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e GEANT Association supports and
represents over 40 NRENSs across Europe.

* Together they support over 10,000
institutions and 50 million academic users.

w*
*
‘l***
GEANT membership
* Strong global connectivity, 35% annual -
growth .
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GEANT - GN4-3N

DOI10.3030/856728 | £
1 Jan 2019 31 Dec 2023

GN4-3N Eroject aims to increase the footprint of
the backbone network and im|i)rove its ca‘oacity,
resilience and flexibility. The ultimate goa

offer 100 Gbps network access to a greater
number of GEANT Ioartners and significantly
diminish the digital divide.

From 14 to 32 countries connected by
Fibre/Spectrum

From 8,000 to 19,000 Km Fibre
12,000 Km Spectrum, 7,000 Km from NRENs
Based on 15+ years IRU

Maximum achievable capacity per link between
6 and 24+ Thps

. m— Origlnal Reference Topology
Frtended Reference Tnpu|-:|g',l

is to
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GEANT - GN4-3

* GN4-3 g
* DOI10.3030/856726

* Start date 1 January 2019

* End date 31 December 2022

* GEANT is Europe’s leading collaboration on network and related infrastructure and
services for the benefit of research and education, contributing to Europe's
economic growth and competitiveness. The organisation develops, delivers and
promotes advanced network and associated e-infrastructure services, and supports
innovation and knowledge-sharing amongst its members, partners and the wider
research and education networking community. It aims to help take European
research to the next level, promoting scientific excellence, access and re-use of
research data.
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GEANT - GN4-3

* WP6 Services Roadmap

* Task 1: Network Technology Evolution

* Optical Time and Frequency Network

* CESNET, GEANT, RENATER, PSNC, SWITCH

e GEANT Infoshare: European Time and Frequency Services - Principles, Challenges and
Use Cases

* https://events.geant.org/event/451/

e GEANT Infoshare: Management and monitoring of time & frequency services
* https://events.geant.org/event/1207/
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GEANT - GN4-3 - WP6 T1 - OTFN

* WP6 Services Roadmap ‘E E
* Task 1: Network Technology Evolution
* Optical Time and Frequency Network

* Whitepapers:
Distributing New Performant Time and Frequency Services over NREN Networks

https://www.geant.org/Resources/Documents/GN4-3 White-
Paper Time_and Frequency.pdf

Ultrastable Frequency Transfer in L-Band

https://resources.geant.org/wp-content/uploads/2022/02/GN4-3_White-
Paper_Ultrastable-Frequency-Transfer-in-L-Band.pdf

* Management and monitoring of time and frequency services

* Preliminary assessment of OC signal transfer quality on the Poznan-CERN line in an
unmodified DWDM (unidirectional) network.
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Share or not share

«  Alien Waves or actually Spectrum Connection Service work well for data

« Unique applications Time and Frequency can’t use them only at cost of
performance degradation

* Need reciprocal path there and back to compensate disturbances

*  Fibers rental p.a. cost (based on average price*) 1 MEUR p.a. for 2000 km
of fiber and 15y contract (CESNET)

«  SWITCH 240 km @ 100k CHF p.a.
*  Housing is about 15% of total

- Share infrastructure for T+F with data is attractive, add only up to 15%
extra cost

Approach

Advantage

Dizadvantage

: Dark channel

«  Butualise fibre and housing
facilities.

# Implementation of the TAF service
can start immediately as no extra
fibre is required,

Adds complexity in the network due to the
bidirectional signals propagating in a telco
architecture.

Setting up the spectra-sharing architecture
may be traffic impacting - reduced capacity
for data traffic.

Optimising TEF service takes mare time in
order not to interfere with data traffic.

Each OADM adds up to 0.8d8 of extra
attenuation which degrades OSNR

Is not ideal when attenuations/span > 25dB. |

Dark fibre

s Data traffic and T&F services are
using dedicated fibres and cannot
interact [safest option)

Additianal high costs for fibre rent,

Maore fibres and the two dedicated
networks need to be monitored and
managed simultaneously (more manpawer
required).

