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Design and Optimization of User—centric 6G Networks with
Reconfigurable Intelligent Surfaces
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ABSTRACT

As a new paradigm for 6G communications, reconfigurable intelligent surface (RIS)
has admirable properties that enable the dynamic control of electromagnetic waves,
thereby attracting significant attention from both industry and academia. Moreover,
the user—centric network highlights the personalized allocation of network
resources to meet the requirements of each individual mobile device, which sheds
light on future mobile transmission and the corresponding service delivery. Due to
this characteristic, RIS is expected to play a crucial role in the evolution of
user—centric 6G network systems. However, tailoring RIS into these systems to meet
user requirements is still an open challenge. Therefore, this dissertation aims to
provide a vision of realizing user—centric 6G network with RIS, specifically
focusing on how to provide customizable and sustainable communication for a user—
centric 6G.

In this dissertation, three major tasks are proposed on the various RIS-assisted
wireless communication scenarios. The first task focuses on optimizing RIS
deployment to maximize network coverage and ensure a consistent user experience
across various environments. By strategically placing RISs, we can enhance coverage
rate and provide seamless connectivity to users regardless of their locations. The
second task aims at optimizing RIS beamforming directions based on user demands to
enhance resource utilization efficiency. By leveraging real-time traffic
prediction, RIS units can dynamically adjust their configurations to match user
needs, providing efficient and targeted communication for users in static and
mobile scenarios. Finally, the third task addresses the challenge of user mobility
by optimizing Quality of Experience (QoE) for mobile users through adaptive RIS
beamforming. This task is divided into two parts. The first part focuses on virtual

reality (VR) scenarios, where RIS is used to dynamically adjust beamforming to



maintain high QoE for users moving within VR environments. The second part focuses
on the Internet of Robotic Things (IoRT) scenarios, where RIS is employed to ensure
reliable communication and effective control of robotic devices as they navigate

through complex environments.
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