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Abstract: For the beamforming design problem of frequency-division duplex (FDD) massive multiple-input multiple-
output (MIMO) low earth orbit (LEO) satellite constellations, a two-stage beamforming (TSB) scheme based on combina-
torial multi-armed bandit (CMAB) was proposed. In the first stage, to overcome the challenges of channel state informa-
tion (CSI) estimation and reduce pilot overhead, multi-armed bandit (MAB) is employed, which does not require CSI and
can interact with the environment to balance exploration and exploitation. The analog beamformer design problem is
transformed into the arm selection problem in the CMAB, and the arm selection problem is further converted into a 0-1 in-
teger linear programming problem using the Upper Confidence Bound (UCB) strategy. In the second stage, considering
that instantaneous CSI can become outdated, a digital multi-user precoder is designed based on historically sampled re-
ceived signals to alleviate inter-user interference. The proposed scheme achieves logarithmic regret growth over time.
Simulation results show that, compared with existing instantaneous CSI-based beamforming schemes for LEO satellite
constellations, the proposed scheme significantly outperforms in terms of average effective sum rate.
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