*Sima S. et al., Deliverable D3.2v3-Economic analysis, dark fibre usage cost model and model of operations, Porta Optica project



Bandwidth Reservation

DADMSs single

channel

5 band Available on
FeEg uest

(custom sesign) |

Ayvailable on requet

Available on reguest

OADMs band

Ayailable an regquest
| WD custom
dasign}

Cammesrcially available

lang lead Hme)

Available on request Commercially available

|custem design|

[custom design] and tested in Labh
Koheras: from stock
RI2: high one-time costs and
lang distribution time for the
production of a dedicated
wafer
Lowser costs and shorter
distribution time is possible by
sharing the existing waler of
SWITCH
Available on request (eustomn
design + longer lead time| with
some limits over 1585 nm

(custom design +
fong tead time]

1572 rirm Lasers are availabls

Tramsmdtter modube  Amplificatian

for Time transfer

CWD anly S04, Brillouin amplifiers

commercially avallable

Commercially
available tor all
techniques

Bidirecticnal EDF&

commerciafly available

Commercially
available

Armplification - EDFA:
EDFACL optimised for
1570 installed and
successfully tested

[longer lead time|

Prices and spacst
available from

CzechO05/Optokon

Commercially
available

Bidirectional EDFL

commercially available
|longar lead time|

Operating nety

SLIRFMET [WE]
CESMET [0}

REMATER ch.44 {OC]
CESMET ch.46 (0C)
CESMET-BEV ch.43-46
NEL ch.dd (OC)
PR th.dd (OC)

| INRIM/GARR ch 44 {0C) |

SWITCH ch.07 [OC)
CESMET [RF)

(First field tasts ara
promising)

CESMNET [RF)

rogional CWOM
lifks

C band Commerciatly
awailable

Betweean Commercially
/L Band availabie

L Band Commercially

availabie
{long bead time|
local and regional linka
/ oxtandad O-Band

regional CWDM or long

long distances DWDM links distnnee DWOM finks

-

WETO 1RO 1280 1300 1310 10BO 1080

4-Band Hybrid WDM wavelangth allocation schema

WTO 1480 1480 1BOD  1EID

-

2
el

IBEG 1830 1640 (NAOD 18O 10F0 1SBO 1600 1800 1M10 18D (W)
605 DWDM 17 i=

88 channels
@50GHz spacing

# avallable for other applications
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GEANT uses DWDM system by Infinera

C-band is unavailable for T/F due to
lack of coupling of CH44 and other
concerns

L-band is being added to some core
routes to support scientific needs such
as time/frequency

L-band access ports built into the
switching and amplifier cards

Lab testing has shown that
time/frequency signals can be injected
as a bi-directional signal on the L-band
using these ports.
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Amplifier Lasing Issue

 Reciprocal/bidirectional path to T
Gain medium
cancel slow changes TAB = tBA IC e DI
* Bidirectional amplification
° Higain medium + feedback
We are trying to avoid it!! FIAP grir ot tier FE1APC
2
’ G R1 RZ <1 Rl FC/APC g:g
* R composes from Rayleigh B I § MHREEOR
backscattering and reflections e —— S
from splices, connectors etc. i | Lc/pe
LC/PC g % LC/PC
FC/APC FC/APC
T/F
FC/APC Bidir amplifier FC/APC
Credit: Nicolas Quintin




Amplifier Lasing Issue

*  Only with limited gain up to 20-21
dB I

* But we have in network lossy
spans: 24, 27.7, 26 and 28.6 dB?
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Amplifier Lasing Issue

* Waves 1540.5 + 1572.06 nm
* Brno - Olomouc also 1458 nm
* Length 352 km, area 5929 km?

* 6 amplification points around loop
* Automatic bi-EDFA balancing fE L

Ceska Trebova

deployed beat acquisition === =5 =~/ — | o
via simple SDR [ I Olomouc
* To be used on remaining lines % Prerov
T ol W Brno
Mﬁ \I L~ Electronics
=_ a7 04 L —_——
e — — B?edav

