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Abstract

We demonstrate for the first time the coexistence of a quantum-channel and 8x200 Gpbs 16-QAM
optical channels with launching powers as high as -9dBm/channel in a 2 km HC-NANF. Comparative
analysis with single-mode fibre reveals that the quantum-channel could not be sustained at such power-

levels.

Introduction

Quantum Key Distribution (QKD) technology has
been considered as the ultimate physical layer
security due to its dependencies on the physi-
cal laws of physics to generate quantum keysl!.
However, in order for QKD to become func-
tional for practical scenarios, it must be integrated
with the classical optical networking infrastruc-
ture. Coexisting quantum and classical channels
represent a challenge for QKD to multiple fac-
tors such as the high optical power used on clas-
sical channels (orders of magnitude higher than
for quantum communication) and the additional
noise generated from such channels due to opti-
cal non-linear effectsl2 or insufficient isolation be-
tween the classical and quantum channels. This
additional noise degrades the quantum channel
performance and was studied extensivelylS-7l,
Coping with optical nonlinearity represents a
major challenge for QKD systems and sharp fil-
ters are required to partly isolate the noise from
the classical channels and improve the quantum
signal. However, non-linear processes in glass
fibres also generate excessive photons at the
same wavelength as the quantum channel that
cannot be mitigated, dramatically affecting its per-
formance. HCFs offer a radical solution as they
provide several attractive advantages compared
to glass core fibres, allowing for an ultra-low op-
tical mode overlap with the glass (and hence re-
duced optical nonlinearity and Rayleigh scatter-
ing), a lower latency, and a very low total chro-
matic dispersion. These desirable qualities en-
able the transmission of classical channels at high
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optical powers®19 while coexisting with quan-
tum channels over the same medium . One as-
sociated problem of HCF is the increased fibre
losses and the high loss of interfacing between
HCF and single mode fibre (SMF). A novel HCF
design that could reach a total loss value lower
than that of conventional solid fibres was pro-
posed in 2014 and is called Hollow Core Nested
Antiresonant Nodeless Fibre (HC-NANF)™), The
losses of HC-NANF have improved immensely
from 1.3 dB/kml'@ to 0.65 dB/kml'3l and recently
to 0.28 dB/kml'4. Moreover, a record-low loss
of interconnection between HC-NANF and SMF
of 0.15 dB has been achieved which is slightly
higher than the theoretically-expected minimum
loss of 0.08 dBI'®. HC-NANF was also used in
long-haul WDM transmission with a record trans-
mission distance of 618 km and 201 km using
PM-QPSK and 16-QAM respectively.'®),

In this paper, we take the advantage of the
ultra-low nonlinearity of HC-NANF to demonstrate
the coexistence of a 16 dB power budget dis-
crete variable QKD (DV-QKD) technology!”} and
8 x 200 Gbps 16-QAM carrier-grade classical op-
tical channels at an extremely high coexistence
power of 0 dBm over a 2 km HC-NANF, revealing
minimal effects on the quantum channel perfor-
mance. We also compare the QKD performance
using SMF and HC-NANF in terms of Secret Key
Rate (SKR) and Quantum Bit Error Rate (QBER)
to prove the superiority of HC-NANF for the coex-
istence of quantum and classical channels.

Testbed
Fig.[T]shows the experimental system setup used
to demonstrate the coexistence of eight classical
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Fig. 1: Experimental testbed design.

channels with the quantum channel. The testbed
facilitates the experimental evaluation of the non-
linear effects on the performance of the quan-
tum channel created by the presence of classical
channels spectrally close to the quantum chan-
nel using both HC-NANF and SMF. For the classi-
cal channels, two bandwidth variable transponder
(BVT) switches (Facebook Voyager) are deployed
to transmit eight coherent classical channels. The
frequencies of the classical channels range from
193.60 THz to 193.25 THz with 50 GHz spac-
ing between each channel and 75 GHz spacing
between the quantum channel (193.70 THz) and
the nearest classical channel as shown in Fig.
Each classical channel provides a 200 Gbps, 16-
QAM signal with a soft-decision forward error cor-
rection (SD-FEC) of 15% to enable an error-free
transmission. For the quantum channel, IDQuan-
tique Clavis3 DV-QKD systeml'” is used which
implements Coherent One Way (COW) protocol
and has a fixed frequency for the quantum chan-
nel at 193.70 THz. As shown in Fig. [f] the eight
coherent output ports of the two BVTs are multi-
plexed using a wavelength selective switch (WSS)
with 6 dB of insertion loss for a total throughput of
1.6 Tbps. The WSS is used as a multiplexer and
a band pass filter to couple the classical chan-
nels into a single fibre and provide a 30 dB isola-
tion. The WSS combined output feeds the input
of a tunable band pass filter (TBPF) with 60 dB of
isolation to further suppress the noise generated
by the classical channels. The classical channels
and quantum channel are then coupled through
a WDM multiplexer in a coexisting configuration
and travels through a 2 km of SMF or HC-NANF
to a WDM demultiplexer that passes the quan-
tum channel (193.70 THz) while rejecting all other
channels (classical channels). The rejected clas-
sical channels are forwarded towards an optical
isolator with insertion loss of 2 dB to prevent the
tunable laser used by the BVT Rx as a local os-

