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Abstract The performance of polarization division-mul
tiplexing (PDM) differential phase-shift keying (DPSK)
modulated signal transmission over a slow varying tur-
bulence channel is estimated in this paper. The tur-
bulent free space optical channel is simulated using a
stochastic differential equation (SDE)-based numerical
channel simulator that takes into account the tempo-
ral correlation effect of the channel. The SDE-based
channel simulator model may significantly ease the free
space optical (FSO) communication system design since
it enables the simulation of channel states according
to predefined first- and second-order statistics, namely
channel distribution and auto-covariance. We report
the performance comparison of the PDM-DPSK system
over an uncorrelated fast-varying FSO channel and a
time-correlated slow-varying channel. Furthermore, to
incorporate the effects of polarization and phase fluc-
tuations in the FSO link, both time-dependent and
Gaussian-distributed, simulated using SDE methods.
The bit error rate (BER) performance obtained from
the numerical simulation of the PDM-DPSK system
shows that the impact of intensity fluctuations is more

severe than polarization and phase fluctuation. The power

penalty relative to back-to-back (B2B) is 0.5 dB, 2.5
dB, and 7 dB for a 1 km FSO link to achieve a threshold
BER of 1073 for weak, moderate, and strong turbulence
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conditions, respectively, for a slow varying turbulence
channel. We find that for fast-changing turbulent chan-
nels, the PDM-DPSK link can not achieve the threshold
BER value, particularly for medium and strong turbu-
lence. For weak turbulence, 2 dB more received power
is required to achieve the threshold BER value. Thus,
the measured BER performances of the PDM-DPSK
system over a fast-varying turbulent channel are over-
estimated, which does not provide the actual link per-
formance over the time-correlated turbulent channel.

Keywords Stochastic Differential Equation (SDE),
Mach-Zehnder Interferometer (MZI), Polarization
Division Multiplexing (PDM)

1 Introduction

Free-space optical (FSO) systems can provide high-data-
rate, secure, and cost-effective communication links for
applications such as wireless front- and backhauling for
5G and 6G networks [1][2]. Advancements in the In-
ternet of Things (IoT), big data, and artificial intelli-
gence (Al) in the area of technology requirement for
high-speed connectivity with larger coverage area are
the primary concern of the sixth-generation (6G) wire-
less communication [2]. Recently, many authors have
proposed the satellite aerial ground integrated network
(SAGIN) as a promising network architecture for fu-
ture sixth-generation (6G) wireless communications[3].
In SAGIN, FSO communication is expected to be the
key technology for providing extremely high-speed con-
nectivity [3]. For terrestrial FSO communication, at-
mospheric turbulence can cause random changes in the
received light intensity, directly impacting communica-
tion performance [4],[5], [6].
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Commonly, On-Off Keying (OOK) modulated sig-
nals are used for FSO communication due to the sim-
ple receiver circuit and cost-effectiveness [7]. However,
OOK-modulated signals are highly sensitive to atmo-
spheric turbulence, and it needs adaptive threshold-
ing to perform optimally[8]. In Binary phase shift key-
ing (BPSK) and differential phase shift keying (DPSK)
modulation formats information is engraved in phase.
At the receiver end the DPSK signal can be demodu-
lated by comparing the phases of two consecutive bits
under a time-invariant channel [9], [10]. Unlike BPSK,
which needs precise phase information over a bit and
needs a phase noise compensation technique during de-
modulation, DPSK demodulation does not require pre-
cise phase estimation [11]. Moreover, the DPSK modu-
lation technique requires no adaptive thresholding and
offers a 3 dB better receiver sensitivity over OOK when
detected with a self-homodyne delay interferometer and
a balanced photo-detector. Thus DPSK can be power
efficient and cost-effective for FSO communication links
[8]. The BER performance of the DPSK modulated
signal over the FSO channel was examined using the
K-distributed turbulence model [9], and over Gamma-
Gamma distributed atmospheric channels[12],[13], [14].

