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Abstract: Intelligent reflecting surface (IRS) can effectively enhance channel quality and improve system capacity by
optimizing the phase of the reflection matrix, making the design of high-performance and low-complexity phase opti-
mization algorithms a critical issue. For the problem of maximizing the channel capacity in IRS-assisted multiple-
input multiple-output (MIMO) systems, a closed-form update formula for the real-valued phase of each IRS element

was derived directly based on the system capacity, which differed from the conventional approaches that targeted the
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channel gain. On this basis, two low-complexity phase optimization algorithms, namely fixed-step and adaptive-step

methods, were proposed. The adaptive-step algorithm further accelerated convergence by dynamically adjusting the

phase update magnitude while maintaining the capacity performance of the fixed-step algorithm. Simulation results

demonstrate that, under the transmit power of 10 dBm and with 100 IRS elements, the proposed algorithm achieves a

capacity improvement of approximately 5 bit/s over the dimensional sine maximization (DSM) method, with the num-

ber of iterations and average runtime reducing by 81.4% and 78.3%, respectively. Compared with the fixed-step algo-

rithm, the adaptive-step algorithm further reduces the number of iterations and average runtime by 49.2% and 42.1%

without sacrificing the capacity performance, and exhibits more pronounced low-complexity advantages in large-scale

IRS deployments.

Key words: IRS, MIMO, phase optimization, low complexity
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