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Motivation

o Higher order modulation formats for optical communications to increase
spectral efficiency

e Optical channel suffers from distortions that are absent for example in
wireless channels

e Focus here: Nonlinear phase noise

e Practical question: How much can we gain by optimizing the constellation
compared to standard QAM?

e Theoretical question: How do optimal constellations look like for very
strong nonlinearities?
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Channel and APSK Constellations

o CHALMERS
Discrete-Time Channel Model

[ noise due to optical amplification \
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e Additive noise per segment N; ~ N¢(0,0%/K)
e Distributed Raman amplification, i.e., the limit K — oo

e Power P=E [|X|2} and signal-to(-additive)-noise ratio SNR = P/o?
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Additive noise per segment N; ~ N¢(0,02/K)

Distributed Raman amplification, i.e., the limit K — oo

Power P =E [|X|2} and signal-to(-additive)-noise ratio SNR = P/o?

L = 5500 km, other parameters v, o2 taken from [Lau and Kahn, 2007]
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Probability Density Function of the Observation Y

o Extensive work on the statistics of @y

e See, e.g., [Mecozzi, 1994], [Turitsyn et al., 2003], [Ho, 2005],
[Yousefi and Kschischang, 2011]

e Probability density function (PDF) fy|x=g,(y) known
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correction
angle

Building block for suboptimal (but practical) two-stage detector

CHALMERS

e However, in principle no loss in optimality due to postcompensation itself
(ML detection based on Y still possible)

Gives insight into why two-stage detection is suboptimal

o Note: the PDF of Y is defined piecewise
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Goal

Which APSK constellation minimizes the symbol error probability under
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APSK Optimization
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Optimization Opportunities for APSK

Goal

Which APSK constellation minimizes the symbol error probability under
two-stage detection for a given input power P?

e How many rings? More rings for increasing input power due to phase noise.
e How many points per ring?
e What radius distribution?
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Optimization Opportunities for APSK

Goal

Which APSK constellation minimizes the symbol error probability under
two-stage detection for a given input power P?

e How many rings? More rings for increasing input power due to phase noise.
e How many points per ring?

What radius distribution?

What phase offset?

Constellation Optimization for Nonlinear Phase Noise Channels | Héger, Graell i Amat, Alvarado, Agrell 10/13



APSK Optimization

s00 CHALMERS
Optimization Opportunities for APSK

Goal

Which APSK constellation minimizes the symbol error probability under
two-stage detection for a given input power P?

e How many rings? More rings for increasing input power due to phase noise.
e How many points per ring?
What radius distribution?

What phase offset? Two-stage detection is insensitive to a phase offset.
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Thank you!

FIORCE
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