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Disseminating UTC(NRC) to remote users with nanosecond precision
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Abstract—We present a system and service for traceable time
dissemination of UTC(NRC) to users across Canada. The time
synchronization is based on the GPS common-view method and
we achieve uncertainties of nanoseconds, long holdover times and
performance monitoring for jamming detection.

Keywords—traceable time; remote time dissemination

I TRACEABLE TIME

In recent years, the demand for accurate time with
uncertainties reaching into the sub-microsecond range has
become a requirement for the new technology development in
5G wireless communication, smart power grids and
autonomous navigation. In the financial sector, new regulatory
requirements for traceable timestamping of financial
transactions also drive the demand for access to accurate time
sources. In the recent past, several National Metrology
Institutes (NMI) started the development of time dissemination
services to remote clients with sub-microsecond accuracy and
satisfying rigorous traceability requirements [1, 2, 3]. These
services rely on two different technologies: direct connection
to the client via a dedicated telecommunication data link; and
GNSS-based time synchronization. We, at NRC, have
developed a GPS common-view based time synchronization
service that provides a 1PPS time signal synchronized to
UTC(NRC) at different locations across Canada.

II.  SYSTEM DESIGN AND PERFORMANCE

The new NRC time dissemination tool, NRC TimeLin
is based on a high quality rubidium frequency standard (Rb)
and a GPS timing receiver (Rx). The TimeLink™ unit at a
remote location collects the measurement of the time offset
between Rb and Rx , compares these measurements with the
data collected at the NRC main lab in Ottawa, and applies
corrections to the Rb output 1PPS and frequency to keep the
IPPS output of the NRC TimeLink™ unit synchronized to
UTC(NRC). Every link in the time transfer chain between
UTC, UTC(NRC) and the remote unit is calibrated, it’s
uncertainty is evaluated, and the performance is continuously
monitored. There are several major contributors to the
uncertainty budget: the GPS receiver delays; the time interval
counter delays; and the phase and frequency servo algorithm
that ensures the reliable operation of the Rb in the remote unit
with long holdover times.

™
k 5

We use commercial single-frequency GPS timing receivers.
We first calibrate the receiver’s internal offset at the NRC main
laboratory in Ottawa. Based on the ongoing key comparison,
CCTF-KO001.UTC, and the NRC GNSS receiver calibrations

[4] we measure the offset of the TimeLink™ GPS 1PPS from
UTC(NRC) and compare it with the values obtained with our
calibrated Septentrio receiver NRC4.

We operate the TimeLink™ GPS in self-survey mode and
test its performance with different GNSS antennas we have
available to provide a representative sample of typical timing
equipment used for commercial applications. We also compare
the receiver performance when it is connected to different
antenna types to evaluate the time offset uncertainty when the
NRC TimeLink™ unit is installed at a client location using the
antenna available at the site. In addition we evaluate the
variations between different receiver units and their ageing.

Several other delays in the system are individually
calibrated: the time interval counter used for the measurement
of the Rb offset from Rx, delays introduced by 1PPS signal
cables, distribution buffers, and switches. These delays all have
been measured and accounted for in the device configuration
settings.

For the purpose of the system testing, we installed one
NRC TimeLink™ unit (RCO01) in our main laboratory and
evaluated the performance of the time transfer algorithm. The
goal was to synchronize the output of RC001 to UTC(NRC).
Figure 1 shows the measurement result, UTC(NRC) — RC001,
collected over 19 days of uninterrupted operation. The offset is
under 1 ns and the Alan Deviation follows white phase noise,
averaging down to 1 X 1071* in one week of measurements.

For an NRC TimeLink™ unit installed at a remote client
site with client calibrated antenna and antenna cable, the total
uncertainty budget for the synchronization to UTC(NRC)
includes the GPS receiver uncertainties and the time interval
counter and equipment delay uncertainties and is well under
50 ns with k=2 coverage factor.

The GPS signal levels are continually detected and
monitored. In case of sudden jumps, signal level changes, or
other unusual performance, the NRC TimeLink™ switches to
holdover mode, where the Rb is free running. This helps
protect the time signal performance from jamming and
spoofing.
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Fig. 1. NRC TimeLink™ performance testing. The average offset of the test

unit RCO01 from UTC(NRC) was 0.6 ns and the standard deviation 3.6 ns.
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