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Abstract—Maximum likelihood sequence es-
timation (MLSE) has been proposed in earlier
literature to combat the effects of nonlinear dis-
persion in intensity modulation/direct detec-
tion (IM/DD) optical channels. In this paper,
we develop a theory of the bit error rate (BER)
of MLSE-based IM/DD receivers operating in
the presence of nonlinear dispersion and am-
plified spontaneous emission (ASE) noise. We
focus on long haul or metro links spanning sev-
eral hundred kilometers of single mode fibers
with optical amplifiers. Numerical results show
a close agreement between the predictions of
the theory and computer simulations.
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I INTRODUCTION

High-speed fiber optic transmission systems suffer
from impairments like chromatic dispersion (CD),
polarization mode dispersion (PMD), and amplified
spontaneous emission (ASE) noise due to optical am-
plifiers. The combination of these impairments with
the square-law response of the photodetector results
in nonlinear intersymbol interference (ISI) and non-
Gaussian, signal dependent noise. Due to this nonlin-
ear nature, techniques like feed forward equalization
(FFE) or decision feedback equalization (DFE) are
severely degraded, whereas maximum likelihood se-
quence estimation (MLSE) equalization is not (Agazzi
et al., 2004a).

MLSE receivers have been widely studied in the con-
text of additive white Gaussian noise (AWGN) chan-
nels. Nevertheless, among the properties that require
a new study on lightwave systems are the nonlinear na-
ture of the optical channel and the fact that the noise
is non-Gaussian and signal-dependent.

MLSE-based receivers have already been reported
(Winters and Gitlin, 1990; Haunstein et al., 2001;
Agazzi et al., 2004b). Weiss (2003) reported com-
puter simulations of MLSE receivers in the presence of
CD, PMD, and ASE noise. A semi-analytical method

to evaluate the bit error rate (BER) of MLSE based
IM/DD receivers operating in the presence of non-
linearities and generic non-Gaussian signal-dependent
noise, was introduced by Agazzi et al. (2004b). How-
ever, closed-form analytical expressions for the bit er-
ror probability similar to those available for AWGN
channels (Proakis, 1995) have not been reported so
far.

We introduce in this letter a simple analytical ex-
pression for the bit error rate in the ASE-limited
case, a condition usually satisfied in practice (Agrawal,
1997; Ramaswami and Sivarajan, 2002). Computer
simulations show a close agreement with the predic-
tions of our theory. Furthermore, our results are very
useful to analyze performance in schemes like turbo
equalization and turbo coding.

The rest of the paper is organized as follows. In
Section II we present the channel model. A brief de-
scription of MLSE receiver is given in Section III. Per-
formance analysis is introduced in Section IV. The
predictions of the theory are compared with simula-
tion results in Section V. Conclusions are drawn in
Section VI.

II CHANNEL MODEL

Figure 1 shows a simplified model of the system under
consideration. The transmitter modulates the inten-
sity of the signal using a binary alphabet. Let {an}
be the sequence of information bits at the input of
the optical transmitter (an ∈ A = {0, 1}). The op-
tical power ratio between the pulses representing a
logical 1 and a logical 0 is called the extinction ra-
tio. We assume that the intensity level for a logical 0
(an = 0) is different from zero (i.e., finite extinction
ratio), which is usual in practical transmitters (Ra-
maswami and Sivarajan, 2002). The optical fiber in-
troduces chromatic and polarization mode dispersion,
as well as attenuation. Optical amplifiers are deployed
periodically along the fiber to compensate for attenu-
ation, but also introduce ASE noise in the signal. The
received optical signal is filtered and then converted to
a current by a PIN diode or avalanche photodetector.
The resulting photocurrent is filtered by an integrate
and dump electrical filter (Marcuse, 1990). The out-
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