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At the RAN#71 meeting, a SI on 5G was adopted [1]: the justification for the SI is "3GPP has to identify and develop the technology components needed for successfully standardizing the NR system timely satisfying both the urgent market needs, and the more long-term requirements set forth by the ITU-R IMT-2020 process." One of the objectives is:
(1) Target a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 including
· Enhanced mobile broadband
· Massive machine-type-communications
· Ultra reliable and low latency communications 
In addition to RAN, SA1 has also started discussion on eV2X for Rel-15 [7]. It was proposed that SA1 to specify service requirements to enhance 3GPP support for V2X service.
In another field, self-driving cars are being developed by various actors either in the automotive field (e.g., GM, Toyota, Audi) or the IP 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 (e.g., [2]).
Given the timeline for 5G deployment, it is thus necessary to consider the implications of connected/self-driving cars in the early stages of 5G to make sure that the wireless community can meet the needs of the connected vehicles in the next decade.
In this contribution, we discuss the specific problems that need to be addressed by RAN1 to support self-driving/connected cars for the NR. In particular, self-driving cars are expected to be very demanding in terms of constraints on the cellular system, thus deserve particular attention and specific evaluation scenarios.
The connected car and 5G
Generally speaking, 5G has been described as encompassing three different sets of requirements. For instance, SA1 defines the following:
· TR22.861 describes massive Internet of Things
· TR22.862 describes critical communications
· TR22.863 describes enhanced mobile communication
It can be argued that the connected car is relevant for all three sets of requirements, as shown in Figure 1. For the autonomous driving part, the connected car is relevant to IoT since it send/receives messages from the infrastructure and other cars without any human intervention. It is a form of critical communication, since very low latency and extremely high reliability are needed to ensure safety for the “driver” and passengers. Finally, with the “driver” relieved from his/her driving duties, he/she will likely consume tremendous amounts of data (e.g., watching movies, working)

[bookmark: _Ref445731968]Figure 1. Connected cars within the 5G ecosystem
Observation 1: the connected car is relevant for all 3 sets of requirements identified by SA1

Vehicular traffic is characterized by varying mobility patterns and density over both space and time [5]. For example, in traffic jams, the vehicle density varies greatly between the areas of the traffic jam and nearby areas of free-flow traffic. In terms of time variation, a road location could experience both traffic extremes (i.e., very sparse and very dense vehicular traffic) at different times of day. From the communications network perspective, enabling high reliability without over-provisioning the resources in such a highly dynamic network is a challenge. 
Observation 2: 5G networks will need to dynamically allocate the resources based on the vehicular traffic density and data traffic demands.
In addition, the connected car presents some challenges that are uniquely relevant for RAN1. First, wide area coverage is needed, with no/very little coverage gaps. Second, at least the safety part needs to be operational under out-of-coverage conditions. Finally, it is an application that requires high data rates in high mobility conditions.
Observation 3: from a RAN1 perspective, the connected car is a challenging use case
Required capacity demand from the autonomous car
The traffic generated by autonomous cars is anticipated to be very high. In the V2X SI, studies on V2V traffic were performed, and were reported in TR36.885. As it can be seen in Appendix B, for the urban 15 environment scenario, meeting the traffic demand for “basic” V2V services is challenging. Note that the urban 15 case is not a challenging environment in terms of traffic demand, and it is anticipated that there are plenty of deployments where higher traffic densities can be observed. Note also that the V2X SI does not consider autonomous driving.
Autonomous driving will significantly increase traffic demand: for instance, some features such as “platooning” will require substantial data exchange in between cars. Traffic regulation at an intersection will require a lot of information exchange between vehicles, as well as between vehicles and the infrastructure. Perhaps more strikingly, the demand for "infotainment" services will soar: the average commute time is around 30 minutes one way, or 1 hour/day. The driver now has an hour of spare time to work, watch videos, etc. This will drive the traffic demand up. Note in particular that the increase in traffic demand will be in areas that are not considered hotspots, but are generally covered by macro eNBs, where the traffic is currently viewed as low.
· Observation 4: the traffic demand from connected cars is anticipated to be very high
Meeting the traffic demand from connected cars will be challenging. It will rely on both network-to-car communications, and car-to-car (V2V) communications.
