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Abstract: Integrated Sensing and Communication (ISAC), as a key vision for 6G, aims to fuse communication and
sensing through deep sharing of spectrum and hardware. Driven by the ten core challenges in this field, this paper
presents a systematic survey along the theory - technology - application thread. At the theoretical level, from a joint
information-theoretic and estimation-theoretic perspective, the capacity - distortion function and the Cramér - Rao
bound are employed to characterize the fundamental performance trade-off, and a multi-dimensional trade-off analy-
sis framework is constructed. At the technical level, the lineage of waveform design methodologies is systematically
reviewed; the non-ideal factors and limitations of existing countermeasures for sensing with 5G New Radio signals
are assessed, and recent advances in receiver-side super-resolution processing are summarized. Furthermore, enabling
technologies including reconfigurable intelligent surfaces, unmanned aerial vehicle swarms, millimeter-wave/tera-
hertz, and sparse MIMO are explored, revealing their efficacy in addressing core challenges through mechanisms such

as blind-spot compensation, channel coupling control, and breaking aperture limits, while their practical opportunities
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and bottlenecks are discussed. At the network level, the architecture of perceptive mobile networks and the paradigm

shift from interference management to interference exploitation are analyzed, and the new requirements for cross-

layer protocols and resource management are examined. Finally, the proposed solutions are deployed in three typical

scenarios—low-altitude economy, Internet of Vehicles, and smart factories—for closed-loop validation, and a forward-

looking outlook is provided on the theoretical challenges, hardware bottlenecks, and standardization directions that re-

main to be tackled.
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