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Nonlinear phase noise, often called the Gordon-Mollenauer effect [I], is the major degradation for 
phase-modulated signals [l-81. Non-Gaussian distributed [2-51, the nonlinear phase noise can be characterized 
by neither variance nor Q-factor [MI. The probability density function (p.d.f.) is necessary to better understand 
the noise properties and evaluate the system performance. 

Figures 1 show the p.d.f. of the received signal for a mean nonlinear phase shift of 1 and 2 rad and a 
signal-to-noise ratio (SNR) of p. = 18. The transmitted phase is assumed to be Bo = 0 with a real transmitted 
electric field as &, With nonlinear phase shift of 1 rad, the received electric field of Fig. l a  has a mean 

nonlinear phase shift of 1 rad but asymmetrical with respect to the mean received electric field of &e-'. The 
p.d.f. has phase spreading increasing with the mean nonlinear phase shift. However, the amplitude spreading 
does not change with the mean nonlinear phase shift. From the helix shape of the distribution, the received 
phase correlates with the received amplitude [7,8] and can be compensated using the received intensity. 

Although nonlinear phase noise is uncorrelated with the phase of amplifier noise, as non-Gaussian random 
variable, the phase of amplifier noise and nonlinear phase noise F e  weakly depending on each other. As the 
received phase is the summation of all the linear and nonlinear phase noise, its p.d.f. is shown in Fig. 2. Shifted 
by the mean nonlinear phase shift, the p.d.f. is plotted in logarithmic scale to show the difference in the tail. Not 
shifted by the mean nonlinear phase shift, the same p.d.f. is plotted in linear scale in the inset. From Fig. 2, when 
the p.d.f. is broadened 6y the nonlinear phase noise, the broadening is not symmetrical with respect to the mean 
nonlinear phase shift. 

In conclusion, this paper derives the p.d.f. of an electric signal contaminated with nonlinear phase noise. The 
marginal p.d.f. of the received phase is also-given analytically. 
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a. < Q N L  >= 1 rad b. < Q N L  >= 2 rad 
Fig. 1. The p.d.f. of received signal for a mean nonlinear phase shift of 1 and 2 rad. 
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Fig. 2. The p.d.f of the received phase in logarithmic 

scale. The inset is the p.d.f. in linear scale. 
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