Network-to-car communications
In an accompanying RAN2 contribution [10], we describe how the network can accommodate the traffic demand through the use of service-aware RAN and the massive scale deployment of Road Side Units (RSUs). RSUs are discussed in the V2X SI for safety applications. The RSU will also be used for sending traffic data. Essentially, the RSU can be viewed as a hotspot for infotainment as well as a safety node. The concept of RSU is shown in Figure 2.
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[bookmark: _Ref445473267]Figure 2: Example of RSU deployment

Deploying these RSUs will be challenging:
· Given that they act as hotspots for traffic delivery, the use of millimeter wave (mmW) transmission seems to be appropriate. RSUs will require the deployment of mmW beamforming in high mobility conditions. Note that a car has GNSS information, which can be used to assist beamforming.
· If RSUs are deployed on a large scale, as they need to, it is unlikely that all RSUs will be connected to the network via wire. Thus, wireless backhaul techniques and protocols for RSUs will need to be standardized.
Consequently, we propose the following:
Proposal 1: RAN1 needs to study how to communicate with RSUs:
· From/to the RSU to/from the car
· From/to the eNB to/from the RSU
Note that in some conditions, a car might be out of coverage from the RSU but could still benefit from communicating with it, either from a safety or entertainment standpoint. Thus, it is also valuable to consider relaying mechanisms from a car to a RSU. Note that for LTE-V2X in Rel-14, a RSU is an application-layer functionality and is not defined as a 3GPP logical note. For NR, it remains to be seen (and studied by other 3GPP WGs) if a logical node encompassing the RSU functionalities needs to be defined.
Car-to-car communications
In order to facilitate communications between connected cars and to alleviate the load on the cellular systems, a strong V2V component of the connected car solution needs to be standardized:
· V2V can provide significant safety benefits, and is currently being standardized in Rel-14 for LTE. This effort does not include autonomous driving. V2V is expected to be a crucial component of the autonomous car: it is a means to provide information farther than what the sensors can detect, and provides the necessary information for some configurations (NLOS conditions, such as in a urban intersection). The US DoT has shown that a connected autonomous car provides substantial safety benefits over non-connected autonomous cars [6]. Furthermore, advanced features, such as platooning and Cooperative Adaptive Cruise Control [8] will require a reliable V2V link.
· V2V is also a way to provide high-throughput, low latency safety and traffic efficiency applications between cars: for example, cars in a platoon can exchange low latency, high importance maneuver messages [8]; similarly, cars can exchange large amounts of live video data to enable services such as the see-through overtaking assistance system [9]. 
In order to provide both safety and traffic management services for the connected car, high-throughput, high reliability, low-latency V2V links will need to be supported. They will require improvements from what is being standardized in Rel-14: in particular, much higher bit rates than what will be supported in Rel-14 will be needed. This may require the deployment of MIMO techniques, either in mmW or microwave (uW) domain. Relatively large dimensions of vehicles allow for antenna placement that can enable spatial diversity and even interference reduction for particular use cases. Having multiple antennas placed on different locations on a vehicle can ensure that shadowing caused by other vehicles in V2V communication is alleviated or even mitigated. In addition to antennas on the roof, vehicles can employ bumper antennas for directional bumper-to-bumper communication for specific applications such as platooning, thus reducing the interference on other antennas.
In addition, it is likely that the current broadcast mechanism will not be sufficient. Unicast links will need to be supported, with feedback from the destination to the source.
Proposal 2: RAN1 studies MIMO techniques and unicast transmission with feedback for high bit rate V2V techniques
Note that TDD transmission may be more suitable than FDD for the V2V link, since it would reduce the need for feedback and would reduce the inherent latency with a feedback link.
RAN1 evaluation work
As described, the connected car requires RSU nodes and a strong V2V component. In addition, the connected car is a challenging 5G application in terms of latency, mobility, coverage, etc. It is thus necessary for RAN1 to conduct a thorough analysis of the connected car to make sure that 5G can meet the needs of this market. RAN1 should define a set of challenging simulation evaluation scenarios for the connected cars covering all anticipated deployment scenarios.
