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Abstract: The contribution proposes a use case relating to Road-user charging (RUC) services for future connected vehicles and associated Potential Requirements 
x.1
Road-User Charging (RUC)
x.1.1
Description

Road-User Charging (RUC) defines generic services monitoring a vehicles position (and/or motion) with the aim of levying a charge or a tax on the vehicle’s user, based on the way the road infrastructure is used by the user. It may apply to any kind of road (local and national network, motorways and can be expanded to access control to urban areas or parking) and may target all kinds of vehicle, primarily:

- Personal vehicles, for applications such as Pay-as-you-drive (PAYD) such as insurance and car as a service, management of traffic congestion and incentive for certain vehicle energy or car-sharing (dissuade use of low occupancy vehicles on high occupancy lanes, etc.)

- Professional vehicles, for applications such as road tolling (based on distance, time, type of vehicle and freight, period of day or week, availability of alternative multimodal transports schemes, etc.)

Originally, RUC services relied on static, rigid implementations, either access control to road (tolling booth) or annual fees (insurances) and taxes per vehicles. The development of LBS technologies allows the implementation of dynamic and highly flexible RUC services: an On-board Unit (OBU) enables the determination of the vehicle’s position and motion (e.g. velocity or velocity profile) and reports these information to the RUC system (for instance, a regional or national processing facility). The latter applies RUC algorithms to establish the fee to be charged. The RUC algorithms may be adapted to evolving needs and applications, expand the coverage in terms of the charged road and conditions without the need to deploy new infrastructure like tollbooth, gantries, etc. The RUC algorithms may also apply different charging strategies according to traffic condition (congestion, period of day), lane occupancy or priorities (priority vehicle, incentive for car sharing, management of specific freight or hazardous materials, etc.), velocity profile. Consequently, the position-related data should be accurate enough to determine the position of the vehicle at lane level and to determine the vehicle’s velocity with good accuracy.

Integrity, security and authenticity of the position-related data are key aspects on any RUC service to detect or dissuade fraud and prevent any fake information is introduced into the system to avoid application of the charges.
x.1.2
Pre-conditions

The user or the user’s vehicle is equipped with a RUC OBU, comprising a 5G communication module and a 5G positioning module. This positioning module can use a combination of 3GPP technologies and non-3GPP technologies such as GNSS (e.g. Beidou, Galileo, Glonass and GPS), terrestrial beacons (e.g. Bluetooth, RFID, TBS), dead-reckoning sensors, etc. to allow the RUC system to determine some vehicle’s position-related data.

The RUC Application Server includes algorithm to compute the charges, monitors the traffic and manage fraud detection algorithms.

The environment of use is primarily outdoor, including urban areas and rural areas (wide coverage area), but includes also road tunnels and parking areas which may obstruct radio waves.
x.1.3
Service Flows

The 5G positioning module enables the 3GPP system to determine position, velocity (or velocity profile). The frequency of the determination may vary according to the RUC application requirements. Indeed, depending on the application, determination of the position-related data need to be achieved in close-to-real-time or not. Insurance and PAYD applications may handle charging on a regular, for instance on a monthly or yearly basis.

These information are reported to the RUC Application Server in addition with information relating to the user (including type of vehicle and transported passenger or freight). 

For what regards road user charging, one can distinguish two main types of applications. The first one deals with levying a fixed tax depending on the road that is taken by the vehicle. In this case, the position information shall be available each time with a periodicity of 1s but the information can be reported to the central application server by packets in non-real time. The second type of application deals with a dynamic fees level in order to control dynamically the traffic. In this case, real time reporting shall be insured.

For PAYD insurance applications, the position data information shall be available each second in order to compute distances. Report shall be sent periodically to the central server.

In all cases, Integrity of the information shall be insured all along the information chain

x.1.4
Post-conditions

The user is charged according to its use of the road infrastructure or according to the use of the vehicle and driving behaviour (PAYD).

The operator of the road infrastructure has access to additional information to plan his operations (evolution and capacity increase, maintenance, etc.).

The processing (determinist or statistical analysis) of the reported information brings additional benefits to the road user community, enabling by-products for the operators of road infrastructure, like for instance:

- Traffic flow statistics and management (including real time traffic management, establishment of priority lanes according to period of day, etc.)

- Feedback of road usage, to plan for road evolution (increase of capacity, bypass route) or maintenance (for instance, in case of more heavy traffic on some roads or lane)

- More secure traffic for all road users.

x.1.5
Potential Impacts or Interactions with Existing Services/Features

x.1.6
Potential Requirements

The 5G System shall be able to provide positioning service with a horizontal accuracy in the range [1 – 3] m, an update rate of [1] Hz and an availability of [99] % for speed up to [130 km/h] and user density up to at least [10 000 / km²]..

The 5G System shall be able to provide velocity information with an accuracy of [2] m/s, an update rate of [1] Hz and an availability of [99] % for speed up to [130 km/h] and user density up to at least [10 000 per km²].

The 5G System shall be able to provide positioning service with a TTFF better than [10] s.

The 5G System shall be able to ensure the positioning related data are secured, authenticated and protected against fraud and fulfil adequate integrity to enable charging the user with a good level of confidence.