The strength of the turbulence in FSO channel is the
function of the refractive index structure parameter(C?2),
which depends on the temperature variation of the en-
vironment [5]and transversal wind velocity[5],[9],[10]. It
is shown that the correlation time of the received signal
strongly depends on the turbulence strength of the FSO
link and as the strength of the turbulence increases,
the correlation time decreases[15]. Thus, the turbulence
in the FSO channel is a time-dependent process and
varies slowly (in the order of milliseconds) with the en-
vironment temperature and wind velocity [16]. Previous
studies did not consider the effect of the slowly vary-
ing nature of the turbulent channel which is very im-
portant for Gbps rate transmission as the FSO chan-
nel varies at kHz rate [15],[17], [18]. Moreover, works
have reported the performances of the BPSK coherent
polarization division multiplexed (PDM) systems for
FSO communication[19] to increase transmission capac-
ity. We have not found such work for DPSK transmis-
sion over the FSO link. Although in our recent work,
we show that the differential detection technique can
perform better than conventional direct detection tech-
niques for a medium and strong turbulence channel con-
dition over a slow varying turbulence channel for terres-
trial communication[15]. So, there is a need to study the
PDM- DPSK system over a slow varying FSO channel.
As the PDM-DPSK transmission performance gets af-
fected by polarization, phase, and intensity fluctuation,

it is needed to take into account the variations of these
parameters as well. The strength of the polarization and
phase fluctuations are also the function of (C2) value, so
we can consider these fluctuations also time-dependent
and varying slowly, similar to the turbulence channel
states [12],[20], [21]. Thus for a Gbps rate FSO system,
the turbulent channel coefficients remain constant for
a block of bits [18] and a proper channel model needs
to be implemented for estimating the performance of
the PDM-DPSK system. The temporal irradiance fluc-
tuation at the receiver has been observed in [9] and the
temporally correlated Gamma-Gamma channel samples
have been generated by using a time series generator.
Considering the frozen atmosphere assumption the ef-
fect of phase noise and intensity fluctuation on DPSK
modulated FSO system over correlated channels has
been reported in [5], [22]. Although the methods used
in the literature for generating the correlated channel
samples are easy but not accurate and can not be used
for PDM systems.

According to the author’s best knowledge, no work has
been reported on the performance study of the PDM-
DPSK modulation-based FSO link using a stochastic
differential equation (SDE) technique-based channel sim-
ulator, which is more efficient and accurate. This method,
in particular, generates Gamma-Gamma and Gaussian
distributed sample values using the exponential auto-
correlation function with a predefined correlation time
[23]. Using such a model may ease the design of com-
munication systems since it enables the simulation of
channel states according to predefined first- and second-
order statistics, namely channel distribution, auto-covar
iance, and power spectral density. In this paper, we have
simulated the channel statistics using the SDE method
under different turbulent conditions and estimated the
performance of the PDM-DPSK link. Deviation in the
performance estimation if the correlated channel model
is not used is also reported. A simulation model to ac-
count for the combined effect of intensity, phase, and
polarization fluctuations on the BER performance of
the PDM-DPSK system is also discussed.

The remaining paper is structured as follows: Section
2 briefly discusses system model, and Section 3 FSO
channel models. Section 4 and 5 discusses modeling of
temporally correlated channel, and generation of PDM-
DPSK signal, respectively. In Section 6, simulation re-
sults are presented. Concluding remarks are addressed
in Section 7.
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2 PDM-DPSK Transmission
2.1 System Model

The schematic block diagram of the PDM-DPSK-based
FSO transmission system used for the simulation study
is shown in Fig. 1. Two streams of orthogonally po-
larized lights are generated using a polarization beam
splitter (PBS). Two different pseudo-random bit se-
quences (PRBS) are then modulated using two DPSK

modulators with these orthogonally polarized light beams.

Inside the DPSK modulator the data bits are differen-
tially encoded by the delay-XOR pre-coder circuit [6].
Then, the pre-coded data sequence is modulated using
the phase modulator. The DPSK modulated signal is
given by|8];

E(t) = Eoel®®. (1)

Where, ¢, is the phase difference between previous and
current bit, Ey is the amplitude of transmitted optical
field. Then orthogonally polarized modulated signal is
combined using polarization beam combiner and given
to transmit optics. At the receiver side, the signal is re-
ceived by receive optics and given to the erbium-doped
fiber amplifier(EDFA) via variable optical attenuator
(VOA), which control the input power of EDFA. EDFA
amplifies the signal power level and also adds ampli-
fied spontaneous emission (ASE) noise. The ASE noise
power is given by,

PASE = QHSPGhI/B (2)

Where, ng, is spontaneous emission coefficient, G is a
linear gain of EDFA, & is Planck’s coefficient, v is fre-
quency of light and B is the bandwidth of C band. The
amplified signal is passed through an optical band-pass
filter (OPBF) to limit ASE and background noise. Then
the signal is fed into PBS which de-multiplex the x- and
y- polarized signal. Mach-Zehnder Inteferometer (MZI)
based demodulator, which introduces a one-bit delay
in one of its arms. A balanced photodetector (BPD) to
convert an optical signal into an electrical signal. The
current after the BPD is given by;

I(t) = RE§hcos(¢s(t) — ¢s(t — Ty)) 3)

Where, R is responstivity of photo-diode, h is intensity
fluctuation parameter.

