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Toward fifth—generation mobile communications (5G) and beyond 5G, higher speed and higher capacity
communications are expected. To enhance the performances, higher frequency bands are developed.
Vehicle—to—Everything (V2X) is one of use cases and a typical V2X application is an autonomous—driving
car. To safely control an autonomous vehicle, a large amount of data exchange is required among vehicles,
road-side units and networks. Therefore, higher capacity communications using higher frequency bands is
needed. However, applying millimeter-wave bands to mobile communications has some issues. The typical
examples are smaller coverage areas caused by significant pathloss and Multiple—-Input Multiple—Output
(MIMO) stream reduction due to less scattering. To solve these issues, this research focuses to radio
resource redundancy. Firstly, the performance of millimeter-wave bands in mobile communications is
experimentally verified. 39-GHz band device with beam tracking is installed to a vehicle and evaluated
the performance. The evaluations clarify that mobile communication with high data rate is possible. On
the other hand, we also show that millimeter—wave bands have smaller coverage in non—line—of-sight (NLOS)
and limitation of spatial multiplexing. Secondly, to solve the issues, massive analog-relay MIMO is
proposed as redundancy of spatial resources. The proposed system can improve coverage in NLOS and enhance
the spatial multiplexing to a single user. Furthermore, relay—-beam tracking method utilizing cooperative
awareness message, which is one of intelligent transport system messages, is proposed. It is clarified
that the proposed method can obtain the benefit of massive analog-relay MIMO while keeping the overhead
of beamforming for analog relay. Finally, the redundancy of time resources is considered. The reception
quality is improved by transmitting the same radio signal using different time resources and combining
the received signals. Since latency is a concern in time redundancy, a fast retransmission method based
on 5G air interface is also experimentally verified. The experiment shows that redundancy of time resource
contributes to improvement of transmission success probability
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