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Abstract: As the Open Radio Access Network (O-RAN) for Sixth Generation mobile communication technology
(6G) evolves toward intelligent autonomy, the "black-box" nature of highly relied-upon Artificial Intelligence (AI)
models conflicts with the requirement for transparent and trustworthy decision-making. The deep integration of eX-
plainable AI (XAI) is essential to demystify this black-box, achieve transparent decision-making, and construct a trust-
worthy autonomous network. This paper provides a comprehensive review of XAl research in 6G O-RAN and pro-
poses a multi-layer integrated deployment framework and roadmap: we expound on the O-RAN architecture and XAI
deployment logic; analyze implementation paths and typical applications across radio resource management, network
slicing, network security enhancement, intelligent collaboration, and zero-touch operation; discuss technical chal-
lenges, including the trade-off between explanation computational overhead and real-time requirements, the lack of
unified evaluation standards, interface-induced coordination constraints, and data privacy risks; and explore future

trends, such as lightweight XAl algorithms, neuro-symbolic causal reasoning models, closed-loop autonomous mecha-
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nisms, and interdisciplinary integration, offering insights for constructing intelligent, transparent, and secure 6G trust-

worthy autonomous networks.

Key words: 6G, O-RAN, XAI, Network Intelligence, Transparent Decision-Making, Trustworthy Autonomous

Networks
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