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Discussion
1 Introduction
The automotive industry has been enjoying a period of relatively strong growth and profitability. Already we are beginning to see so-called connected car, a vehicle with wireless communication module; advanced infotainment systems and apps; vehicle-to-vehicle communications that let cars on the road “talk” to each other, exchanging basic safety data such as speed and position; real-time location services and routing based on traffic conditions. Especially, automated driving is one of the crucial technologies and significant technological advancements influencing our future mobility and quality of life [1].

In order to handle complicated roadway situations, automated vehicles will have to get the information from their own sensors as well as from those of other vehicles. That is, sensor and camera data in a vehicle as well as supplementary information from the neighboring vehicles will be collected using mobile networks so that a potential emergency situation can be reliably informed to a driver in real-time and timely procedures can be taken to avoid an accident. Moreover, automated vehicles needs to communicate with non-vehicle UE such as pedestrian in the pavement and Road Side Unit (RSU) configured beside roadway in order to avoid the accident.

These use cases require noteworthy challenges to the legacy communication system as follows: amount of data such as high-definition camera must be sent to neighbour vehicle trustworthy within utmost low latency - beyond what current wireless technologies can provide. NR should guarantee enhanced performance in terms of high data rate, utmost low latency and perfectible reliability under high mobility and connectivity density.

Hence, in this contribution, we discuss about the consideration points to support NR V2X services.
2 Discussion
2.1 Consideration points for NR V2X services
According to SA1 TR [2], a typical example of NR V2X service can be automated driving in connected vehicles. To achieve automated driving, we need to get much information about surrounding environments such as velocity of neighbouring cars, proximity between the own car and the neighbouring car or between the car and the pedestrian. However, due to the limited range of sensors, the information collected by sensors does not sufficient to decide a certain action for automated driving within a limited time if the neighbouring car is far away from the own car. Hence, to decide the action carefully, more accurate information needs to be obtained by special high-definition cameras such as 360o camera and the information collected by this camera will be exchanged with neighboring cars to enhance the performance of automated driving. 360o cameras generate a lot of picture and sound data, so the data rate to send the information generated from special high-definition cameras in connected vehicle will exceed to that of smart devices such as smartphone and tablet. Also, plenty of data is generated from three-dimensional LIDAR/LADAR that is crucial equipment to support automated driving and this data also will be exchanged between the own car and neighboring cars. When automated driving is applicable to connected vehicle, the driver of the car can enjoy an entertainment such as playing a game or watching a movie during no driving time, which means that the high data rate to support variable entertainment contents is expected. 

Also, the surrounding information detected by the own car and self-decided messages need to be exchanged between adjacent vehicles with very low latency (e.g., 1 millisecond air latency) and high reliability (e.g., 10-5) [2] [3]. For example, when the car performs automated overtake operation, the cooperation between the own car and surrounding vehicles in multiple lanes is essential to prevent the car from colliding. In other example, high density platooning could lessen the distance among vehicle fleets to 1 meter [3]. To support this, a vehicle in vehicle fleet should continuously exchange its information such as velocity, direction, fuel gauge with a host vehicle in vehicle fleet in real time. With this information, the host vehicle in front of vehicle fleet can control throttle valve, brake or shift gears to maintain the distance among vehicle fleets. Thus, the information should be exchanged within control cycle (e.g. 10ms [3]) in controller of host vehicle.
The information from the infrastructure such as a roadside unit or a pedestrian walking along pavement is  necessary to support perfect automated driving because non-vehicle information such as traffic jam or vulnerable road users is helpful to decide whether the own car is stopped or not. Many passengers in a bus usually enjoy multimedia services such as video streaming using their smart devices. With consideration on these scenarios, NR V2X have to incubate various and many users - vehicle, RSU, pedestrian - in a cell. According to TR SA1 [2], the number of vehicles can exceed 10000 in scenarios with multiple lanes and multiple levels and types of roads.

Therefore, it is inevitable that NR V2X needs to support extremely high data rate, very low latency transmission and many users to fulfil automated driving in connected vehicle.

Proposal 1: NR will support V2X service characterized by mixture of enhanced mobile broadband, ultra-reliable low latency communications and massive MTC.
Another consideration point in automated driving of connected vehicle is high mobility, which makes frequent handover. Furthermore, high moving speed leads to signal degradation, which also makes radio link failure. During handover, handover interruption time inevitably occurs until the UE succeed in connecting a new cell. Hence, if handover often happens, the information used to decide self-driving might not be transmitted in time, which means that we do not guarantee the safety and reliability of self-driving. Moreover, due to fast moving, radio link failure also happens and fast recovery procedure is necessary to guarantee service continuity for connected vehicle.
Therefore, it is natural that NR needs to enhance handover procedure and radio link failure recovery procedure to support connected vehicle.

Proposal 2: NR needs to reduce handover interruption time and radio link failure recovery time to guarantee seamless service connectivity in connected vehicle.
Generally, to support automated driving in connected vehicle, status information (e.g. velocity, acceleration, position, etc.) and event information (e.g. heavy rain, fog, snow, traffic jam, etc.) should be exchanged among connected vehicles with utmost low latency such as 1ms E2E latency [2]. If assuming this information is routed via an infrastructure, then at least two more messages are needed than direct communication between source vehicle and destination vehicle and two additional transmission latencies inevitably result in not satisfying requirements for safety service or requirements for non-safety service. In other case, even the vehicle is unable to maintain the connection with an infrastructure due to link fragility or blockage, status information or event messages among connected vehicles should be able to be exchanged to support automated driving. Hence, NR V2X also needs to study direct communication between source and destination nodes with less latency.
Proposal 3: NR needs to support enhanced direct communication among vehicles for utmost low latency V2X service. 
3 Conclusion
This contribution provides technical consideration points to support NR V2X. 

Proposal 1: NR will support V2X service characterized by mixture of enhanced mobile broadband, ultra-reliable low latency communications and massive MTC.
Proposal 2: NR needs to reduce handover interruption time and radio link failure recovery time to guarantee seamless service connectivity in connected vehicle.
Proposal 3: NR needs to support enhanced direct communication among vehicles for utmost low latency V2X service.
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