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1   Introduction
The new 5G SI (FS_NR_newRAT) was agreed in RAN#71[1]. This SI, included a number of objectives related to Radio Access Network architecture, interface protocols and procedures. 
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TR 38.913 [2] identifies a number of key deployment scenarios that should be addressed by the new RAT and enabled by the next generation RAN architecture. A precursor to this work in RAN was SA1’s Feasibility Study on New Services and Market Technology Enablers (FS_SMARTER), the results of which were documented in TR 22.891 [3]. The study identified a number of new service opportunities, new verticals, and use cases that will characterize wireless traffic in the 5G timeframe and beyond. Many of these service opportunities are related to new or emerging vehicular scenarios, such as: connected and self-driving vehicles, vehicular internet and infotainment, support of unmanned autonomous and semi-autonomous aerial vehicles. These applications will leverage capabilities unique to cellular networks, such as ubiquitous coverage and connectivity, service continuity with high speed mobility, and advanced QoS support, to deliver value to end users and important new revenue opportunities to operators. Therefore, we conclude that this type of new vehicular service is a key market opportunity that should be addressed.
The purpose of this paper is to explore the potential impact of these new vehicular services on RAN architecture and network interfaces, and propose areas of further study within RAN3.
2   Emerging Vehicular Applications
Self-driving cars are being developed by various actors either into the automotive field (e.g., GM, Toyota, Audi, etc.) or the Internet services field (e.g., Google). It is widely anticipated that the first self-driving cars will be commercially available around 2020, with mass-scale adoption around 2025.  So far the industries developing these platforms have not addressed how to provide them with commercially viable communications. Cellular networks have many important characteristics such as ubiquitous coverage and connectivity, service continuity with the support of high speed mobility, and advanced QoS capabilities. These characteristics uniquely position the wireless industry to address the communication needs of these emerging platforms and applications, and it is expected that this segment will present a growing business opportunity for wireless service providers. Given the timeline for 5G deployment, it is thus necessary to consider the implications of these vehicles in the early stage of 5G to make sure that the wireless community can meet the growing demands of this sector.
The following is a short summary of services that are envisioned for connected and automated vehicles: 

1. Navigation, Warning and Safety Applications: Navigation capabilities to assist drivers are already present in many vehicles; however it is expected that they will be improved with assistance of network communication to improve traffic flow and optimize route planning. Warnings and Safety Applications include warnings to a driver about unexpected events, such as a vehicle around a blind corner, speeding vehicles that may cause a collision, etc. Such warnings provided to human drivers are clearly beneficial and can help minimize traffic accidents.  As vehicles move towards more automation, the need for high accuracy in navigation increases. In addition, warning and safety application are even more important to the driving function, because the sensing capabilities of vehicles are limited by distance.
2. Network Assisted Driving: A connected vehicle with some automated driving capabilities can utilize fine-grained information about the environment around the car. Such information can include information that the cars sensors cannot provide (such as vehicles or obstacles that are outside the range of the sensors or blocked). For example, vehicle A could be provided an indication that vehicle B in front of it is likely to collide with a vehicle C in front of vehicle B – which could then be used to apply the brakes and avoid a multi-vehicle collision. Clearly such applications require low latency communication between the connected vehicle and the infrastructure.