3 FSO Channel Model

In this section, we discuss about geometric loss along
with intensity, polarization, and phase fluctuations of
the FSO channel.

3.1 Geometric Loss

In the FSO system, as the medium is unguided due to
the diffraction property of light, the power received at
the receiver optics is less, causing a significant trans-
mission loss. The geometric loss in dB is given by [5],
Dg

} 0

Where, Dgr and Dr are receiver and transmitter diam-
eter respectively and 6y, is divergence angle.

3.2 Effect of Atmospheric Turbulence on Intensity

The most widely used theory for the measuring strength
of turbulence is Kolmogorov which has given unit less
Rytov variance parameter|[4];

02 =1.23C%ksLe (5)

where, 07 is also known as scintillation index, L is the
length of link, &k = 27/X is wave number, X\ is the wave-
length, and C? is a measure of the strength of tur-
bulence in the refractive index and known as the re-
fractive index structure parameter with units of m=2/3,
The value C? range from 10717 m~=2/3 or less for weak
turbulence conditions up to 1073 m~=2/3 or more for
strong turbulence conditions [4],[25].

The distribution of intensity scintillation is modeled by
the Gamma-Gamma probability distribution function
(PDF), which appropriately models weak to strong tur-
bulence regimes of the atmosphere [26].

2aB) D2 as
(@) (5)

where, «, 3 parameters are represents effective number
of large scale cells and small scale cells of the scattering
process whose mathematical expression can be found
in [4], I" is gamma function, K,_g is modified Bessel
function of the second kind of order (« — ), and h is
normalized signal intensity .

f(h) = Ko_5(2+/aBh),h >0 (6)

3.3 Effect of Atmospheric Turbulence on Phase

The fluctuation in the phase of modulated signal in-
duced by atmospheric turbulence is follows Gaussian
distribution [12]. The theory behind phase fluctuation
has already been discussed in paper [12] and experimen-
tally verified in different mediums. The PDF of phase
fluctuation (A6) is given by [12];

1 . <A02> )
X
V2ras P\ 202

f(A0) =
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Fig. 1: Schematic Block diagram of PDM-DPSK based FSO system used for simulation, LD: Laser Diode, PC:
Polarization Controller, PBS: Polarization Beam Splitter, PBC: Polarization Beam Combiner, Tx.: Transmitter,
Col.: Collimator, Rx.: Receiver, VOA: Variable Optical Attenuator, EDFA: Erbium Doped Fiber Amplifier, OBPF:
Optical Bandpass Filter, Pol.: Polarization, MZI: Mach-Zehnder Interferometer, PD: Photo-Diode, ELPF: Elec-

trical Low Pass Filter.

5
Where, 02 = 0.78C2k*L§ L is the variance of phase for
uniform propagation on single point and Lg is outer
scale parameter of turbulence.

3.4 Effect of Atmospheric Turbulence on Polarization
Rotation

The PDM systems are susceptible to fluctuations in the
state of polarization (SOP) and thus require polariza-
tion matching at both the transmitting and receiving
ends [21] and affected by atmospheric turbulence, the
amplitudes of the two orthogonally polarized lights ex-
perience different losses, leading to a change in the SOP
[20]. J. Zhang et al. have studied the random fluctu-
ations in the polarization angle of the light beam in
turbulent media [21]. It is found that polarization fluc-
tuation depends on the index of the refraction struc-
ture parameter, and the distribution of a received po-
larization angle is Gaussian in nature [20],[21]. For the
PDM signal, the polarization rotation effect can be es-
timated by the amplitude received after PBS. The po-
larization rotation angle is A® = $(L) — &(0) where
&(L), and P(0) are the polarization angle at the re-
ceiver and source plane, respectively. If, E, ,E, are the
two orthogonal optical fields received after PBS then
polarization angle is estimated by [?];

AP = tan~! (|| gz |) (8)

The relationship between polarization fluctuation and
the index of the refraction structure parameter is given

in [21]. The PDF expression of the received polarization
angle fluctuation is given by [21];

