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This paper introduces a joint nonlinearity and chromatic dispersion pre-compensation method for coherent optical

orthogonal frequency-division multiplexing systems. The research results show that this method can reduce the walk-

off effect and can therefore equalize the nonlinear impairments effectively. Compared with the only other existing

nonlinearity pre-compensation method, the joint nonlinearity and chromatic dispersion pre-compensation method is not

only suitable for low-dispersion optical orthogonal frequency-division multiplexing system, but also effective for high-

dispersion optical orthogonal frequency-division multiplexing transmission system with higher input power but without

optical dispersion compensation. The suggested solution does not increase computation complexity compared with

only nonlinearity pre-compensation method. For 40 Gbit/s coherent optical orthogonal frequency-division multiplexing

20×80 km standard single-mode fibre system, the suggested method can improve the nonlinear threshold (for Q > 10 dB)

about 2.7, 1.2 and 1.0 dB, and the maximum Q factor about 1.2, 0.4 and 0.3 dB, for 2, 8 and 16 ps/(nm·km) dispersion

coefficients.
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1. Introduction

Coherent optical orthogonal frequency-division
multiplexing (CO-OFDM) has attracted interest for
long-haul and high-speed transmission, due to its abil-
ity to overcome transmission impairments such as
chromatic dispersion (CD) and polarization mode dis-
persion (PMD).[1,2] fibre nonlinear effect is a serious
problem necessary to consider for the modern opti-
cal communication systems,[3−5] and it is more se-
rious for CO-OFDM because orthogonal frequency-
division multiplexing (OFDM) exhibits a higher peak
to average power ratio (PAPR) at the transmit-
ter than single-carrier formats like quadrature phase
shift keying (QPSK).[6−8] Recently, electrical non-
linearity compensation for optical OFDM systems
has been proposed, but the method is more suit-
able for optical OFDM systems with optical disper-
sion compensation or systems using low-dispersion fi-
bre (6 ps/(nm·km) or 2 ps/(nm·km)) without optical
dispersion compensation.[2,9−12] That is, this nonlin-

earity compensation method decreases the advantages
that optical OFDM system can use electrical channel
estimation to substitute for optical dispersion com-
pensation, or only limited to a low-dispersion fibre
system.

In this paper, we show a joint nonlinearity and
chromatic dispersion pre-compensation (JNLCDC)
method for CO-OFDM systems. Compared with
the existing nonlinearity pre-compensation solution
in Ref. [9] with the same simulation parameters, the
JNLCDC method can reduce walk-off effect, hence can
equalize the nonlinear impairments effectively. The
simulation in this paper is carried out by means of the
commercial software VPItranmissionMaker 7.6, and
40 Gbit/s CO-OFDM 20×80 km standard single-mode
fibre (SSMF) simulation system is constructed. The
simulation results show that the JNLCDC method
can avoid using optical dispersion compensation in
CO-OFDM systems even for high-dispersion fibre sys-
tems with higher input power and the 2-step JNL-
CDC solution does not increase more computation
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complexity compared with the existing nonlinearity
pre-compensation method.

2. Principle of JNLCDC method

Optical OFDM systems are sensitive to nonlin-
earity because they use very closely-packed channel
(tens of MHz).[10] The nonlinear effect can be per-
compensated in time-domain by adding a compen-
sation phase ϕcomp(t)[9] that is proportional to the
signal optical power P (t) according to ϕcomp(t) =
−γP (t)NLeff ,[11] where γ is the fibre nonlinear co-
efficient, N is the number of fibre spans, Leff is an
effective length of each fibre span for nonlinearity com-
pensation. However, the compensation is derived as-
suming that there is small walk-off in the transmission
system (low dispersion or dispersion is compensated),
because the walk-off does reduce the effectiveness of
this scheme where optical waveform evolves along the
fibre.[10] This means nonlinearity of pre-compensation
is only effective at the initial stages of the fibre link
as it uses the transmitted power in its calculation.
In the middle of the link, the phase shifts may not
improve performance for the walk-off caused by CD
of the fibre. Therefore, the method is only effec-
tive for low-dispersion fibre systems (6 ps/(nm·km)
or 2 ps/(nm·km)) or high-dispersion fibre systems
(16 ps/(nm·km)) with optical dispersion compensa-
tion in each span.

In this paper, by using the suggested JNLCDC
method, the performance of optical OFDM systems
can be improved evidently. In this method, the

nonlinear phase compensation is divided into several
parts while intermittently inserting electrical disper-
sion compensation at transmitter, hence the impact of
the walk-off induced by dispersion is suppressed and
the compensation effect of nonlinearity is enhanced.
The setup of JNLCDC method is shown in Fig. 1. The
location of JNLCDC is at the transmitter, as shown
in Fig. 2.

Fig. 1. Setup of 2-step JNLCDC.