3. Remote Processing of Driving functions: Some functions that assist in driving can be performed remotely. For example, a node in the infrastructure can construct a visualization or 3D map of activity at an upcoming intersection. Constructing such a visualization for the user requires collecting data from multiple sensors/cameras and vehicles and may be computationally intensive in a vehicle. Such applications would require high bandwidth and low latency. Furthermore, vehicles that can be remotely driven are being considered – i.e., replacement of the human driver in the vehicle with either a remote human driver [4] or sophisticated centralized driving software in the network. 
4. “Infotainment”: As driving becomes less and less of a human task, occupants of the vehicle – including the human driver – can perform other tasks. This may include activities such as catching up on news, working or even watching a movie. Unlike smartphones, vehicles can be equipped with relatively large video monitors and augmented reality capabilities. Therefore the data rates demand from connected vehicles is expected to be much higher than for smartphones.
Generally speaking, 5G has been described as encompassing three different sets of use cases: massive Internet of Things, Critical Communications, and Enhanced Mobile Broadband communications. It can be argued that the connected car is relevant for all three of these sets, as shown in Figure 1. For autonomous driving, the connected car is relevant to IoT since it sends/receives messages from the infrastructure and other cars without any human intervention. Advanced navigation and collision avoidance features will necessitate the fusion of measurements from large set of sensors, across both vehicles and fixed infrastructure. Connected cars also form an example of critical communications, since very low latency and extremely high reliability are needed to ensure safety for the "driver" and passengers. And as mentioned above, with the "driver" relieved from his/her driving duties, he/she will likely consume tremendous amounts of data (e.g., watching movies, working, etc.)
One observation we can make is that the different services that address these different use cases will have vastly different requirements in terms of bandwidth, latency, sensitivity to connectivity and interruption, etc. Furthermore, each of these services may well be provided by different service providers, and be subject to different service subscriptions. For example, navigation, warnings, and safety may be provided as a part of a basic feature set supported by the vehicle manufacturer, and required by regulation or as a condition for insurance coverage. Network assisted driving may be a value added feature that consumers may subscribe to directly. Remote driving capabilities may be of more interest for commercial vehicles such as trucking and taxi services. Finally infotainment solutions may be supported as part of the consumer’s regular wireless service subscription, or might be provided as part of a transportation service, such as a taxi service. Clearly each of these services may be provided by different network slices, with different technical requirements.
Observation 1: Connected vehicles will encompass different network services, with vastly different technical requirements, and are likely to be delivered by different network slices.  
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Figure 1. Connected cars within the 5G ecosystem

3   Exploiting Geo-Location Information for Vehicular Service
Currently resource management in the RAN is primarily reactive in nature. For example, eNB scheduling takes as its input; channel state information reported by the UE or measured on the UL, the amount of user plane data buffered for different flows, and the QoS requirements of the different radio bearers. Although this approach has proved quite effective, it lacks any real ability to forecast either future traffic demands or predict expected channel or loading conditions. With connected vehicles, the volume of data delivered to a particular vehicle is likely to be significantly increased compared to today. Improving the capability to collect information of traffic demand andlocation, and the network’s ability to serve this demand would be useful to enable more proactive resource management and planning. 
Observation 2: Improved capabilities to predict wireless traffic demand and location, and the network’s ability to serve this demand will be increasing useful to support services to connected vehicles.
Navigation applications are widely used by consumers today to both find directions, and to select a travel path that optimizes some key metric such as minimizing travel time. These applications take into account driving conditions, estimates of traffic flow and congestion. Navigation and route planning are essential functions for autonomous and semi-autonomous vehicles. However, route planning has to date not been integrated with knowledge of the wireless network’s topology or wireless traffic conditions. Such integration could enable more effective and efficient radio resource management and improve the quality of the experience for the end user.  Although navigation and route planning applications have become increasingly sophisticated, by definition such applications have no knowledge of wireless network topology or wireless traffic conditions. 
To relate the predicted route to the conditions of the wireless network, it is essential to first map the route to the RAN topology.  Furthermore, RAN nodes typically collect measurements and channel state information from connected UEs. If the network can correlate these measurements with the location of a device, a map of system coverage can be built up. Predicted routes can then be compared to such a map to estimate service rates at various points along the route, mobility events, and the expected throughput and data volume that each cell can deliver to a particular UE along its travel route.  Although these functions may not be implemented directly by RAN nodes, it is clear that only the RAN can collect the necessary measurements, as well as identify important events (related to mobility, for example). Furthermore, prediction of performance (e.g. expected throughput at a particular location) can not be based solely on historical information, but needs to also consider current and anticipated future loading and traffic mix for each cell.
Observation 3: Proactive resource management will fuse route predictions with expected service rates along the route. The RAN plays a pivotal role through the collection of information, measurements and mobility events, and knowledge of current loading conditions and traffic mix.
In the case of connected vehicles, the expected service rate along the travel route may be an important criterion for route selection in its own right. Figure 2 illustrates an example, where route (a) is selected if low data demand is expected for the vehicle, whereas route (b) is selected if high data demand is expected.
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	(a) route for low data traffic demand
	(b) route for high data traffic demand


Figure 2. Route selection as a function of data traffic demand

Proposal 1: The RAN should define standardized interface(s) or reporting methods to enable new services for connected vehicles (e.g. enable forecasting of future service rates).
4   RAN Interface Impacts
As discussed in the previous section the RAN is central to enable the exploitation of vehicle route planning and geo-location information, through the collection of measurements and the reporting of information related to prediction of service related metrics. 
Different information may be provided by the RAN with different time scales and different scope. The following summarizes some examples of possible information the RAN can provide, and the relevant time scale for each :

