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Abstract: By introducing a small number of active elements into conventional intelligent reflecting surfaces (IRSs),
semi-passive IRSs can effectively alleviate the challenges of channel estimation, thereby enhancing the practical de-
ployability of IRSs. However, existing studies have not systematically investigated the impact of active element de-
ployment strategies on channel estimation, which makes it difficult in practice to jointly balance estimation accuracy,

the number of active elements, algorithmic complexity, and pilot overhead. To address this issue, this paper exploits
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the low-rank prior of the channel matrix together with the Toeplitz structure of its covariance matrix, and proposes a

low-pilot and low-complexity super-resolution channel estimation scheme for semi-passive IRS systems. Numerical

results demonstrate that, by leveraging low-rank matrix completion theory and the structural properties of Toeplitz ma-

trices in the sampling design, the proposed scheme can selectively configure the locations and number of active ele-

ments, thereby reducing pilot overhead and enabling super-resolution estimation of channel parameters, while signifi-

cantly lowering the computational complexity compared with existing methods.

Key words: Semi-Active Intelligent Reflecting Surface, Toeplitz Structure, Super-Resolution Channel Estimation,
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