Proposal 3: RAN1 to define evaluation scenarios, methodology, and parameters in order to evaluate communication with the connected car
[bookmark: _Ref129681832]Flexible frame and adaptive transmission for ultra-reliable V2X communication
Safety will be a key requirement for a large number of use cases of the connected car such as cooperative lane merging, platooning, intersection control, emergency warning. For such kind of critical V2X communication, ultra-reliable low-latency communication will be required to guarantee QoS. However, providing a certain amount of data with a very high probability and within a strictly predefined time limit will be challenging, especially due to the highly time-variant and dispersive radio channel, potentially insufficient coverage and dynamic network topology. Targeting ultra-reliable low-latency transmission on L1 by using a frame structure as in legacy LTE cellular systems faces following shortcomings:
1. Long frame duration, which does not meet low latency requirements and usually does allow packet retransmissions.
2. Significant drop of the spectral efficiency due to the required robust modulation and coding schemes to ensure low enough packet error rates. 
3. High overhead for feedback and signaling for adapting to the highly time-variant V2X channels. 
Therefore, the frame structure and transmission scheme should be flexible in order to provide reliability and latency requirements without sacrificing spectral efficiency and further be adjustable to the V2X channel conditions. Some analysis of the reliability-latency tradeoffs and a flexible pilot allocation method can be found in [4]. In order to avoid feedback and signaling overhead, transmission schemes using the channel reciprocity during short consecutive bidirectional V2V transmissions are good candidates for deployment. 
Observation 5: legacy cellular frame structure is suboptimal for ultra-reliable low-latency V2X communication and cannot address latency requirements for the connected car
Therefore, we propose the following:
Proposal 4: RAN1 needs to investigate a flexible frame structure and adaptive transmission schemes for ultra-reliable low-latency communication over V2X channels

Interworking between 5G NR and LTE
As has been pointed out in the previous sections, for connected car applications wide area coverage is needed, with no/very little coverage gaps. This is especially true for safety applications and cooperative driving. However the 5G NR base station will not be able to have significant coverage from day 1. Consequently, it is necessary to consider inter-working between 5G NR and LTE so as to provide ubiquitous services to vehicles even in situations that 5G NR is not available. 
Observation 6: Interworking between 5G NR and LTE is needed so as to provide ubiquitous services to vehicles
Proposal 5: To consider interworking between 5G NR and LTE (including both Uu and sidelink) for vehicle communications in the study. 
Coordination with SA1
Sections above give considerations from RAN1 view. As have been mentioned that SA1 has also started discussion on eV2X for Rel-15. In order not to have duplicated and possibly conflicting work from different working groups, we suggest RAN1 to align with or wait SA1 work for connected cars. 
Proposal 6: RAN1 to align with or wait SA1 work for connected cars.
Conclusions
Connected cars were discussed for 5G services. The following observations were drawn:
Observation 1: the connected car is relevant for all 3 sets of requirements identified by SA1
Observation 2: 5G networks will need to dynamically allocate the resources based on the vehicular traffic density and data traffic demands.
Observation 3: from a RAN1 perspective, the connected car is a challenging use case
Observation 4: the traffic demand from connected cars is anticipated to be very high
Observation 5: legacy cellular frame structure is suboptimal for ultra-reliable low-latency V2X communication and cannot address latency requirements for the connected car
Observation 6: Interworking between 5G NR and LTE is needed so as to provide ubiquitous services to vehicles
We propose the following:
Proposal 1: RAN1 needs to study how to communicate with RSUs:
· From/to the RSU to/from the car
· From/to the eNB to/from the RSU
Proposal 2: RAN1 studies MIMO techniques and unicast transmission with feedback for high bit rate V2V techniques
Proposal 3: RAN1 to define evaluation scenarios, methodology, and parameters in order to evaluate communication with the connected car
Proposal 4: RAN1 needs to investigate a flexible frame structure and adaptive transmission schemes for ultra-reliable low-latency communication over V2X channels
Proposal 5: To consider interworking between 5G NR and LTE (including both Uu and sidelink) for vehicle communications in the study. 
Proposal 6: RAN1 to align with or wait SA1 work for connected cars.
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