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Abstract: The collaborative deployment of reconfigurable intelligent surfaces (RISs) and unmanned aerial vehicles
(UAVs) provides a promising technological approach to improving the coverage, transmission capacity, and service flexibil-
ity of future wireless networks. Its central challenge lies in the joint optimization of UAV trajectories, RIS phase-shift matri-
ces, active beamforming, and resource allocation variables. This problem is characterized by inter-slot coupling, high-dimen-
sional action spaces, nonconvex constraints, and dynamically varying environments. In large-scale or rapidly time-varying
scenarios, conventional methods based on alternating optimization, successive convex approximation, and semidefinite re-
laxation generally suffer from high iterative complexity, limited online adaptability, and a strong dependence on accurate
channel state information. Deep reinforcement learning (DRL) can formulate the joint optimization problem as a sequential
decision-making process, thereby providing a new approach to online policy generation in complex dynamic environments.
This paper presents a systematic review of DRL-based joint trajectory and phase-shift optimization in RIS-assisted UAV

communications. First, a unified optimization framework incorporating trajectory, phase-shift, and beamforming variables is
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established, and the key choices in Markov decision process (MDP) modeling are analyzed from the perspectives of action-

space design, state-space construction, and reward-function formulation. Existing studies are then classified into three tech-

nical paradigms according to the representation and decomposition of joint actions: discrete decision-making, continuous de-

cision-making, and distributed cooperation. Their algorithmic mechanisms, applicable scenarios, sample efficiency, conver-

gence stability, scalability, and implementation costs are comparatively examined. Four common bottlenecks are further

identified, namely limited scalability, idealized channel state information (CSI) assumptions, the simulation-to-deployment

gap, and the lack of fair benchmarking protocols. The comparative analysis shows that discrete methods are suitable for

small- and medium-scale RISs with low-bit phase-shift control, whereas continuous methods provide higher control preci-

sion but are constrained by high-dimensional policy learning and limited sample efficiency. Multi-agent methods are well

matched to distributed system architectures but introduce environmental nonstationarity and credit-assignment difficulties.

In large-scale scenarios, most existing approaches rely on structured dimensionality reduction or hybrid decomposition com-

bining DRL with conventional optimization, while strictly end-to-end joint optimization remains relatively uncommon. Fi-

nally, future research directions are discussed, including structured DRL architectures, offline reinforcement learning and

digital twins, standardized benchmarking platforms, near-field and terahertz communications, and integrated communica-

tion, sensing, and computing. This review provides a reference for subsequent algorithm design, performance evaluation,

and system deployment.
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Figure 1 Typical architecture of an RIS-assisted UAV communication system
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FABRSELR S, (A LAk IR R Ak A (6 bR 57 >
TR R, H A A AE Tl fa i LB B S8
TECRRAE A X AAIG, R e de B E A RIS-UAV B AR AE 11
FEFAEF o Zhang 25 AR Mei 25 A3 51 LA DDQN
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UAV X & U o R 5 80l Ak , 156 BH 3 0 4 ol A 28
C 4RI B8 S B 1 v SO SE 85 45 . S bRl A
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| 514 5E f9 TD3 5 SAC 44 % . Adhikari 25 APV 7R
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Table 2 Comparison of representative studies under three DRL technical paradigms
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Table 3 Theoretical comparison of three DRL technical paradigms
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Figure 3 Roadmap of future research directions for DRL-based joint optimization in RIS-assisted UAV systems
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