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Abstract: Conventional single-atom hybrid beamforming has limited representation capability in near-field extremely
large-scale multiple-input multiple-output (XL-MIMO) systems because of spherical-wave propagation and spatial
non-stationarity. A dual-resolution rate-oriented hybrid beamforming (DR?-HBF) algorithm is proposed. The algo-
rithm constructs local objectives from the spectral-efficiency gradient, jointly represents each beam using two atoms
and a constrained complex coefficient, and performs each update through two-stage Top-K candidate screening, hard-
ware projection, and validation based on the original rate objective. Simulation results show that the proposed algo-

rithm improves spectral efficiency under identical constant-modulus hardware constraints and enhances statistical ro-
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bustness under imperfect channel state information. Results obtained with amplitude-and-phase-adjustable architec-

tures further indicate that performance gains should be evaluated together with hardware cost.

Key words: near-field communications, extremely large-scale multiple-input multiple-output, hybrid beamforming,

dual-resolution representation, rate-oriented optimization
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