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It is becoming real ... Alphabet's X tests Free Space Optical

Communications in Congo, beams
Free Space Optics Communication Market to reach $2 Bn by 2027; Global 700TB across 5km

Market Insights Inc.

Partnership with Liquid Intelligent Technologies comes out of

Major players operating in the free space optics (FSO) communication market are AVDA Optical Networking SE, failed Loon O,ﬂj(:(ﬁ_

Airlinx Communications Inc, Collinear Networks, Excellence Networks, FSona Networks, and Mostcom JSC.

September 16, 2021 By: Sebastian Moss () Comment
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Terabyte Infrared Delivery 200Gb/sec Laser Communications System N(Agi

Alphabet sent nearly 700TB across 4.8 kilometers using beams of light.

for I—EO Dire Ct'tO'Ea rth M iSSiOnS (TBIRD) L 4 The Project Taara initiative, spun out of the failed Loon effort, relies on Free Space Optical

Completed Technology Project (2017 - 2021) Communications to send data in free space - that is, not through a medium like fiber.

Taara's FSOC can create a 20Gbps+ broadband link from two points that have a clear line of sight.
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Project Introduction — this experi . :
In this experiment, the Google sister company

Satellites in low-Earth orbit (LEO) have on-board sensors that can generate set up the system between Brazzaville in the

large amounts of data to be delivered to a ground user. Direct-to-Earth
delivery from LEO is challenging because of the sparse contact with a ground

Republic of the Congo and Kinshasa in the
Democratic Republic of Congo.

termina - al= alalm 0 Cl =Talal= al¥ial =Ta =Tal=Tal=lall= ey Dlanh dara rare

by explq chose the location because

nAsA's| Carillon Awarded DARPA Contract for Next Generation Satellite-to-Satellite Free Space |¢ ' tavel more than 400kms to

to-EartH . . . e Conga River, whereas this

ground Optlcal Communlcatlon {FSOC) f just beam data over the river.

ransfer itt ferred 700TB with 9.9

burst ra Eiffort exemplifies Carillon’s mission to provide DoD secure access to cutting-edge commercial technologies I;lilt e e — Alphabet/X
transce V.

E?ipg d September 23, 2021 02:00 AM Eastern Daylight Time

WEST HARTFORD, Conn —(BUSINESS WIRE)-The Defense Advanced Research Projects Agency (DARPA) has awarded Carillon
Technologies a $6.4M contract to prototype next generation satellite-to-satellite communication systems derived from cutting edge
commercial Holographic Optical Beam Steering (HOBS) technology.
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It is going further (and faster) ...
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Is It easy?

Atmospheric turbulence Pointing errors

9
i -1
1.4 _0/=0

1.2+

Thorlabs F810APC Analysis - C5

1+

0.8}

pdf

0.6 |

0.4+

4-30

0.2+

: 4-40
1 2 3 4 5

Irradiance (I)

Turbulent

Input wave Channel

.t © 2022, Instituto de Telecomunicacdes 3'd Optical Wireless Communication Conference, Veldhoven, The Netherlands

Received Optical Power [dBm)]

Vertical Displacement [cm]

Output wave

&)

1.2 1 0.5 0 0.5 I 1.2

Horizontal Displacement [em]

Thorlabs FRI0APC Opeuiug|




Adapting to the FSO channel

Power (dB)
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Has a considerable slower impact in the link. Can result
from weather changes, pointing errors, ...
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Resulting mainly from atmospheric turbulence, with
coherence times between 1 — 10 ms.
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Adapting to the FSO channel

400G transmission with NN channel estimation (power control)
https://ieeexplore.ieee.org/document/9748439

Daytime measurements
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Adapting to the FSO channel
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 Alittle bit more:

» 200 G outdoor free-space-optics link using a single-photodiode receiver, Abel Lorences-Riesgo etal @ JLT

» Adaptive probabilistic shaped modulation for high-capacity free-space optical links, Fernando P. Guiomar et al @
JLT

» Single-Wavelength Terabit FSO Channel for Datacenter Interconnects Enabled by Adaptive PCS, Marco A.
Fernandes et al @ OFC2021

» 400G MIMO-FSO Transmission with Enhanced Reliability Enabled by Joint LDPC Coding, Marco A. Fernandes et
al @ ECOC2021

» Free-Space Terabit Optical Interconnects, Marco A. Fernandes etal @ JLT

» Coherent Free-Space Optical Communications: Opportunities and Challenges, Fernando P. Guiomar et al @ JLT

3rd Optical Wireless Communication Conference, Veldhoven, The Netherlands 8


https://ieeexplore.ieee.org/document/9152099
https://www.osapublishing.org/abstract.cfm?uri=jlt-38-2-394
https://www.osapublishing.org/abstract.cfm?uri=jlt-38-23-6529
https://www.osapublishing.org/abstract.cfm?uri=OFC-2021-Th5E.3
https://ieeexplore.ieee.org/document/9749848

CITL

Vertical Displacement

Why do we need a good alignment?