0 10 20 30 40 50 100 km




Crosstalks

:l"- : --'---'Hi F SR L.
o N T Tt DL L

* Goal: Impact of Metrological Signal on DWDM channels Lol e e - -
* Transponders have Performance Data . W Q\ P\ [ ' |
L] § 1
* Errored Sec (i.e. Out Of Frame, Background Errored sec) B \ \ g 15 G . “
* Transponders have FECs Data . ""'\.F.;""“—'—“ww
* Corrected Errors measurements: i . .
120h Laser ON v e T T e T T T T L
® Turn CHO7 Lasers ( & Amps) 38h Laser OFF — el
®* OFFand ON
Average corrected errars per 15min devided by the average corrected errors when the laser ch07 was off.
° Any |mpact to DWDM Channels? =1 means more corrected arrars, =1 less corrected errors.
:_I
110 T
* 8 backbone DWDM channels _ - i
. . 1.05 1
* no errored seconds in OUT signal 5 g Ll
* = No Impact for clients #1001 § I I ' | 2
£ =
=] 1 o 4 4
* Let’s look at the corrected errors ‘g 0.95 ‘ i g |
* Increased Corrected Errors? ----> E - £ l } i
= =
®* No clear correlation { }
0.85 a7
§ Laser OFF
° s # Laser ON
NO ImpaCt on DWDM ChannEIS 080 17 A 1.r'_B 1}.:5-_.#‘\.1.'-‘_-_[:1 19 A 19'_3 27 I:-._A:!.l'.'_-_r:'l _159.':1_A 3.5 8 50 I':_A 50.5_B SE_A :'rﬁ'_r:l
200G and 100G Coherent Channels - Two Endpoints A & B 100G NRZ Channels - Two Endpoints A & B

Credit: Fabian Mauchle



Crosstalks

* Real network, 300km, 3 ILAs, mixture of G.655 and G.652 (last miles only)
* Moving 100Gbps channel 100 GHz apart to WR signals, originally was 350 GHz
* One order drop in pre FEC BER, from 2E-9to 3E-8. All errors corrected

Frogasmuy GHal

llllllll




Crosstalks

¢ Tested: .
. ELSTAB+OC in channel 44 )
* Sections of 65 and 110 km and also included Raman @ -, o, s,

* No influence on 100 and 200 Gbps channels i l?l_] H m

Credit: Krzysztof Turza

* Previously in a 1500 km loop in the PIONIER network (unidirectional) interferrence observed.




Raman amplified lines

Optical carrier — extremely narrowband

Max launch power is limited by Brillouin scattering
Threshold even decreased by Raman pumping

On 655 fibers threshold is even lower

58%-Aaman, bid (DR enly, 100km G.651.0 S85-Eaman, bid EDEA plu Raman, 100km G510

RAMAN GAIN

P44
UniDir R
EDFA

Vw-11GHz

Credit: Krzysztof Turza

Vi - 22GHz<

V- 33GHz

Y

Vi - 44GHz+

SBS-Raman, bidiEDFA plus Raman, 85 6im GLA5S-




Monitoring

* A - Metrology signal sources (typ ultra-precise clocks
located in metrology laboratories)

* B - The metrology signal transfer and regeneration

system
® C-The telecommunication data transmission systg
(DWDM)

Credit: Nicolas Quintin

First Level: OM/OFF
First Lewel: OM/DFF
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W mlny _: A ".a ' e
o Y * CzAR¥
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Monitoring - RENATER
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Monitoring - CESNET

CITAF — CzL bidi AMP : Grafana dashboard - graphical representation of
significant parameters through time

WR - LEN 3 port OADM

(Dark) bidi spectrum

TN ]

—

I .

ATTENUATOR | | HEY [ ] if 5
T CLA bEDFA

Only WR shutdown - via nearest bidi EDFA or external shutter
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OC over Telecomm Lambdas

Modified Allan Deviation (Mod o y‘t]}
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2100km over coherent DWDM system

DWW
PIONIER Network

|
oW laser Laser station

PC Polarization controler

Control signal
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Optical Time & Frequency Activities — GN5 — Future
e Multi-domain monitoring

T/F knowledge exchange platform

T/F training

T/F and Quantum

Cross border challenges




Optical Time & Frequency Activities — GN5

* Multi-domain monitoring
* Especially for time signal, not only output signal is important, but also link calibration
* This is difficult in deployed networks
* If calibration is lost link must be re-calibrated
* No standards for this yet
* No competition to NMils, but present situation for NRENs from a network perspective

* T/F knowledge exchange platform

* To support NRENs with links offering information concerning time distribution in
networks, support interest in telemetry

* Over time build wiki portal to link important deliverables, standardisation documents, etc.
* Exchange of experiences
* Collect information on equipment
* T/F training
* Produce how-to videos on lab setup, calibration, measurements

PTTI 2023




Optical Time & Frequency Activities — GN5

* T/F and Quantum o5
° In cooperation with T1-QT subgroup

° Planned - whitepaper on timing requirements for Quantum

PTTI 2023




Synergy with QKD

Discrete variable QKD - precise timing is must (transition from APDs to Super-conducting Nanowires SP
detectors (improvement in jitter). GPS is no more enough.

