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This paper presents the design principles and experimental demonstrations of
metasurface-based radio propagation control technologies for 5G and 6G wireless
communications. In high-frequency bands such as millimeter waves, radio propagation is
strongly affected by large free-space path loss and blockage, leading to unstable
communication quality in non-line-of-sight environments. Therefore, apart from advances in
base-station antennas and user equipment, approaches that control the propagation
environment itself have attracted increasing attention. Specifically, the fundamental principle
of radio wave control based on phase-distribution design is described, and methods to realize
required phase profiles using periodic unit-cell structures of metasurfaces are explained. Two
experimental case studies conducted by AGC are also introduced. The first case employs a
reflective metasurface to create a local 5G coverage area in an industrial factory, where radio
shadowing and non-line-of-sight conditions are dominant. The second case applies a
transmissive metasurface to a base-station antenna system, enabling functional beam shaping
such as downtilt control, cosecant-squared beam formation, and widened beam-scanning
angles. Simulation and measurement results confirm improvements in radiation
characteristics and estimated coverage areas. These results indicate that metasurfaces are
effective tools for spatial radio propagation control in high-frequency bands, with strong
potential for practical wireless system applications in future 5G Evolution and 6G networks.
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Fig. 1 Schematics of desired direction from the metasurface.
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Fig. 2 Schematics of unit cell structure of the metasurface.
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Fig. 6 Reflective directivity of reflective metasurface.
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