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Abstract: Against the background of rail transit development toward higher density, higher speed, and greater intelligence, the
deep integration of fifth-generation mobile communication technology (5G) and communication-based train control (CBTC)
systems has become a key path for improving operational efficiency. Focusing on core challenges in the integration process,
such as spectrum interference, latency jitter, mobility management, safety, and reliability, this paper deeply analyzes the
coupling mechanism between heterogeneous networks. By constructing a resource isolation architecture based on network
slicing, a collaborative scheduling strategy with dynamic priorities is proposed to achieve differentiated guarantees for control
services and sensing services. The study focuses on the signal propagation characteristics and anti-interference mechanisms in
the complex electromagnetic environment of tunnels, designs a fault-tolerant control model with fault self-healing capability,
and establishes an end-to-end defense-in-depth system. The proposed scheme aims to solve the stability bottleneck of
communication links in high-concurrency scenarios, provide theoretical basis and technical support for the safe and reliable
operation of metro signaling systems, and promote the transformation of urban rail transit toward intelligent operation and
maintenance.
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