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Abstract

In this study, the performance of MC-CDMA over Rayleigh fading channels was examined. MC-
CDMA seems to be a suitable solution for today's various wireless networks' high-speed data
transfer demands. With MC-CDMA, you get the best of both worlds: OFDM and CDMA in a
single package. A system that combines the benefits of OFDM and CDMA is MC-CDMA
(CDMA). An MC-CDMA system has a wide range of factors that might impact its overall
performance, including the spreading sequence, modulation methods, user count, and detecting
method. An HNLF-based nonlinear fiber is used to put the approach into practice. After-
optimization is the name given to this feature (OSPO). For a system operating at a distance of
2000 kilometers, a 1.5 dB improvement in the Q factor was discovered. WDM 100 Gb/s 5
channels transmission lengths of 2000 and 2500 kilometers saw an improvement in Q factor of
roughly 1 dB. DPSK systems were used to evaluate the method across a 300-kilometer
transmission distance to ensure its effectiveness.

I.Introduction

Optical phase conjugation, an established chromatic dispersion and nonlinear effects.
technical method, is used to account for Being unfamiliar with the
optical ~ fiber  transmission  systems'
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transmission bit rate and modulation
scheme limits the speed at which they can
process data.MSSI and MNTI approaches
have both been successfully used to test
OPC modules on transmission systems
that use the on-off keying (OOK)
modulation scheme [1-3]. There is a major
difference between MNTI and the first
technique. Neither MSSI nor MNTI define
where the OPC should be placed since
they rely on Kerr effects to correct for the
dispersion that occurs when the OPC is
placed half-way across the connection. A
third of the way down a connection when
employing PM transmission methods is
where the OPC unit goes. According to P.
Minzioni et al, it is known as Gordon-
Mollenauer Compensation (GMC).

Nonlinear phase noise may be eliminated
at the receiver by using OPCs in optical
transmission systems that are susceptible
to nonlinear signal distortion. Because of
OFDM's Inter Symbol Interference
cancellation (ISI) difficulties, methods like
MSSI, MNTI, and the so-called GMC
must be replaced by MC-CDMA
technology. To yet, there has been no
evidence that MC CDMA, a potential
high-speed  wireless ~ communication
system technology.

A number of studies have been done on
the impact of different system components
on performance. Models like Walsh,
Golay, Gold, orthogonal Gold, Zadoff-
Chu, and MSF-MUD have their MC-
performance CDMAs compared in [3].
The peak-to-average&BER power ratio of
a Rayleigh multipath channel for MC-

CDMA are shown in Figure 4. According
to [5,] nonlinear FEC coding may reduce
communication quality. Different
equalization techniques are tested in [6]
using MIMO MC-CDMA.

By simulating various parameters in
MATLAB, the MC-CDMA system's
performance may be evaluated in order to
see how well it performs in real-world
scenarios. It is possible to compare the
simulation outcomes by looking at metrics
such as BER and SNR.

I1.Systems Design and Principles of
Operation

A.Description of SimulationSetUp

To ensure the accuracy of the commercial
'Optisystem' results, the simulation makes
use of a 1024-bit sequence with 32
samples per bit. As seen in Figure 3, the
simulation’s technique is laid out in detail.
The DQPSK transmitter is shown in
parallel in Fig. 1. Pseudorandom data
streams with a data stream length of 215-1
are generated wusing Mach-Zehnder
modulators (MZMs).

MZN clock-controlled RZ-DQPSK signal
with a core frequency of 193.1 THz is
utilized to create a 33 percent duty cycle
signal. For a successful loop optical fiber
preamplifier, you'll need an attenuator as
well as a preamplifier (VOA).This is a
diagram of our present system, which you
can see in Figure 1. While the MC-CDMA
system relies on OFDM as a back-up, the
latter is used by the former. In the
beginning, a convolutional encoder
compresses data in binary form (1 or 0) at a



rate of 12x. Data is distributed using L=16
codes like Walsh-Hadamard and Gold.
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The OFDM block is the second portion of
the MC-CDMA system that processes this

spread sequence. At the receiver, a sequence

is received with channel information and the Fig.1:Diagram of the System to be
equation’s noise addition (3) Analyzed.
r=Hs+n (3)

