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Abstract: Use Case on VRU Road Safety via VRU to RSU communication. Road Side Units (at intersections or crossings) are via Vehicle and VRU to RSU communication informed on the presence of Vulnerable Road Users and vehicles. RSU can use this information, together with information from other road side sensors (radar, camera) to predict the tracks of vehicles and VRUs and - if relevant – send a collision warning message to the vehicle and/or VRU to avoid or mitigate a collision. This contribution is based on work in the EU FP7 project VRUITS.   
5.X Use Case X2: VRU Road Safety via VRU to Road Side Infrastructure communication (VRU2I)

5.X.1 Description

This use case is similar to the use case VRU Road Safety via VRU2V and to the use case on cooperative intersection safety, but in this use case VRU UEs communicate with a RSU at the road side infrastructure, which performs risk assessment on potential collisions. 

A VRU carries a UE which sends periodically awareness messages containing position, speed and heading information. The messages are captured by a RSU, which performs risk assessment and can warns the driver(s) and the VRUs in case of potential collisions. The warning can either be sent as a message over the E-UTRAN network, or by other means, e.g. flashing lights.

· a  pedestrian with a smartphone app, is coming from behind a building, and a Car is coming round the corner at collision speed. Based on the signals transmitted by the UEs, the RSU sends a warning to the users, who take appropriate actions..

· a motorcycle is overhauling a vehicle. Another Car does not see the motorcycle and wants to change the lane. The RSU notices the potential conflict and warns both users, which take actions. 

5.X.2 Pre-conditions 

· VRU UE, Car UE and RSU support V2X and VRU2X Services 

· VRU UE and Car UE broadcast periodically awareness messages.

· Car UE and VRU UE are in proximity of RSU (within each other’s V2X communication range)

· VRU UE comes within a critical range of the Car UE trajectory.

· RSU performs collision risk assessment and can sends safety warnings to Cars and VRUs.

5.X.3 Service Flows

· The RSU builds a dynamic map with all road users, both VRUs and Cars transmitting awareness and safety messages.

· The RSU performs risk assessment and detects a potential collision risk  

· At potential collision risk, the RSU sends a warning message to the Car and VRU. The warning can be sent as a warning over the E-UTRAN network, or infrastructure based warnings (e.g. flashing lights) can be used to warn both driver and VRU.

5.X.4 Post-conditions

Car driver and VRU are alerted of potential collisions, and take appropriate action to avoid or mitigate a collision.

5.X.5 Potential Requirements

[PR5.X.5-001] Car and VRU UEs supporting V2X Services are able to transmit a broadcast message containing position, speed and heading and UE contexts. 

[PR5.X.5-002] The VRU UE is able to determine the context of the VRU (walking, cycling, passenger…) and if the VRU is participating to traffic.

[PR5.X.5-003]  The VRU UEs VRU2X Service shall transmit data only when the VRU is susceptible to interaction with Cars (e.g. not when public transport passenger, walking indoors).

[PR5.X.5-004] The RSU supports X2I Services and is able to receive the messages of the Car UEs and VRU beacons within the range of 5 seconds to conflict.

[PR5.X.5-005] The RSU is able to capture messages broadcasted by UEs at the maximum density of car UEs and VRU UEs in the range.

[PR5.X.5-006] The RSU is able to perform a risk assessment of potential collisions based on the information received from the car UEs and VRU UEs, fused with potential other sensors at the RSU.

[PR5.X.5-007] the Broadcasting frequency of the UEs is high enough to make a high quality risk assessment,   The broadcasting frequency of the different road users’ UE is dependent on the change in the status (position, speed, acceleration…). The required broadcasting frequency of pedestrians will hence be smaller than for moving vehicles. 

[PR5.X.5-008] The RSU is able to send collision risk warning to the road user UEs on the collision path.

[PR5.X.5-009] Road user UEs shall be able to be receive collision risk warnings within the range of 5 seconds to conflict. 

[PR5.X.5-010] Messages between UEs can be transmitted with a latency no larger than 100ms with sufficiently low delivery loss.

[PR5.X.5-011] Messages should be able to be exchanged between UEs at the relative maximum velocity of 160 km/h. 

[PR5.X.5-012] The V2V Service shall support user/vehicle anonymity and integrity protection of the transmission.

[PR5.X.5-013] Drivers should only be warned if there is a high possibility of collision, in order to reduce the number of false alarms. Cars need more time to come to a complete stop (driver reaction time 1.5s; deceleration 3.4m/s2), compared to VRUs (cyclist: deceleration 2.5m/s2; pedestrian 1m/s2)

[PR5.X.5-014] Accurate maps are needed on the intersection (accuracy < 0.5m) including  all VRU related traffic elements and priority rules, in order to support risk assessment.

[PR5.X.5-015] VRU UE form factor should be practical for VRU, and power consumption should be minimized, to avoid battery drain and ease maintenance (charging) of the VRU UE. 
