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Abstract:  This paper proposes an extremely large-scale reconfigurable intelligent surface (EL-RIS)-empowered hy-
brid multicast-unicast covert communication system to overcome the “double-fading” effect and energy leakage issues in
conventional RIS-assisted systems. By leveraging its massive array scale, the EL-RIS significantly expands the near-field re-
gion. This expansion not only enhances the user channel gain but also introduces a distance-degree of freedom for covert
communication, thereby substantially reducing the signal energy leakage to the eavesdropper. The multicast signal is used to
broadcast public information to multiple users, with its transmit power following a uniform distribution, creating power un-
certainty, while the unicast signal carries the users’ covert information. The multicast signal can provide a “cover” for the

covert transmission of the unicast signal, confusing the eavesdropper’s detection and effectively improving the covert rate.
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Energy focusing is achieved at the user locations via EL-RIS, while energy leakage at the eavesdropper is suppressed. To
maximize the system’s performance, we formulate a non-convex optimization problem that jointly designs the base station
beamforming and the EL-RIS reflection coefficients. Aiming to maximize the users’ covert sum rate under the constraints of
covertness and successful multicast signal decoding. An efficient alternating optimization (AO) algorithm is proposed,
which decouples the original problem into two subproblems base station beamforming optimization and EL-RIS reflection
coefficient optimization. The weighted minimum mean square error (WMMSE) algorithm is employed to reformulate the
objective function, transforming the non-convex constraints into second-order cone (SOC) forms, and further representing
them as linear matrix inequalities (LMI), thereby reducing the complexity of the optimization problem. For the design of EL-
RIS reflection coefficients, the unit-modulus constraints render the problem non-convex and computationally challenging.
To address this, a low-complexity algorithm based on the alternating direction method of multipliers (ADMM) is proposed.
By introducing auxiliary variables, the original problem is decoupled. Subsequently, an augmented Lagrangian function is
constructed to decompose the problem into multiple tractable subproblems, thereby enhancing the algorithm’s computation-
al efficiency. Simulation results demonstrate that the proposed scheme significantly outperforms benchmark schemes in
terms of covert communication rate, unicast signal energy can achieve focusing at the user locations. Under the near-field
channel model, the beam focusing realized by EL-RIS improves the covert sum rate by 57% compared to the far-field mod-
el. Increasing the number of EL-RIS units can further extend the near-field region, enhance the beam focusing effect, and

improve the communication system’s robustness against changes in the eavesdropper’s location. Even in extreme eavesdrop-

ping scenarios, the system can maintain a high covert communication rate.
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