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ABSTRACT

Modern distributed systems—from data centers and telecom to industrial automation and loT—demand precise time
synchronization, often at sub-microsecond levels. However, the widespread use of Wi-Fi at the network edge poses
significant challenges to achieving this accuracy. Traditional wireless synchronization methods like IEEE 802.11 TSF and
RBS lack the precision, scalability, and robustness required. This presentation introduces a novel edge-integrated
synchronization framework that combines the Precision Time Protocol (PTP) over Wi-Fi with hardware-assisted
timestamping via TSF and peer-to-peer correction inspired by RBS. It leverages high-stability oscillators in edge nodes
acting as localized Grandmasters or Boundary Clocks, and incorporates concepts from Synchronous Ethernet to ensure
frequency stability. To overcome wireless impairments, the framework also includes algorithms to compensate for
oscillator drift, asymmetric delays, and timing attacks. This scalable, power-efficient, and secure approach is designed to
meet the needs of next-generation time-critical systems, such as smart infrastructure, autonomous platforms, and
coordinated sensor networks.
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