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ABSTRACT

Shannon’s information theory analyze the capacity in only one dimension of time among the four-dimensional
electromagnetic field signals between the source and destination, even though mobile communication systems
use a four-dimensional electromagnetic field including one time dimension and three spatial dimensions.
However, multiple input multiple output (MIMO) technology continues to evolve and develop, but the
electromagnetic phenomenon caused by antennas are not sufficiently considered in the standardization and
design processes. In other words, Shannon’s information theory can be seen as providing a theoretical limitation
that is effective in wireless communication systems, which do not realistically utilize the degree of freedom (DOF)
in three-dimensional electromagnetic space. In this paper, we analyze and summarize research trends in
electromagnetic information theory (EIT), which integrates the information theory with mathematical
abstraction with the effects of the continuous four-dimensional electromagnetic field and the physical
phenomena caused by antennas. Specifically, we discuss the following topics: the spatial bandwidth in a
scattered field environment; the circuit-theoretical multiport model that bridges the physics of
electromagnetic fields with the mathematical representation of information theory; the integration of the
electromagnetic principles of Maxwell's equations into signal processing methodologies and communication
theories, such as MIMO antenna systems; and the study of electromagnetic information capacity from an
electromagnetic perspective rather than Shannon’s channel capacity from a mathematical perspective. This
electromagnetic information theory will basically represents a new research direction that reflects three-
dimensional electromagnetic phenomena beyond the probabilistic channel model based on an antenna
array of isotropic point sources typically used in MIMO performance analysis. Additionally, this theory is
expected to facilitate a more realistic optimal design by sufficiently accounting for the physical phenomena
of electromagnetic fields in performance analysis, including extreme MIMO, orbital angular mmentum

(OAM), reconfigurable intelligent surface (RIS), and holographic MIMO for 6G.

KEYWORDS 6G, Channel Capacity, Electromagnetic Information Theory, Hartley, Maxwell Equation, MIMO, Shannon,
Spatial Bandwidth, Spatial Degree of Freedom
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DoF Degree of Freedom

EIT Electromagnetic Information Theory
MIMO Multi-Input Multi-Output

OAM Orbital Angular Momentum

RIS Reconfigurable Intelligent Surface
SDoF Spatial Degree of Freedom

SSD Spatial Spectral Density
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