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Summary—This work explains the White Rabbit Network
system using a single-mode fiber of 400 km over a dual 100 GHz-
grid optical channel in CESNET. The work highlights especially
the alternative spectral bands use for time transfer and the
infrastructure operational costs and time can be reduced.
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I. INTRODUCTION

White Rabbit (WR) system by CERN [1] generally
provides a time synchronization facility. The bidirectional
transmission in single-mode fiber [2] and Precise Time
Protocol (IEEE-1588) combination follows in this experiment.
Typically, WR-LEN devices are dedicated to transmitting
frequency from Master to Slave [3]. WR needs precise
measurement to provide time >1 nanosecond. WR for long-
distance bi-directional transmission typically gets noise
accumulation for optical amplification to be on fixed
wavelengths [4,5]. For the reduction of this noise
accumulation issue for long-distance systematic improvisation
has been used in this experiment to make regeneration of
timestamps over long-distance fiber links [6].

II. MATHEMATICAL EXPRESSION

For long-distance, WR transmission fiber delay asymmetry
coefficient occurs. An optical fiber delay asymmetry
originates by chromatic dispersion affecting the velocity of
light in the fiber depending on the wavelength of the light.
Fiber delay asymmetry in long-distance WR transfers
recommends maintaining the spacing between Ous and Osm as
small as possible [7].

WR transmission method is a two-way time transfer that
comprise a pair of WR devices, optical fibers, and optical
amplifiers in this work. WR devices are composed of a WR
master, and the other is a WR slave. WR devices effectuate
over a single fiber, using one wavelength for forwarding data
from master to slave Aus and, the other wavelength Asu for
slave to master, to evade significant delay between the
forward and reverse path of the two-way time transfer. The
wavelengths are picked distinctly from each other to avoid

false measurements of the round-trip time (rtt) from back-
reflected signals [8]. To transfer precise time packets and
recover the original WR master timestamps at the WR slave
side, the one-way propagation latency in the link is measured
from a rtt measurement.

Calibration of fiber delay asymmetry formed over-
performing two delay measurements in which the forward
wavelength Avs and reverse wavelength Asm exchanged.

WR convention corrects the 1PPS output signal of the WR
slave to compensate for the path delay from the master to
slave. The required correction is half of the measured round-
trip-time from master to slave and back to master. This means
that if the fiber delay from master to slave Ous for wavelength
Avs equals the fiber delay from slave to master dsv for
wavelength Asm, the 1PPS output from the WR slave would be
aligned with the 1PPS output from the WR master. And, vice
versa, if Ous is smaller than Osm, the applied delay correction
from the WR protocol is more than the actual Ous and
therefore, the output 1PPS of the WR slave is a bit ahead of
the 1PPS output from the WR master [9].
The fiber delay asymmetry parameter, o, which is available in
the WR system for the delay difference and is defined by:
= % (1) [10]
Here, o can be determined as the corrected rtt measurement
for the long-distance WR links.

III. METHOD AND RESULTS OF THE EXPERIMENT

This project set-up exists with two WR-LEN devices
configured as master and slave where we have used a pair of
1.25 Gbps Small Form Pluggable (SFP) transceivers with
channel 8 and channel 9 of Dense Wavelength Division
Multiplexing (DWDM) wavelengths 1571 nm and 1570 nm as
shown in Fig.1.
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Fig.1. Experimental line set-up using WR-LEN devices and EDFAs
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The 400 km fiber line is attenuated by three L-band (long
band) BiDi (bidirectional) Erbium-Doped Fiber Amplifier
(EDFA) in a single path for bidirectional transmission in fiber
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Fig.2. MADEV plot for 400 km fiber at 1570 nm wavelength
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Fig.3. TDEV plot at 1570 nm wavelength
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Fig.4. MTIE for 400 km fiber line

Modified Allan Deviation (MADEYV) in Fig.2., Time Stability
(TDEV) in Fig.3., and Maximal Time Interval Error (MTIE) in
Fig.4. have been realized in this experiment.

IV. CONCLUSIONS

Results from the experiment reflect our achievement of
using

the regeneration technique to eliminate noise

accumulation. TDEV plot shows the increasing rate for time
averaging >2000 s. Hence, this technique has the possibility to
deploy in live network infrastructure and ease the operational
cost and time [11].
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