1 AP
ol (AD) = -— 9
fon(40) =—=—exp - 75 ) )
1.7 2
Where, 0 = (CHLELEA] and [ is scale factor.

3.3
227412

4 Modeling of Temporally Correlated Channel

The numerical technique used in the paper [23] for gen-
erating Gamma-Gamma channel states with an expo-
nential auto-correlation function is efficient and accu-
rate. It addresses the effect of temporal covariance with
a predefined correlation time, and by repeated calcu-
lation of a discrete differential equation, the states of
the channel can be generated. The parameters used for
the generation of temporally correlated channel states
are the distribution parameter and the white Gaussian
noise (WGN) sequence [23]. This method is based on
the numerical solution of the first-order SDE.

4.1 Generation of Gaussian Distributed Channel
Coefficient

The temporally correlated Gaussian distribution has
been generated by using the method given below. The
first order SDE is given by [24],

dx

g = Pl@) +a(@)E) (10)
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where, p(z) and ¢(x) are drift and diffusion function.
For a Gaussian process with exponential auto-correlation
function, the p(x) and ¢(x) are given in ([28], Eq.(48),
(50)). The values of p(x) and ¢(x) for Gaussian process
with correlation time 7. are given by [27] ;

ple) =~
2 (1)
q(x) = ZTC

By using the solution of stochastic differential equation
given by (]23], Eq.(13)), and putting the values of p(z)
and ¢(x) discrete time differential equation for Gaussian
process is given by;

— 202 A
(2 M)At—l— o2 At

Te Te

&k (12)

Tk41 = Tk —

Where p1, 02 are mean and variance of the known pdf
respectively. Indexes k, k + 1 are related to values at
time tg, and tg1 respectively. £(t) is normally uncorre-
lated WGN process and At is channel sampling period.
Fig.2 (a) shows the samples of temporally-correlated
Gaussian process has generated using Eq.12 with 7. =
5 ms, channel sampling period 10~* sec, u = 0 and
o = 2.0398. The normalized histogram of the tempo-
rally correlated Gaussian samples is shown in Fig.2 (a).
Here the analytic Gaussian PDF is also plotted and it
is found that the normalized histogram matches well
with the analytical PDF.

4.2 Generation of Gamma-Gamma Distributed
Channel Coefficient

Solving SDE samples of temporally correlated Gamma
distributed process are generated. The general expres-
sion of discrete time differential equation for Gamma
channel simulator with a predefined correlation time 7.
is given by [23];

€T =
s T + At

(13)

The two different Gamma distribution can be obtained
by using Eq.13 putting © = 1/« and © = 1/8. If z,
yr are two Gamma process with parameters «, § and
correlation time 7., then Gamma-Gamma process can
be obtained by the multiplication of two Gamma dis-
tribution solution,

hi = zryk, k. (14)

TpTe + aOAL + OAL(E} — 1)/2 + [22,07.Al]Y/2¢,

0 10 20 30 40 50
t[msed]

(a)

0 10 20 30 40 50
$t [msec]$

(b)

Fig. 2: (a) Time Correlated Gaussian process for 7. = 5
ms, (b) Temporally-correlated samples of the Gamma
process for 7, = 5ms.

Fig. 2(b) shows samples of temporally correlated
Gamma distributed process with 7. = 5 ms and o = 5.
The normalized histogram of the samples and the ana-
lytic PDF are shown in Fig.3 (b). Results indeed show
that the PDF of the generated samples matches well
with the analytic PDF.

5 Transmitter and Receiver Modeling for
PDM-DPSK Signal

5.1 Transmitter

At transmitting end as shown in Fig.1, two data PRBS
(with maximal length 23! — 1 and 2% — 1) are mod-
ulated by the DPSK modulator using two orthogonal
polarized light beams. Then both orthogonally polar-
ized light beams are combined by a polarization beams
combiner (PBC) and transmitted to free space sharing
the same bandwidth and carrier frequency. The polar-

ized baseband optical field is given by;
Eio(t) = Eoe? =W, 15)
By (t) = Ege??=v® g,

Where, Ey = [Eyy; Eyy]’ is transmitted signal vector of
2 x 1 and Z, g represents the SOP at the output of PBC
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Fig. 3: (a) The analytic PDF and the normalized his-
togram of the generated temporally correlated Gaus-
sian samples 7. = 5 ms, (b) The analytic PDF and the
normalized histogram of the generated temporally cor-
related Gamma samples 7. = 5 ms.

aligned with £ and § axis. ¢, and ¢, are the signal
phase for x and y-polarized signals, respectively. Here
it is assumed that the amplitudes of both polarizations
are equal. For an effective communication system, the
polarization rotation effect rotates the axis of polar-
ization by angle A¢p. Then a new axis of polarization
became x’ and y’ as shown in Fig.1.

