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Abstract

Radio networks have been evolving from communication-only wireless connectivity
to a network for services, which will enable new business models and user experi-
ences for emerging industrial applications. Many of these applications, including
automotive, industrial automation, public safety and security tasks, will require in-
formation retrieval relating to mobile devices and objects through radio sensing.
Radio sensing here refers to the process of information extraction for objects of in-
terest in the surrounding environment that is covered by radio signals. We call the
evolutionary mobile network with both communication and radio sensing functions
as a perceptive mobile network. Such joint functions can be promoted as one of the
core components in future 5G/6G standards.

The parametric values regarding moving objects, human movement, and any
change in the environment surrounding the user equipment are embedded with the
wireless signal and this enables the possibility of using the cellular signal for in-
formation extraction. As both wireless communication and radar system exhibit
similar receiver front-end architecture at high frequency, it triggers the concepts of
joint communication and radio sensing (JCAS) operation. In that circumstance, a
unified platform can introduce shared hardware between two functions, which even-
tually implies reduced size, cost and weight. The main purpose of this doctoral
study is to analyse the radio sensing capability of a mobile network and design the
framework for joint operation. The thesis aims to design advanced signals and pro-
tocols that allow communications and sensing to be better implemented jointly and
benefit from each other efficiently. An additional goal is to investigate the existing
sensing parameter estimation processes and their suitability in signal processing for
JCAS operation.

The thesis provides a general framework for the envisioned perceptive mobile net-
works that enable radio sensing using downlink and uplink mobile signaling, by con-
sidering future mobile network architecture and components, practical sophisticated
communication signal format, and complicated signal propagation environment. The
thesis discusses the required modifications and upgrades to existing mobile networks
to facilitate JCAS functionalities. One and multi-dimensional compressive sensing
techniques are successfully employed for estimating the parameters of the sensed
scene, following the state of the art, by applying orthogonal frequency-division mul-
tiplexing (OFDM) based multi-user multiple-input multiple-output (MIMO) signal
model. The simulated results presented here demonstrate reasonable performance
in radio sensing using perceptive mobile networks. The research works shown in this
thesis indicate the feasibility of the perceptive mobile network and provide a way to
proceed.
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