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ABSTRACT

The transition from 5G to 6G is closely tied to a shift from connectivity-centric infrastructures to
Al-native radio access networks. In these networks, machine learning is deeply integrated into the
architecture and operation of the wireless access segment, and learning-based functions span from
spectrum sensing and physical-layer signal processing to near real-time and non-real-time control
applications running in cloud-native controllers. This paper surveys Al/ML-based technologies for
wireless access networks, focusing on recent work in Al radio access networks (Al-RAN), open radio
access networks (O-RAN), RAN intelligent controllers (RICs), real-time dApps/xApps, digital twins,
and machine learning-based physical-layer receivers. Building on data and model assets such as
DeepMIMO for channel modeling, LiblQ for real-time spectrum analytics, and O-RAN-driven digital
twin platforms, we review online learning and reinforcement learning approaches for energy-
efficient resource allocation, mobilityand spectrum management as well as spiking neural network-
based receivers for low-power physical-layer processing. We also highlight the roles of explainable
and generative Al in making RAN intelligence trustworthy, sustainable, and easier to operate. Finally,
we identify future directions for designing Al-native wireless access networks.
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