The following example explains the method of 2-
step JNLCDC. The nonlinear compensation phase is
separated into two parts: ϕ1(t) and ϕ2(t), and we have

ϕ1(t) = −γP (t)LeffN/2,

ϕ2(t) = −γP (t)LeffN/2. (1)

In this case, the nonlinear phase and CD values of
the optical OFDM system are divided into two parts,
named 2-step JNLCDC scheme. Firstly, half of the
nonlinear phase ϕ1(t) is compensated for the 1st half
part of the optical fibre system, followed by the half
value of total CD value of the system to mitigate the
walk-off in this part. The 2nd part of the nonlinear
phase ϕ2(t) is used to compensate for the nonlinear ef-
fect remained. The residual dispersion in the 2nd half
of the optical fibre system is compensated at receiver
by channel estimation.

Fig. 2. Setup of 40 Gb/s CO-OFDM system with JNLCDC.
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3. CO-OFDM system setup

For evaluating the performance of the suggested
JNLCDC method, a 40 Gb/s CO-OFDM transmis-
sion system is constructed by commercial VPItrans-
missionMaker7.6 software. The setup of the system is
shown in Fig. 2.

The original 40 Gb/s data is first mapped onto
1024 frequency subcarriers with QPSK modulation
format, which, together with 16 pilot subcarriers, are
transformed to the time domain by an inverse fast
Fourier transforms (IFFT) of size 2048 with a zero
padding ratio of 50%. A cyclic prefix (CP) of length
256 is used, resulting in an OFDM symbol size of 2304.
By parallel to series (P/S) converting, the JNLCDC
module is subsequently inserted after CP. For channel
estimation, training symbols (TS) are inserted into
OFDM symbol sequences. The time domain samples
are serialized and converted by two digital-to-analog
(D/A) converters before driving in-phase/quadrature
modulator (I/Q Mod.), where two Mach–Zehnder op-
tical modulators are biased at null point, the optimal
bias for optical field modulation.[6]

The optical link comprises 20 × 80 km SSMF,
without optical dispersion compensation and the sig-
nal is singly polarized and does not consider the PMD
effect. The optical amplifiers compensate for the 16-

dB fibre loss in each span and have a noise figure (NF)
of 6 dB. The detail parameters of transmission link are
shown in Table 1.

A coherent receiver (Coh. Rec.) is used at the
receiver, composed of a local oscillator laser, an opti-
cal hybrid and two pairs of balanced photodetectors.
The electrical signal is first sampled by two analog-to-
digital (A/D) converters. Symbol synchronization is
then performed.[13] After CP stripping and series to
parallel (S/P) converting, electrical dispersion com-
pensation (EDC),[7] channel least squares estimation
(LSE)[14] and pilot-assisted common phase error com-
pensation (PA-CPEC)[15] after fast Fourier transforms
(FFT) are used.

The performance of the simulation system is in-
dicated by bit-error ratio (BER). The BER is de-
rived from the symbol variance since the optical
OFDM nonlinear distortion is approximately Gaus-
sian distributed.[8] Therefore, the electrical signal
quality is measured from the constellation q and can
be defined as q = µy/σy and Q = 10 lg(q2), averaged
over all subcarriers.[10] The BER can be estimated by
using BER = (1/2)erfc(q/

√
2). In order to ensure the

correctness of Q factor, 64 OFDM symbols are simu-
lated, which are equivalent to 131072 (64 × 2 × 1024)
bits.

Table 1. Transmission link parameters.

Attenuation α Dispersion β2 Nonlinear index n2 Effective core area Aeff

0.2 dB/km 16 ps/(nm·km) 2.6 × 10−20 m2/W 80 µm2

dispersion slope β3 gain of EDFA NF of EDFA laser linewidth

0.08 ps/(nm2·km) 16 dB 6 dB 100 kHz

4. Results and discussion

Figure 3 plots the Q factor versus the effective
length Leff with 2-step JNLCDC scheme for a set of
the input powers in each span for 20 × 80 km SSMF,
the link parameters is listed in Table 1. The effective
length is used to tune the nonlinear compensation.
It is clear that for each input power the Q factor im-
proves significantly as compared with nonzero effective
lengths. In the linear regime (low fibre launch pow-
ers < −2 dBm), where the amplifier noise becomes the
limiting factor in transmission link, the system perfor-
mance is similar for every effective lengths. However,
in the high input power, the system is limited by fi-
bre nonlinear impairments, so the JNLCDC method
is more effective to compensate the nonlinearity and
a steep increase in Q factor is observed. The increase
in Q factor is > 3 dB with the input power of 5 dBm.

Fig. 3. (colour online) Q factor versus effective length per

span for a range of powers for 20 × 80 km 16 ps/(nm·km)

SSMF.

In comparison of the advantages of the JNLCDC
method, the systems to be compared include 1) the
system without any nonlinearity and dispersion pre-
compensation (labeled: w/o any pre-comp); 2) the
system only with nonlinearity pre-compensation like
that in Ref. [9] (labeled: w/NL pre-comp); 3) the sys-
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tem with 2-step JNLCDC (labeled: w/2-step JNL-
CDC). Simulation parameters are the same in all sim-
ulation cases. Figure 4 shows the Q factor as a func-
tion of the input power in a 20×80 km 16 ps/(nm·km)
SSMF system, where JNLCDC and NL pre-comp
methods are conducted in the same simulation con-
ditions and the link parameters are shown in Table 1.
The compensation effect of NL pre-comp like that in
Ref. [9] is not obvious as compared with that without
any Pre-comp systems and the 2-step JNCDC method
can improve the system performance evidently, espe-
cially in the high input power case.

