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Problems

• Kerr-effect causes spectral broadening

• Part of the information gets lost due to bandwidth limitation of D/A-
and A/D-converters

• WDM requires hard bandwidth limits per channel

TX

CH

RX
D

A D
A

bandwidth limitation
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Solitonic propagation

• Nonlinear regime allows propagation of solitons

• Higher-order solitons posses spatial periodicity

• Spectrally inefficient for communications

• Given enough distance all impulses have
solitonic behavior

Can we exploit this?
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Spatial Diversity
• Ideal distributed Raman amplification

• Concatenate a second fiber

• Length of first fiber ≈ 1000km
• Split signal using a 3dB-coupler

Amplifier?

RX design?

Length second fiber?

Pavg = 5dBm EDFA
3dB

D
A D

A

D
A

3dB
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Sending solitons

TX

RX
EDFA

3dB

D
A D

A

D
A

3dB

normalized time τ

p
ow

er

z = 0km
z = 250km
z = 483km

• 2nd order solitons

• average launch power Pavg = 5dBm
• periodic length zp = 483km
• EDFA needed to compensate coupler loss
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Results
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Results

• Combining both paths achieves
gains

• Maximum achieved at
zp
2

⇒ Spatial diversity provides gains
in solitonic communication
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Transmitter

xnormNN 1:50 x·
√

P
∥x∥

s s̃ x xPS

Receiver

y CDC 50:1 NN
yCD yLP s̃ ŝ
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Transmitter

xnormNN 1:50 x·
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Transmitter

xnormNN 1:50 x·
√

P
∥x∥

s s̃ x xPS

Receiver NN architecture: [Freire et al., 2021]

y CDC 50:1 NN
yCD yLP s̃ ŝ
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Transmitter

xnormNN 1:50 x·
√

P
∥x∥

s s̃ x xPS

Receiver NN architecture: [Freire et al., 2021]
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Length dependency - How should ℓ2 be chosen?
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Classical systems - sanity check

−30 −20 −10 0 10
0

2

4

6

8

Un
at
ta
ina

ble
reg

ion

Average launch power Pavg in dBm

S
p
ec
tr
al

effi
ci
en
cy

η
in

bi
t

s·H
z

Upper bound [Kramer et al., 2015]

AWGN

Split DBP

CDC

10 20 30 40
OSNR in dB

Sebastian Jung Learning to exploit z-Spatial Diversity May 9th, 2023 13/19



w
w
w
.i
n
u
e.
u
n
i-
st
u
tt
g
ar
t.
d
e

Motivation Proof of concept Setup Results Conclusion & Outlook

Spatial diversity results using learned transceiver
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Spatial diversity results using learned transceiver
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Conclusions

• Spatial diversity provides significant gains around 0.5 bit
s·Hz

• Input power influences optimal length ℓ2

• Even non-ideal lengths of ℓ2 ≈ 20km provide gains

+ Combine with WDM

+ Use different fiber
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Thank you for your attention!
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Compensation/Predistortion [Freire et al., 2021]
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