1)  Service Map Construction: The RAN may collect and report information useful for the creation of coverage and service maps. This information may include measurements at the UE (DL), measurements at the TRPs (UL), channel state information, mobility events, etc. The RAN may need to apply appropriate filtering to the measurement data before reporting it. These measurement summaries would typically be reported periodically so as to be correlated with UE location information for the creation of network service maps, and represent the long term service trend at particular geo-location.
2) Mid-term Service Rate Predictions: As the typical travel time for a vehicle may be on the order of 10s to minutes or more,  it is appropriate for the RAN to provide service rate predictions for locations along the vehicle’s route on this time scale. This information may be useful for certain RAN resource management decisions, such as admission control and resource reservations. In addition, other non-RAN network entities may also benefit from such information to make informed resource reservation decisions. For example, in the case of streaming media, this type of information could be useful for allocation of cache resources and proactive caching of content at various locations within the network. Note that this type of information may need to be updated after travel commences if the selected route is modified, to avoid an accident for example. 
3) Short-term Service Rate Predictions: Since the time scale for (2) is rather long, the accuracy of such a prediction will be based on rough estimates of the vehicle’s future location (e.g. an average rate of vehicle speed is assumed for a particular stretch of roadway). When the vehicle actually travel’s along the route, the vehicle’s location at a given time will deviate from the initial plan (due to variations in traffic flow or to stop at a traffic light or sign, etc.) Taking this actual location into account RAN is able to provide much more accurate predictions of service rate over the short term (e.g. 100s of ms to a few seconds). This kind of short-term service rate predictions could be useful to certain applications or bearer as a type of predictive flow control. For example, if in the next second the RAN predicts that a relatively high service rate can be made available to an application or flow, the application could take advantage of this to push more data towards the client. This may be especially useful in the case of streaming content to connected vehicles, as the content itself may be buffered or cached close to the RAN, while the vehicle may implement a relatively large local cache of its own.
Of these 3 reporting modes, (1) & (2) can be seen to be more related to operations and management plane functions (construction of service maps, predictive resource allocation, etc.) while (3) provides enhanced user plane functionality. When and how to use each of these different reporting modes may depend on the type of application, or the service being provided to the connected vehicle. 
Observation 4: Particular reporting modes/reporting frequencies are needed to support different control and user plane functionalities.  
Proposal 2: The RAN should support the reporting of service related information conforming to different formats. 
Proposal 3: RAN3 should study which interfaces should support the configuration and/or reporting of service related information from/to the RAN. Different configuration should be possible in order to support different network slices.
5   Conclusion
5G network will support connected vehicles to enable new value added services. As discussed Navigation and mapping solutions will interact with the RAN to optimize route planning based on predictions of current and future data traffic demands, network congestion, and predictions of the throughput availability at various locations along proposed routes. Combining service rate and location predictions will enable other network entities to optimize content caching at various points of connectivity to the RAN. 
RAN 3 is requested to study the functionality required to provide connected vehicle services, and analyze the impact to current procedures, RAN-CN interfaces, and the potential impact of network slicing. 
We have the following proposals:

Proposal 1: The RAN should define standardized interface(s) or reporting methods to enable new services for connected vehicles (e.g. enable forecasting of future service rates).
Proposal 2: The RAN should support the reporting of service related information conforming to different formats.
Proposal 3: RAN3 should study which interfaces should support the configuration and/or reporting of service related information from/to the RAN. Different configuration should be possible in order to support different network slices.
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Study on the above 2 bullets shall at least cover:


Study the feasibility of different options of splitting the architecture  into a “central unit” and a “distributed unit”, with potential interface in between, including transport, configuration and other required functional interactions between these nodes [RAN2, RAN3];


Study the alternative solutions with regard to signaling, orchestration, …, and OAM, where applicable [in co-operation with SA5];


Study and outline the RAN-CN interface and functional split [in co-operation with SA2] [RAN2, RAN3];


Study and identify the basic structure and operation of realization of RAN Networks functions (NFs). Study to what extent it is feasible to standardize RAN NFs, the interfaces of RAN NFs and their interdependency [RAN3];


Study and identify specification impacts of enabling the realization of Network Slicing [in co-operation with SA2] [RAN2, RAN3];


Study and identify additional architecture requirements e.g. support for QoS concept, SON, support of sidelink for D2D [RAN1, RAN2, RAN3].
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