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Abstract: To address the difficulty of conventional fixed antennas in simultaneously ensuring satisfactory coverage per-
formance for both aerial users (AUEs) and ground users (GUEs) in low-altitude intelligent networks, a three-dimensional
(3D) coverage optimization method based on a reconfigurable waveguide-fed pinching-antenna (PA) system is proposed.
First, by jointly optimizing PA positions along the waveguides and the waveguide power allocation, a coverage optimiza-
tion model is formulated to maximize the weighted spectral efficiency of AUEs and GUEs, subject to the total system
power constraint, the minimum signal-to-interference-plus-noise ratio (SINR) constraints of users, and the PA geometric
constraints. Second, to address the non-convexity and non-smoothness caused by the discrete association between users
and waveguides, a soft association mechanism is introduced to obtain a smooth approximation of the optimization prob-

lem, while a variable-shift transformation is employed to effectively handle the PA geometric constraints. Finally, a joint
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optimization algorithm for PA positioning and waveguide power allocation is developed based on the primal—dual pro-

jected gradient method. Simulation results demonstrate that the proposed algorithm can significantly improve the SINR

and spectral efficiency of both AUEs and GUEs, thereby achieving balanced 3D coverage enhancement.

Key words: Pinching antenna system, PA position optimization, waveguide power allocation, 3D coverage optimization
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