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Abstract

This study presents an advanced time synchronization infrastructure for efficient spectrum utilization. By enabling
coordinated transmission timing, the proposed infrastructure facilitates spatial separation based on radio
propagation delays and signal directivity. To establish this infrastructure, we developed a miniature atomic clock
using a component-level, wafer-process-based approach and formulated a mathematically grounded distributed time
synchronization algorithm, which was implemented and validated on hardware. The infrastructure was further
extended to wireless time synchronization, demonstrating communication performance improvements and indicating
its potential for spatial synchronization and multi-point localization in dynamic environments.
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