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It is becoming real …
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It is going further (and faster) … 
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Is it easy? 

Atmospheric turbulence Pointing errors
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Adapting to the FSO channel

50 m

Resulting mainly from atmospheric turbulence, with 

coherence times between 1 – 10 ms. 

Has a considerable slower impact in the link. Can result 

from weather changes, pointing errors, …  
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Adapting to the FSO channel

50 m

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

https://ieeexplore.ieee.org/document/9748439
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Adapting to the FSO channel

50 m

400G+ transmission with adaptive bit-rate
https://ieeexplore.ieee.org/document/9152099

55 m

• A little bit more:
➢ 200 G outdoor free-space-optics link using a single-photodiode receiver, Abel Lorences-Riesgo et al @ 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 et al @ JLT

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

https://ieeexplore.ieee.org/document/9152099
https://www.osapublishing.org/abstract.cfm?uri=jlt-38-2-394
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Why do we need a good alignment?

50 m
55 m

1 mm misalignment corresponds to 

20 dB of power losses
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Can we go around these requirements?

50 m
55 m

Adjusts the optical gain to 

maintain a constant output power

Adjusts the signal bit-rate to 

ensure a reliable communication

• 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?

50 m

EDFA-AGC is enough to keep the 

received power constant
For higher deviations the gain is not 

enough to flat the received power

• 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?

50 m
55 m Exploiting the correlation between successive

pointing errors we can estimate:

• 𝑁 = 2;

• SNRmargin = 1 dB.

Roughly 20 dB loss 

without AGC
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Reaching 1 Tbps

If AGC is enough, we have 

a constant 1 Tbps channel, 

and a constant NGMI.

If required, we use PCS to 

decrease the signal bit-rate, 

achieving a constant NGMI.

• Even in the worst scenario, we demonstrate a FSO channel capable of supporting 900 Gbps, boosted by AGC and PCS.
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Conclusions

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

industry. 

❑ We showed the seamless FSO capability for ultra high-capacity transmission, with a single 

optical wavelength carrying a 1 Tbps bitrate.

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

❑ PCS is a viable contender for pointing errors mitigation, adapting the transmitted bitrate to the 

channel quality. 
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