Thorlabs F810APC Analysis - C5
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Can we go around these requirements?

PS-64QAM — 600G — H = 6.00

Adjusts the signal bit-rate to
ensure areliable communication
Control loop
\

Adjust Extimate Convert to NGMI :
- -—— s S— I

I

\ )

Probability

bitrate Next SNR SNR evaluation

Offline
Rx-DSP

A

RTO

1Q : :
ECL * modulator 13 km Collimator Collimator Receiver

Adjusts the optical gain to
maintain a constant output power

64QAM-PCS signal, with a symbol-rate of 100 Gbaud.
Goal: Use PCS and AGC to adjust the bitrate to account for sequential beam misalignment.
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Is AGC enough?

EDFA-AGC is enough to keep the
received power constant
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As we degrade the link alignment, the losses
are to high to be compensated by the EDFA-
AGC. In these scenarios, we can exploit PCS
to create a dynamic channel while maintaining

reliability.
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How do we create a dynamic channel?

Exploiting the correlation between successive
pointing errors we can estimate:

%\ Roughly 20 dB loss 1 n
= 16} without AGC SNR.:(n+1) = N Z SNReas (1) — SNRargin
% n—N-+1

15t e N =2;

O SNRucas * SNRpargin = 1 dB.
_SNRest
14 l | l ' : |

100 200 300 400 500 600
#Iteration
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Reaching 1 Tbps

If required, we use PCSto
decrease the signal bit-rate,
achieving a constant NGMI.

1000 , 1.1

If AGC is enough, we have
a constant 1 Tbps channel,

and a constant NGMI. 950 1.05
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« Even in the worst scenario, we demonstrate a FSO channel capable of supporting 900 Gbps, boosted by AGC and PCS.

4
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Conclusions

O Free-Space Optics is a reality, with increasing interest by the scientific community and by the
industry.

O We showed the seamless FSO capability for ultra high-capacity transmission, with a single
optical wavelength carrying a 1 Tbps bitrate.

0 We can use AGC at the receiver to mitigate the power losses due to link misalignment.

0 PCSis aviable contender for pointing errors mitigation, adapting the transmitted bitrate to the
channel quality.
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A little bit more about our work:

*Bruno T. Brandao et al “Cooperative FSO and mmWave System for Reliable 200G Wireless Transmission”, IEEE Photonics Letters:
https://ieeexplore.ieee.org/abstract/document/9916303

* Fernando P. Guiomar et al “Coherent Free-Space Optical Communications: Opportunities and Challenges”, Journal of Lightwave Technology:
https://ieeexplore.ieee.org/document/9749848

* Marco A. Fernandes et al “Highly Reliable Outdoor 400G FSO Transmission Enabled by ANN Channel Estimation”, OFC 2022:
https://ieeexplore.ieee.org/abstract/document/9748439

* Marco A. Fernandes et al “Free-Space Terabit Optical Interconnects”, Journal of Lightwave Technology:
https://ieeexplore.ieee.org/document/9640495

* Marco A. Fernandes et al “400G MIMO-FSO Transmission with Enhanced Reliability Enabled by Joint LDPC Coding”, ECOC 2021:
https://ieeexplore.ieee.org/abstract/document/9605896

* Fernando P. Guiomar et al “400G+ Wireless Transmission via Free-Space Optics”, ECOC 2021:
https://ieeexplore.ieee.org/abstract/document/9606136

* Fernando P. Guiomar et al “Adaptive Probabilistic Shaped Modulation for High-Capacity Free-Space Optical Links”, Journal of Lightwave
Technology: https://ieeexplore.ieee.org/document/9152099

* Marco A. Fernandes et al “Adaptive optical beam alignment and link protection switching for 5G-over-FSO”, Optics Express:
https://opg.optica.org/oe/fulltext.cfm?uri=oe-29-13-20136&id=451904
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