Comparison
Ak GPS WR
) Re pg Im pg Re pg Im pg
Light is : Discrete «* Photons Continuous —MWv—  Wave o - 04 03 % 3
their Number its Amplitude & Phase (polar At tho
We want to know : ] . P ® ) 0.5 -05 -0.5 -0.5
& Coherence its Quadratures X & P (cartesian) FiH FH HH HiH
H L-"UH HIJI.-'H vW HV 2V H u.'r"H W
e VH oy VH VH vH
We describe it with ;| Densitv N Wisncr BC Uik W oy AV VW Y WY Y
matrix . N function . - == - o
e L - =
: W(X.P) 0 iR F =065+ 0 0 0 D91+ |

g ; = HY
_ _ . Significant increases in fidelity for all VH PP ok
We measure it by : Counting: Demodulating : Homodyne Detection links via low-jitter WR synchronization LA
Y = g y
APD, \'LPC, IES Local Oscillator = s
Quantum State * -
w 0. -4? 0 Y F = 0.90 £ 0.01 0 4 = 0971 +0.004
5 z :
i -0.5 -0.5 =0.5 =0.5
/‘ 1 HHH'I.r' HH HY HI”HI_.' HHH'v'
V-V, = X =Xcos 8 +Psin § WH o, V-H'I"'I-" VH i VH ¥y WH : Y wf"ﬂf'l VH ey 'y'}rl".l"'l
BSU %00 Ribkrgy 1 VW hH VW M "

« Simple » States Fock States Gaussian States 0 RSSOl

. . ) . . Credit: Lukens. J. et al. Scalable and secure architecture for
Credit: G P,http://qd . Jr/IMG/pdf/G .pd
Eehe S p://gdriafa.unice.fr/IMG/pdf/Grangier. pdf quantum networks, IPC 2022, MB1.4




Synergy with QKD

Continuous variable QKD clearly benefits from providing ultrastable reference and coherent optical

frequency transfer as source of phase noise correction (via line stabilization for optical frequency
transfer)

Light is : Discrete «* Photons Continuous ~VWh—  Wave
Clivati, C., Meda, A., Donadello, S. et al. Coherent phase : thtejr TR : = tlimde&Phase( i)
transger for real-world ’Ewin-fi)eld quantum key distribution. We want to know : & Colizeiize its Qu::h.am.es X & P (famsm)
Nat Commun 13, 157 (2022). ___ _
https://doi.org/10.1038/s41467-021-27808-1 WesneXwn.| By ‘ Wigner
matrix 9 function
Pom W(X.P)
Meda et al., "QKD and frequency distribution cooperation:
the Twin-field QKD case," 2022 IEEE 15th Workshop on
Low Temperature Electronics (VVOLTE)’ 2022, pp. 1-4, doi: We measure it by : | Counting: Demodulating : Homodyne Detection
10.1109/WOLTE55422.2022.9882601. APD*VLE’;TES--- Helatu g 4Qumsme
« Simple » States Fock States GIEH;SSia_I_l States

Credit: Philippe Grangier - http://gdrigfa.unice.fr/IMG/pdf/Grangier.pdf



https://doi.org/10.1038/s41467-021-27808-1
https://doi.org/10.1038/s41467-021-27808-1
https://doi.org/10.1038/s41467-021-27808-1
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Optical Time & Frequency Activities — GN5

* Cross border challenges et

®* Once CLONET-DS results become available (Apr 2023), infoshare is planned
to discuss CLONET-DS results and what this will mean for NRENs

-
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Conclusions G'ﬁ\ﬁQ

MNetworks « Services - Peaple

Optical Time Frequency transfers shifted from pionier application in to regular
services in many RENs

Monitoring and support necessary
Transfer means are heterogeneous, but final services should be E2E

Huge synergy with quantum applications is expected
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Thank you very much for kind attention
Any questions?

josef.vojtech@cesnet.cz {"”
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