cillator from returning to the Bob-QKD unit and in-
terfering with the QKD measurements. It also pre-
vents the Amplified Spontaneous Emission (ASE)
noise generated by the Erbium-Doped Fibre Am-
plifier (EDFA) which is used to amplify the clas-
sical signal travelling back to the Bob-QKD unit.
The amplified classical channels are directed to
the Voyager BVT Rx for coherent detection after
the EDFA via a 1x8 optical splitter. Furthermore,
an optical isolator is used after the Alice-QKD unit
to prevent the noise generated from the classical
channels returning to the Alice-QKD unit and in-
terfering with the quantum signal. Moreover, the
variable optical attenuator (VOA) is used before
the Bob-QKD unit to adjust the losses of the quan-
tum channel to the minimum operation level of
10 dB to prevent over saturating the single photon
detector in the Bob-QKD unit. It also allows us to
obtain a direct comparison of the quantum/classi-
cal coexistence between the SMF and HC-NANF
in terms of losses. The loss of the quantum chan-
nel using the HC-NANF and SMF is ~ 10.5 dB.
Moreover, the 2 km HC-NANF used in this exper-
iment has a loss of 1.3 dB/kml'2l and a total loss
of 7 dB when accounting for the interconnection
losses between the HCF and SMF.
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Fig. 2: Coexistence spectrum of the quantum channel (Red)
and 8x200 Gpbs classical channels (Yellow).
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Results
Fig. [3] shows the experimental evaluation of SKR
and QBER of the quantum channel in the pres-
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Fig. 3: a) Average SKR versus launch optical power using HC-NANF. b) Average SKR versus launch optical power using SMF.
c) Average QBER versus launch optical power using HC-NANF. d) Average QBER versus launch optical power using SMF.

ence of a different number of classical channels
at different launch powers for HC-NANF and SMF.
Fig. Br) and Fig. [Bc) present the changes in the
SKR and QBER of the quantum channel when co-
existing with different number of classical chan-
nels at different launching power in a HC-NANF.
As shown in Fig. [3g) and Fig. [3c), the SKR and
QBER values without the presence of any clas-
sical channel (no coexistence) are similar to the
values when coexisting 8 classical channels at
a launch power of -9 dBm per channel which is
equivalent to the highest recorded coexistence
power of 0 dBm. This is due to the ultra-low op-
tical nonlinearity in HC-NANF. Moreover, Fig. [3p)
and Fig. [3d) show the SKR and QBER when co-
existing quantum and classical channels in SMF.
As shown in Fig. [3p) and Fig. [3d) the SKR val-
ues drops from =~ 2400 bps to ~ 304 bps while
the QBER values increase from = 3% to ~ 4.5%
when coexisting 8 classical channels at a launch
power of -25 dBm per channel which is equiva-
lent to a coexistence power of -16 dBm. This sig-
nificant 87.5% drop in the SKR and 50% rise in
the QBER is due to high optical nonlinearity in
SMF causing a high noise leakage to the Bob-
QKD unit. Moreover, increasing the coexistence
power by 1 dBm would cause the SKR to plum-
met to zero bps. Although the losses of the quan-
tum channel are similar when using both SMF and
HC-NANF and the coexistence power (0 dBm) in
the HC-NANF is 40 times higher than coexistence

power (-16 dBm) in SMF, the ultra-low nonlinear
effects of the HC-NANF due to its hollow core pre-
serve the SKR and QBER of the quantum chan-
nel. This proves the suitability of HC-NANF as an
excellent transmission medium for coexistence of
quantum and classical channels.

Conclusions

The coexistence of a DV-QKD channel and
8 x 200 Gbps classical channels was success-
fully demonstrated over a 2 km long HC-NANF for
a record-high transmission of 1.6 Tbps. The SKR
was preserved without any noticeable changes
when coexisting the quantum channel with eight
classical channels at 0 dBm coexistence power
compared to a significant drop of 87.5% when us-
ing SMF at -18 dBm coexistence power which is
40 times lower than the power used in HC-NANF.
This significant difference in the QKD perfor-
mance proves the advantage of using HC-NANF
to provide a seamless coexistence of quantum
and classical channels with a minimal effect on
the quantum channel performance regardless of
the number and power of the classical channels.
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