontal and vertical positioning information. Finally, indication of the user’s velocity (amplitude and bearing) are needed to extrapolate the user’s trajectory.
The position-related data should be good enough to support mechanisms that allow to identify with a satisfactory level of confidence whether a VRU is on the sidewalk far from the street, on the sidewalk but close to its interface with the street or on the street. This calls for meter-level accuracy for the position and velocity.
A horizontal accuracy of less than [1] m is required to determine whether VRU is on the roadway or the sideway and assess potential threat to VRU. Sufficient confidence level (e.g., [2] sigma) is needed to avoid false alarm as much as possible. A vertical accuracy of less than [1] m at [2] sigma is required to determine whether VRU is on the same vertical height as a vehicle and assess potential threat to VRU. Sufficient confidence level (e.g., [2] sigma) is needed to avoid false alarm as much as possible.
Considering VRU moving at speeds up to [40] km/h, a latency less than [90ms] is needed to make a positioning error due to latency less than [1] m.
The error prediction accuracy is a probability that predicted positioning errors are larger than the actual positioning errors. Sufficient error prediction accuracy (e.g., more than [99] %) is needed to provide reliable positioning-related services and avoid false alarm as much as possible.

Considering a moving speed of VRU, an update rate of [1] Hz for pedestrian and [10] Hz for VRU moving at speeds up to [40] km/h is needed.







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 at least 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.


Environment of use is outdoor, including deep urban canyons.
5.5.x.3
Service Flows

.

The system continuously determines the status of Vehicle A and VRU B (time - tagged position, speed, heading, etc.).



.

5.5.x.4
Post-conditions

The status of vehicle A and VRU B are made available by the 5G System for VRU safety applications..
5.5.x.5
Potential Impacts or Interactions with Existing Services/Features

5.5.x.6
Potential Requirements


•
The 5G System shall be able to provide absolute positioning service with a horizontal accuracy less than [1.5] mat 2 sigma. .

•
The 5G System shall be able to provide absolute positioning service with a vertical accuracy less than [1.5] mat 2 sigma..

•
The 5G System shall be able to provide heading service with an accuracy of [15] 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 timestamp VRU messages with an accuracy of [50] ms


•
The 5G System shall be able to provide positioning service with a latency of less than [90] ms.
•
The 5G System shall be able to provide positioning service with an availability of [95]%.
•
The 5G System shall be able to provide an error prediction accuracy of more than [99%]. The error prediction accuracy above is a probability that predicted positioning errors are larger than the actual positioning errors.
•
The 5G System shall be able to provide the positioning service as required above with an update rate of [1] Hz for pedestrian and [10] Hz for VRU moving at speeds up to [40] km/h.












