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Beamforming by Active Inference in Integrated Sensing and Communication
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Abstract Beamforming techniques in an Integrated Sensing and Communication (ISAC) environment are considered in this
report.ISAC is a technology that integrates communication and sensing to improve spectral efficiency, reduce hardware costs
and reduce delay. ISAC is a technology that integrates communications and sensing to improve spectral efficiency, reduce
hardware costs and reduce delay. However, as communication and sensing share the same resources, there is a trade-off in
resource allocation and a solution to this challenge is needed. In this paper, a new approach based on active inference and
the free energy principle is proposed. Active inference is used to estimate the state of the environment using observed data
and minimise the error between prediction and observation, thereby establishing an efficient method to search for unknown
information while maximising communication performance. Furthermore, a beamforming technique using a hierarchical
codebook was introduced, and it was shown that the communication quality can be maintained while reducing the feedback
load through step-by-step search. In addition, the co-operative operation of upper and lower layer agents in the exchange of
information through co-operation between base stations is shown to be effective in quickly responding to dynamic changes in
the environment. Furthermore, it was suggested that a location-based beamforming technique could improve the accuracy of
channel state information estimation and enhance communication performance in a dynamic environment.

Key words Integrated Sensing and Communication, Active Inference, Position Estimation, Propagation Channel Estimation,
Coordinated Multi-Point
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