In the optical fiber loop, there are two SSMF
and DCF EDFA stages (DCF). Lists SMF

n is the noise vector in this example, while and DCF values. EDFA employs a 5 dB noise
H is the channel matrix. In order to estimate figure (NF) to compensate for each span's 5
the transmitted data, the MRC, EGC, ZF, dB loss in SMF and DCF. Constant 16 dB
and MMSE algorithms are used to determine EDFA after the SMF was utilized to keep
the channel equalization sequences. DCF input power low enough to limit
nonlinear effects.
. SpreadingCodes Tablel:FiberParameters
It is possible to eliminate cross-user
interference by carefully selecting a D
Spreading sequence for each device. The fiber | ¢ (ps S Y Lengt
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Receivers' optical band pass filters must

have data-rate comparable bandwidth.
There are two PIN detectors used in the
Mach-Zehnder interferometer. Each PIN
photodiode has A/W dark current (PD). A
100 dB Bessel low-pass filter with a bit
rate of 0.75 is used once a signal is
detected.Three regenerators transmit an
electrical signal to the BER analyzer to
construct an eye diagram, BER, Q value,



and eye opening. In Fig. 1, MZDIs split
the signal into | and Q. Analyzers decode |
and Q.

IV.ModulationSchemes
In digital modulation, data bits are converted
into signal waveforms for transmission
across an analog channel [9]. In this section,
modulation strategies are discussed.

A. BinaryPhaseShiftKeying(BPSK)
The carrier signal's phase shifts between the
binary one and zero values as it changes
values from one value to another. Splitting
the two steps in half by 180 degrees is
standard procedure. [9]

B. QuadraturePhaseShiftKeying(QPSK)

There are two ways to modify Phase Shift
Keying (QPSK). Because each QPSK
symbol transmits two bits, the bandwidth
efficiency is two times greater than with
BPSK [9]. Zero, 90, 180, and 270 degrees
are the initial signal arcs.

V. DetectionTechniques

EGC, MRC, ZF, and MMSE are the four
detection methods that we've looked at
so far (MMSE).

EGC uses numerous copies of the same
signal weighted identically independent
of signal loudness to obtain a decision
statistic [7].

The MRC scheme signals are first co-
phased before being weighted and
summed based on their respective
SNRs. There are seven separate SNRs,
and when they are combined, the SNR
is the sum of their individual values [7].

This is done by inverting the frequency
response of the channel in order to

achieve zero-force implementation. No
interference from multiple access is
caused by multiple access because zero
forcing maintains orthogonality
between the distributed data.

Four-point MMSE equalization is based
on the criterion of Mean Square Error
(MSE). Because it does not totally
reduce noise power, MMSE equalizer
has a unique advantage over other
equalizers [7].

A. Affects of Spreading Sequence on

System Performance
Figures 1 and 2 show the performance of
Walsh code and Gold code. Both users' data
are modulated with BPSK and QPSK and
encoded at 12th-rate convolutional rate.
Transmission-to-receiver connections
experience Rayleigh fading.

—8—ZF-GOLD
—+— ZF-WALSH
—%— MRC-GOLD

R —B—EGC-GOLD
10 § 4 —#— MMSE-GOLD
BN ; —5F— EGC-WALSH
TR 5 —0— MRC-WALSH
<3 ~E —6— WIMSE-WALSH
10 2 lﬁ%
RN K,
-~
e 'y o
o \1 =N
v 5 N
Wy
S
N SF k:
k. ) |:

10 \\ \'- \

\

Y

B3 »* b
¥ > W

10°

0 2 4 6 8 10 12 1 16 18 20

Fig. 1. Data on system performance
comparisons between Walsh and Gold
codes
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l1. Conclusion
MC-CDMA system performance is studied
in this study using numerous aspects,
Fig. 2: Performance comparisons between including spreading sequence, modulation
Walsh and Gold codes. techniques, number of users, and detecting
methods. Results show that the Walsh code
B. Resultsanddiscussion has a higher signal-to-noise ratio (SNR)
than the Gold code. It is also examined how
A SimulationResults modulation schemes and detection
At four levels of phase deviations (0, /2,, techniques impact the system's efficiency
and —/2 of the optical signal), the DQPSK using simulated outcomes. More than 4 dB

of increase in system performance over
QPSK modulation and the best detection
technique among the four methods
investigated were found. System
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