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Abstract: Based on the 3GPP specifications and ITU-R standardized channel models, in direct-to-satellite smartphone
scenarios, the satellite channel is dominated by the energy of the line-of-sight (LoS) path. Consequently, its delay spread
is significantly smaller than that in terrestrial non-line-of-sight (NLoS) environments, exhibiting strong sparsity in the dis-
crete delay domain. Due to the lack of structural constraints, the conventional least mean squares algorithm is highly sensi-
tive to noise fluctuations on zero taps in the steady state, resulting in slow convergence and high steady-state error. There-
fore, building upon the zero-attracting LMS (ZA-LMS) and reweighted zero-attracting LMS (RZA-LMS), this paper pro-
poses an improved sparse least mean squares algorithm with a rational-function penalty, termed rational least mean
squares (Rational-LMS), and derives its stochastic gradient descent-based weight update equation. By exploiting the high-
sensitivity gradient of the rational-function penalty near the origin and its rapid attenuation in the large-coefficient region,
the proposed algorithm effectively suppresses noise components while ensuring stable convergence of the equalizer coeffi-

cients, thereby yielding a regularization effect that is mathematically closer to the ideal /-norm constraint. Furthermore,
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an adaptive parameter update mechanism is introduced to dynamically adjust the sparsity penalty factor according to the

instantaneous error, thereby achieving faster convergence and lower steady-state mean squared error (MSE). Theoretical

analysis and simulation results demonstrate that, in sparse channel environments, the proposed Rational-LMS outper-

forms ZA-LMS and RZA-LMS in terms of both convergence rate and steady-state MSE performance.
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