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Codebook-Based Downlink Beamforming with
Imperfect CSI Using Model-Driven Deep Learning
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Abstract: In this talk, we address the challenge
of energy-efficient codebook-based downlink
beamforming in multi-user multiple-input single-
output wireless systems under imperfect
channel state information (CSI). While existing
model-based optimization algorithms typically

assume perfect or mean CSI, leading to
performance degradation and quality-of-
service violations under channel estimation

errors or quantized CSI feedback, conventional
deep learning approaches with generic neural
architectures suffer from poor data efficiency
and lack of explainability. To overcome these
limitations, we propose a novel model-aided
deep learning approach that unrolls an optimal
iterative  algorithm for codebook-based

a graph neural network to predict unforeseen

interference patterns  caused by CSI
imperfections. The framework includes a
differentiable approximation of outage

probability constraints and a novel adaptive
approximation scheme to maintain targeted
quality of service levels. Extensive numerical
results demonstrate that our approach achieves
the target outage probability while adapting to
varying CSI quality, outperforming both
conventional model-based methods and
generic deep neural networks in terms of power
efficiency and computational cost. The
proposed architecture exhibits strong
generdlization capabilities across different user
configurations and CSI degradation scenarios,

beamforming, incorporating adaptive outage
probability constraints through learnable
parametric functions. Our architecture
leverages uplink-downlink duality and employs

making it particularly suvitable for practical
deployment in systems with codebook-based
hybrid beamforming structures.
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