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B T/F transfers over shared fibre
B T/F infrastructure CESNET

B Spectrum Exhaustion

B Alternatives

B Performance verifications

B Clonets
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T/F Transfers Over Shared Fibres

B Why T/F transfers over shared fibre? On dedicated it is easier.
B Example fibre line length: 1 400 km
B Fibres rental annual cost (based on average price*)
B EUR 420 000
B Share T/F infrastructure with data

B Core network example — project CLONETS




T/F Transfers Over Shared Fibres

Examples C band (1530-1565 nm)
B T - lambdas - IPE-BEV/CESNET-ACONET [
B T -lambdas - MIKES/CSC/FUNET
B T-lambdas - RISE/SUNET .
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B F - lambdas - RISE/SUNET
B F - dark channel bidi amplified (ch 44) — LNE- SYRTE/RENATER
B F - dark channel bidi amplified (ch 46-39) — ISI/CESNET



T/F Transfers Over Shared Fibres

Examples out of C band

B T - dark channel semibidi amplified — VSL-NIKHEF/SURFNET
B 1470/1490nm G sy e
B 1nmin 1510 -
B C band

Under construction w9
B F - dark channel bidi amplified (1570 nm C/L) -METAS, ETH Zurich/SWITCH

B T -lambdas (C band) - GARR
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m2014

Available

B Already C and L DWDM systems

B Amplified 800 GHz channel, One way 306 km,
85 dB, combination of G.652 and G.655 fibres

B 4 |ater 5 pcs bidi EDFAs with single signal

path

Marker 1 160.006350000 MHz Avg Type: LogPwr

W ig: Fros Run AvgiHala: 421160 ee BBiDi
[— an: 20 a5

Ref 9.90 dBm -

Booster/Preamp]

{
\ A \ |

Start 1.0 MHz Stop 500.0 MHz

BoostenPrasmp

| 1

#Res BW 30 kHz Sweep 2.11 5 (40001 pts)|

1540-1546

S-band

1460-1530 1530-1565

U-band I

1565-1625 1625-1675

BiDi

DEMUX

pcu

BoosterFreamp)

Booster/Freamp

- A

CLA PBO2F

Booster/Preamp

=

. m
Dual Inine
i CLA DIOZF .
Dual Infine Dual Infine
BAND BAND BAND BAND BAND |
SPLITER SPLITER SPLITER SPLITER SPUTER|L_CLA PBO2E

Booster/Preamp

S S

Potéhy Mostisté

A
T

L2

BiDi =
DEMUX

BoostenPreamy u y
o m o o] ;! =
| l Cusi Ining l l Cusl Inins l 3
MuUx
27.5dB L CLA DIO2F o] L CLA DIO2F m n p &
o ouatinine pam e Dusiinine oo BANE =

SPLITER SPLITER SPLITER SPLTER SPLITER|

DE[-||;|X
Brezany || Pot&hy Mostisté OOV g




- Time and Freq'u'ency Infrastructure

Research and Education Network CESNET2
= > 5800 km of dark fibre lines

cesnet
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./ and Electronics
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Geodetlc Observatory

= T/F transfer

ndrejov
Dolni Bfezany Astronomical Institute

= Fibres shared with data

Temelin
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= 700km of lit bidi channels provided as a service

= Projected length 2476 km, transmission 1183 km
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- Time and Freqijéncy Infrastructure

_c_:e§net

= Coherent Optical Frequency

" Metro —Fibre )

= Long haul -DWDM bidi channel b
« 550 km 800 GHz /520km 400 GHz e

= QOperation
= 840km ch46 1540.5 nm
= 250km ch44 1542.1 nm
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Inceased Spectrum Use

100G PM-QPSK 150G PM-8QAM 200G PM-16QAM

Obsolete — 96 ch. per 10 Gbit/s — 0,96 Thbit/s (OOK) ‘
Mature — 96 ch. per 200 Gbit/s — 19,2 Tbit/s (DP16QAM) .

Present — 80 ch. per 400 Gbit/s — 32 Thit/s (60 GHz, DP16QA
L band technology available since late 1990 — 90nm
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i Alternative Bands

= Multiplication of data capacity of single 50 GHz channel
capacity with similar reach is no more scaling (Shannon),

= C capacity is exhausting (necessary guardbands)
= L will have the similar problem soon
= S not suitable for long haul (lack of amplification)

= C/L typ 4 nm 1566-1570 are skipped because of
technological reasons, EDFAs work fine here
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“"'Alternative Bands
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Multi Channel TF Infrastructure

Coherent Optical Frequency “Cation clocke @
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Multi Chanhél TF Infrastructure
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Performance Verification of 1570 nm-

bidi EDFAs CzechLight

C 1570 nm L
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Vojtech J., "Alternative spectral windows for photonic services distribution," Proc. SPIE 11128, Infrared Remote Sensing and Instrumentation XXVII,
1112806 (9 September 2019);_https://doi.org/10.1117/12.2529713
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Performance Verification of 1570 nm

= Tested WhiteRabbit in 1570 nm band, dark channel (100 km),
bidirectionaly amplled channel (200 and 300 km)
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* Necessity of significant spectral gap
= Raman energy transfer to lower energies/high wavelengths

= On shared fibres S band looks interesting (no amplifiers
necessary)
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- Conclusions

= 1570 nm to be field tested and deployed soon
= 1458 subject to further tests

* Plans to gradual vacation of channels 44/46 and move to
1570 nm
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Thank You very much for
Kind Attention!

Questions?
josef.vojtech@cesnet.cz
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