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Introduction

@ Capacity of linear fiber optic systems has reached a peak due to the
nonlinearity of the channel.

@ Multi-channel (WDM) systems also suffer from channel coupling due to
spectral broadening.

Achievable rate of an WDM system with 5 channels
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Behannel = 20 GHz, Byyarg = 5 GHz, distance = 2000 km.

Nonlinear Schrodinger Equation (NLSE)
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Attenuation Dispersion Nonlinearity

@ Exponential decay @ Linear term. o Causes frequency
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broadening in broadening, SPM,
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The nonlinear term causes channel coupling in WDM systems!

Idea: Frequency-dependent attenuation profile
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oo, otherwise.

Such a system:
@ does not allow spectral broadening,
@ and turns out to still preserve the total energy of the signal:

E(z) = % /W 1Q(z,w) dw = E(0) Vz.

Energy coupling between channels

However, the energy in each individual channel, E,(z) is not preserved.
Four-Wave Mixing (FWM) still causes coupling:
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Condition for absence of energy coupling

We derived the following condition that ensures the absence of energy
coupling between channels (dE,(z)/dz = 0):

(Wnl +Wn2)m(Wn+Wn3) = ®7 v{nlanQ} # {na n3}7 (1)
where + denotes the sum of intervals:

[wi1, wiz] + [wor, waa] = [wi1 + wo1, w12 + wa2] -

Design of an energy-decoupled system

@ For channels with equal width W, condition (1) forces the use of a Sidon

sequence [1] to place the channel centers w),:
wp, =2m,W, m, is a Sidon sequence

Mmp, + mp, 7é m, + Mp,, V{nl, n2} 7é {n, n3} )
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By = —21.67 ps®/km,y = 1.26 W /km, W = 27 - 1 GHz

@ The maximum spectral efficiency of Sidon sequences for an N-channel

system is:
NW

N) =
77( ) wy —wp + W

i. e. an energy-decoupled N-channel system can asymptotically fill at
most a fraction 1/N of the spectrum.

Conclusions

@ The frequency-dependent attenuation profile prevents spectral
broadening and conserves the total energy of the system.

€ O(1/N).

@ There is still energy transfer between channels, which can be avoided
by using a Sidon sequence.

@ The maximum spectral efficiency of an energy-decoupled N-channel
system is O(1/N), which is very inefficient. To design a more efficient
system, energy coupling needs to be allowed.
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