5.2 Receiver

At receiving end, the signal received by receive optics is
given to PBS which demultiplex the signal into x and y
polarization as shown in Fig.1. The polarization rota-
tion effect, along with phase and amplitude fluctuation
affected the received signal E, = [E,; E.,]". The two
components of the received signal coming out of the two
ports of the PBS are given by;

Era(t) =
Ery(t) =

FEoh[co
Eqhco

s(AP) — sm(A@)}eJ(%L(tHAe)’

$(AD) + sin(AP)]el (Psv()+20) (16)

Each polarized signal is demodulated by a delay-MZI
based demodulator as shown in Fig.1. The expression
for output current following a balance photo-detector
and electrical low pass filter (ELPF) for the optical sig-
nal coming out of the x-polarized port of PBS can be

given by,
+ = RE2h[cos?(AD)cos(duy(t) — ¢su(t — Tp))
+ sin® (AD)cos(sy (t) — ¢sy(t — Tp))

— 5in(AP)cos(AD) (cos(¢sz(t) — syt — Tp))

) —
+ c08(Pse (t — Tp) — Py ()] + 1.
(17)

Where, n, is the additive white Gaussian(AWGN). T;
is the bit period, R is the responsivity of the photo-
detectors in BPD and h is the channel gain. Similarly,
we can obtain the current, 7, at the output for the op-
tical field coming out from the y-port of the PBS.

Table 1: List of Parameters and Constants

Name Symbol  value
Wavelength A 1550 nm
Data-rate Ry 1 Gb/s
Responsivity R 1

Boltzmann constant ks 1.38 x 10722 J/K
Electron charge q 1.69 x 10719 C
Outer scale parameter Lo 10 m

Scale factor l 10—8

Channel sampling period At 10~ sec
Correlation time Te 1—10 ms
Transmitter Diameter Dt 0.08 m
Receiver Diameter Dr 0.1 m
Divergence Angle Odiv 0.001 radian
EDFA Gain G 30 dB

6 Simulation Results and Discussions

In this section, we discuss the numerical simulation
results of the PDM-DPSK-based FSO system perfor-
mance over the different atmospheric scenarios at a data
rate of 1 Gb/s. The values of the parameters and con-
stants used in the simulation study are given in Table-
1. The temporally correlated channel coefficients are
simulated for weak, medium, and strong turbulence for
correlation times of 5 ms, 3 ms, and 1 ms, respec-
tively, using the numerical method discussed above.
The data rate of 1 Gbps is chosen to reduce the sim-
ulation time, as a higher data rate needs more bits
to transmit through the channel to capture the slowly
varying nature of the FSO channel. We strongly believe
that the simulation method is even applicable for higher
data rates as well. For the estimation of BER, the total
time window for simulation is taken at least ten times
the correlation time. The BER values are reported only
when the bits in error exceed 100. The performance of
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Table 2: Parameters for Simulating Different Turbulent
Conditions

Parameters ‘Weak Medium Strong
Name Turb. Turb. Turb.
C2?2 (inm~2/3) | 5x10716 | 5x 107 | 5x 10~
T (in ms) 5 3 1
os (in radian) 0.1724 0.5451 0.7710
o4 (in radian) 0.0420 0.0747 0.0889
or 0.0998 0.3155 0.9977

only the x-polarized signal is estimated as other polar-
ization behave similarly. Power penalties are estimated
at the target BER of 1072 as the 7%-over head FEC
requires 3.8 x 1073 of BER value.

