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cannot accurately match near-field spherical-wave channels, resulting in angular-domain energy leakage, multibeam
focal mismatch, and reflection-gain loss. To address these issues, a wavenumber-domain projection-based multibeam
design method was proposed for near-field XL-RIS multiuser communications. First, continuous-aperture near-field
channel and constant-modulus reflection models were established to characterize spherical-wave propagation and the
basis mismatch induced by the far-field assumption. Second, a finite-dimensional wavenumber-domain equivalent ma-
trix was constructed through projection onto two-dimensional Fourier wavenumber bases. The dominant propagation
modes were retained via low-wavenumber truncation, and an upper bound on the truncation error was derived. Fi-
nally, under the passive constant-modulus constraint, the minimum user spectral efficiency was maximized, and a
block coordinate descent and majorization-minimization (BCD-MM) algorithm was employed to achieve joint focus-
ing for multiple users. The system performance improved with the signal-to-noise ratio, decreased as the number of
users increased, first increased and then approached saturation as the wavenumber truncation radius increased, and im-
proved with the XL-RIS aperture area. The proposed method provides a design approach that balances performance,
low-dimensional representation, and physical interpretability for adaptive XL-RIS multibeam reconfiguration based
on channel and location information in 6G endogenous-intelligence networks.

Key words: extremely large-scale reconfigurable intelligent surface (XL-RIS), near field, multi-beam, wavenumber

domain, constant-modulus constraint
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