Fig. 4. (colour online) Q factor versus input power into

the first span for 20 × 80 km 16 ps/(nm·km) SSMF.

In studying the feasibility of JNLCDC method,
we have compared the 2-step JNLCDC with the 3-
step and 4-step JNLCDC. The idea of n-step JNLCDC
can be deduced from 2-step JNLCDC, that is, the to-
tal nonlinear compensation phase and CD value is di-
vided into n shares equally, each part of the nonlinear
phase and dispersion is pre-compensated in turn in
JNLCDC module. The compensation effects are also
shown in Fig. 4. With increasing step number of JNL-
CDC, Q factor is increased, but this increase is not
outstanding. Considering the complexity of hardware
realization, the 2-step JNLCDC is the most cost-effect
solution. The CD is a linear effect, it can be equalized
easily in optical CO-OFDM systems in the electrical
domain at the receiver. The JNLCDC method com-
pensates for a part of CD at the transmitter and does
not introduce much complexity compared with the NL
pre-comp method.

For applying the 2-step JNLCDC method to a low
dispersion fibre system, Fig. 5 shows the results for the
20 × 80 km SSMF with dispersion coefficients 2 and
8 ps/(nm·km). Without any pre-compensation, there
is about 4.0 dB drop in Q factor of the 2 ps/(nm·km)
system compared with the 8 ps/(nm·km) fibre system

at 0 dBm input power; this suggests that low disper-
sion fibres suffer the greatest penalty due to nonlin-
earity and thus allow the lowest input power. With
NL pre-comp, the Q factor is improved as compared
with w/o any pre-compensation, but there is still 2 dB
difference in Q factor between the 2 ps/(nm·km) sys-
tem and the 8 ps/(nm·km) fibre system at 0 dBm
input power. Conversely, with 2-step JNLCDC com-
pensation, low-dispersion fibres offer the highest im-
provement of Q factor, while there is no obvious dif-
ference in Q factor between 2 ps/(nm·km) system and
8 ps/(nm·km) fibre system for the input power less
than 5 dBm. This is because the pre-compensation
is more effective when the walk-off along the fibre is
low.[9] The reason is that the JNLCDC method com-
pensates part of CD at transmitter, hence the walk-off
is reduced compared with the NL pre-comp scheme.
The JNLCDC method also allows systems to be op-
erated at higher powers. The nonlinear threshold
(NLT), defined as the maximum power limit for the
Q to be > 10 dB, can be increased almost 2.7 dB
and 1.2 dB by 2-step JNLCDC method for the 2
and 8 ps/(nm·km) fibre systems, respectively. Corre-
spondingly those benefits are 0.8 and 0.3 by NL pre-
comp scheme.

Fig. 5. (colour online) Q factor versus input power into

the first span for 8 and 2 ps/(nm·km) fibre of 1600 km

link.

Figure 6 shows the constellation diagrams in re-
ceiver after 20×80 km 2 ps/(nm·km) SSMF transmis-
sion, the input power in each span equals 0 dBm. Fig-
ure 6(a) shows the case without any pre-compensation
case, while Figs. 6(b) and 6(c) show the NL pre-comp
case and the 2-step JNLCDC case respectively. We
can see that the scatting range of constellation points
in Fig. 6(b) is better than Fig. 6(a) and Fig. 6(c) is
the best one. Figure 6 verifies that the 2-step JNL-
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CDC can compensate nonlinear penalty remarkably in
comparison with the other 2 approaches.

Fig. 6. (colour online) Constellations in receiver af-

ter 1600 km for 2 ps/(nm·km) fibre with input power

in the first span equal to 0 dBm: (a) without any pre-

compensation method, (b) with NL pre-comp method, (c)

with 2-step JNLCDC compensation method.

5. Conclusions

A joint nonlinearity and chromatic dispersion pre-
compensation method has been proposed for the CO-
OFDM system. In this method, the nonlinear phase
compensation is divided into several parts while in-
termittently inserting electrical dispersion compensa-

tion is given at transmitter, hence the impact of the
walk-off induced by dispersion is reduced. In this
way, the JNLCDC method can equalize the nonlin-
ear impairments more effectively. Compared with the
existing only nonlinearity pre-compensation method
in Ref. [9], the JNLCDC method is not only suit-
able for low-dispersion fibre systems, but also effective
for high-dispersion fibre transmission systems with-
out optical dispersion compensation. For 40 Gbit/s
20 × 80 km SSMF systems, the JNLCDC method
can improve the nonlinear threshold (for Q > 10 dB)
about 2.7, 1.2 and 1.0 dB, and the maximum Q factor
about 1.2, 0.4 and 0.3 dB for 2, 8 and 16 ps/(nm·km)
fibre systems, respectively. The method allows the
CO-OFDM system to avoid using optical dispersion
compensation even for high-dispersion fibre system
with higher input power, and the 2-step JNLCDC so-
lution does not increase more computation complexity
compared with the nonlinearity pre-compensation.
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