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Abstract: In extremely large-scale multiple-input multiple-output (XL-MIMO) systems, accurate acquisition of
hybrid-field channel state information (CSI) remains one of the key challenges for high-rate transmission in future 6G
networks. To overcome the accuracy limitation caused by fixed grid partitioning in conventional hybrid-field channel
estimation schemes, a two-stage off-grid hybrid-field channel estimation algorithm was developed. In the first stage,

the far-field angular domain and near-field polar domain were jointly sparsely represented. By traversing the ratio be-

Wi EER: 2026-01-08; EEBHA: 2026-02-01

WIE1EE: #H, 2269979662@qq.com

HEEWMB: EXTHARSESONLERAGES CPEEM FIHIH (No.CSTB2023NSCQ-LZX0114)

Foundation Item: Chongging Natural Science Foundation Innovation and Development Joint Fund (SatNet) (No. CSTB2023NSCQ-
LZX0114)



m

« 16

tween far-field and near-field paths and allocating the path quota, sparse gradient pursuit was applied to a joint diction-

ary to alternately search for far-field and near-field atoms, while an incremental residual update based on a row-wise

least meansquare (LMS) algorithm was employed to obtain a coarse estimate of the hybrid-field channel. On the basis

of the initial support, a Newton iteration combining numerical gradients and line search were used to refine continu-

ous parameters such as path angles and distances by the second stage, thereby reconstructing the complete hybrid-

field channel. Simulation results demonstrate that, for different signal-to-noise ratios and numbers of user antennas,

the normalized mean square error (NMSE) of the proposed scheme is consistently lower than that of conventional

hybrid-field channel estimation algorithms, and it achieves a performance gain of 1.5~3 dB compared with an existing

off-grid stochastic gradient pursuit (SGP) algorithm.

Key words: extremely large-scale multiple-input multiple-output (XL-MIMO), hybrid-field channel, channel estima-

tion, off-grid algorithm, incremental residual
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