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Subspace-Orthogonal Channel Estimation and Localization for RIS-assisted SIMO Systems

LI Shuangzhi, WANG Zhen, GUO Xin

(School of Electrical and Information Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract; In reconfigurable intelligent surface ( RIS)-assisted single-input multiple-output ( SIMO) systems, be-
cause the direct path and the RIS cascaded reflected path overlap at the receiver, channel parameter estimation and
user localization face high computational complexity and high pilot overhead. To address this challenge, a two-stage
low-pilot-overhead channel estimation and localization method was proposed based on subspace-orthogonal separa-
tion. In the first stage, an orthogonal projection matrix of the direct channel subspace was constructed. Then the re-
ceived signal was projected onto its orthogonal complement space. This effectively separated the direct path from the
RIS cascaded reflected path. After that, key channel parameters such as spatial frequencies and delays were extrac-
ted by methods such as rank-one approximation. In the second stage, the geometric constraint relationship between
the channel parameters and the three-dimensional coordinates was used to estimate the user’s 3D position. Theoreti-
cal analysis showed that by subspace decoupling and channel parametric representation, the proposed algorithm
could complete both channel estimation and localization with only a small number of pilots. Simulation results
showed that the proposed algorithm achieved decimeter-level localization accuracy at 0 dB. Under different condi-
tions, both the parameter estimation performance and the localization error could closely follow the theoretical lower
bounds, verifying the statistical efficiency and robustness of the algorithm.

Keywords: millimeter-wave communication; channel estimation; subspace orthogonality; three-dimensional locali-

zation ; reconfigurable intelligent surface ( RIS)
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