Fig. 4 shows the BER performance of the PDM-

DPSK channel for an x-polarized signal after 1 km of
link length. The weak turbulence condition is simulated
by considering the parameters listed in Table-2. To es-
timate the effect of intensity, phase, and polarization
fluctuation we have simulated three different scenarios;
(i) link affected by only intensity fluctuation, (ii) link
affected by both intensity and phase fluctuations, and
(iii) link affected by intensity, phase, and polarization
fluctuation. It is to be noted that only the third scenario
will be observed in practice. Under correlated channel
conditions, the results show that intensity fluctuation is
the main contributor to the BER degradation; whereas
phase and polarization fluctuations play an insignifi-
cant role. This is due to the quasi-static nature of the
turbulence for the bit period. The phase and intensity
barely change between two bits, which are having 1 ns
of durations. The results show that in presence of inten-
sity, phase, and polarization fluctuation around 0.5 dB
of power penalty is estimated at a BER value of 1073
when compared to the back-to-back condition.
In Fig. 4 we also plot the BER performance for the
uncorrelated channel, which is simulated with similar
parameters as listed in Table-1 but only the correla-
tion time is made negligibly small. Under this situation
the intensity, phase, and polarization change in each
bit. It is observed that in the uncorrelated channel,
the performance of PDM-DPSK becomes worse than
the correlated channel, making the power penalty at
1073 BER equal to 2.5 dB (2 dB more than the corre-
lated channel). Moreover, we also observe that a slightly
more penalty is observed when both intensity and phase
fluctuations are considered, compared to only intensity
fluctuation conditions. Thus we infer that the simula-
tion of the uncorrelated channel will overestimate the
BER values, whereas the actual system may perform
better.

0 : : : : :
Uncorrelated
-1 Channel i
2k
-3
i
=
=] 51 — Threshold BER
%0 —+—B2B
R Intensity
—— Intensity+Phase
_7 H—6— Intensity+Phase+x-Polarization
Intensity
-8 /=% Intensity+Phase Correlated
~{~ Intensity+Phase+x-Polarization Channel
_9 T T T T T T 1 1 1
21 20 -19 -18 -17 -16 -15 -14 -13 -12 -11

Received Power (dBm)

Fig. 4: BER. Vs received power in weak turbulence for
1km. The solid line is for the correlated channel and
the dashed line is for the uncorrelated channel.

In Fig.5, we show the BER performance of 1 Gbps/
polarization DPSK signal transmission over a 1 km FSO
link under medium turbulence conditions. The BER
performances are estimated in the presence of intensity,
intensity+phase, and intensity+phase-+polarization fluc-
tuations for both correlated and uncorrelated channels.
The channel parameters are listed in Table-2. From the
BER results it is observed that the uncorrelated chan-
nel model is not at all suitable for BER estimation as it
fails to achieve the required BER of 1073. For the tem-
porally correlated channel in presence of fluctuations
from all three parameters, the estimated power penalty
at 1073 BER is found to be 2.5 dB. Moreover, it is seen
that the BER penalty is mainly contributed by inten-
sity fluctuation as the phase and polarization do not
change between two consecutive bits in a temporally
correlated channel.

Fig. 6 shows the BER performance under strong
turbulence in a 1 km FSO link. The estimated power
penalty is found to be 7 dB at a BER of 1073. Similar to
the medium turbulence condition, under strong turbu-
lence also uncorrelated channel model fails to achieve
a BER of 1073, From the performance estimation of
PDM-DPSK signal transmission, it is concluded that
consideration of temporally correlated channels is es-
sential. Else the BER values get overestimated. More-
over, our presented SDE-based channel simulator can
be beneficial for emulating different temporally corre-
lated channels.
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7 Conclusions

In this paper, we report the performance of the PDM-
DPSK-based FSO link over the temporally correlated
turbulent channels, which are simulated by using the
SDE-based numerical method. In this study, we con-
sider the effect of intensity, polarization, and phase fluc-
tuations. Temporally correlated Gaussian and Gamma-
Gamma distributed samples are generated by solving
the SDE with predefined correlation times. These are
then used to simulate the phase, polarization, and in-
tensity fluctuation of a turbulent FSO link having a

length of 1km. To compare the performance of the tem-
porally correlated channel with the uncorrelated chan-
nel responses are also simulated considering fast fluctu-
ation. The BER results show that the performance of
the PDM-DPSK signal over the FSO link is highly de-
pendent upon the atmospheric turbulence; as the strength
of turbulence increases, the power penalty also increases.
Moreover, results also reveal that the effect of polariza-
tion and phase fluctuation on the PDM-DPSK-based
FSO link is negligible over different turbulence condi-
tions when compared to the intensity fluctuation. The
results also indicate that the BER values are overesti-
mated over the fast-varying channel. Simulation results
show the power penalties at BER of 1072 for weak,
medium, and strong turbulence are 0.5 dB, 2.5 dB, and
7 dB, respectively. Whereas under medium and strong
turbulent conditions the PDM-DPSK system fails to
achieve the BER of 1072 when fast varying uncorre-
lated channel models are considered.
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