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Problem Formulation

It is a challenge to extend the measurement of precision synchronization 
across geographically distributed systems.

• PTP is designed for Local Area Networks
• Requires PTP compliant switches such as transparent clocks and boundary clocks
• For a long-distance signal transmission, speed of light becomes a consideration 
• Global navigational satellite system can provide a solution however, the 

measurement will rely on the specs provided by the constellation
• A method is needed to constantly gauge and validate the global synchronization 

between the set of local area networks, equipped with PTP
• New technologies such as miniaturized atomic clocks may provide a potential 

solution



Background

PTP takes advantage of:
• Hardware Timestamping
• Compliant Switches
• Higher message rates

These are not available/guaranteed across a wide area network
GNSS (GPS, BeiDou, GLONASS, GALILEO,…) are capable to deliver time

• Time of the day
• 1 Pulse Per Second

Relying solely on GNSS carries risk
• It gets delivered via an antenna

Atomic clocks provide better holdover performance
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Distributed Test Setup
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Over WAN Setup
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Discussion

• It is challenge to measure synchronization across a geographically distributed
system
• A portable and miniaturized atomic clock provides a more reliable holdover 

performance
• Relying on GNSS for synchronization assumes correctness in the constellation 

and may require validation
• Using PPS input and PHC snapshot provides a trivial method for synchronization 

benchmarking
• A sync matrix can show any possible synchronization discrepancy across the 

network:
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Conclusion

• It is necessary to validate the synchronization accuracy of a GNSS 
constellation
• Miniaturized atomic clock provides a method to validate 

synchronization across geographically distributed system
• Using the external time stamping of the NIC is a reliable and scalable 

solution for measurement of synchronization 
• Using the Sync Matrix, the validity of synchronization can be verified 


