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In this paper, AND-subtraction detection scheme compatible with OCDMA system and EDW code
was simulated. The aim of the simulation is to adjust the AND-subtraction detection SNR equation
for better accuracy in passive optical network (PON) applications. The simulation is performed by
(optisys 06) software. The software considered the entire possible practical effects during
implementation, such as dispersion, nonlinear effect of the fiber and attenuation of the fiber.
The simulation results compared to the analytical results were based on SNR and BER
mathematical equations. The comparison shows that the analytical equation should be modified
so that the received power (P,,) be more accurate for PON applications.
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1. Introduction

Motivated by the successful capacity improvement of code division multiple access
(CDMA) techniques in wireless communications, many researchers have become
interested in the development of optical CDMA systems [1]. The optical code-division
multiple access (OCDMA) is a method of sharing the bandwidth of optical fiber among
anumber of active users in a broadcast local area network [2, 3] where the multiplexing
of signals from different users occurs in the optical side as well as de-multiplexing.
Using single-mode optical fibers as media has many advantages as it can provide usable
transmission bandwidth of 25 THz in the 1.55-um wavelength window. This can
support ultrahigh-speed data transmission and networking applications [4], with
signals travel at the light speed.
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An additional advantage of using fibers is the security because the signal travels
through the fiber where no interception or jamming occur. The foundation of OCDMA,
as we know it today, started with two technical papers — the one by Prucnal and Santoro
(1986) and the other by Weiner, Heritage and Salehi (1988) [5]. After these papers,
many studies were conducted to develop the OCDMA technique to be suitable for
practical applications, like proposed new codes or detection techniques. Many codes
have been proposed for OCDMA, such as optical orthogonal codes (OOC), modified
double weight (MDW) and modified frequency-hopping (MFH) codes. However, these
codes suffer from various limitations one way or another. The codes’ constructions
are either complicated (e.g., OOC and MFH codes), the cross-correlations are not ideal
or the codes are too long (e.g., OOC) [6]. In this paper, we focused on the EDW code
with AND subtraction detection technique. EDW code is an enhanced version of
DW code [7]. The EDW code weight can be any odd number that is greater than one.
The EDW code can be represented by KxN matrix. In EDW codes structures, the matrix
K rows and N columns represent the number of users and the minimum code length,
respectively. The resulting matrix will consist of a chip-combination sequence of
1, 2, 1, 2... (alternating 1 and 2) for the columns (counting from leftmost).
A chip-combination is defined as the summation of the spectral chips (1’s and 0’s) for
all users (or rows) in the same column. The EDW code with the weight equal to three
can be represented by the following matrix:

00|11]01
H =l01/l00]11 (1)
11/01]00

An EDW code with a weight code equal to three for any given code length &, can
be related to the number of users K [7]:

2 2 2
N = 2K+ 4 sin—lgn— 8 sjnM + 4 sin (K+2)n )
3 3 3 3 3 3

2. AND-subtraction scheme for EDW code

AND-subtraction detection technique under EDW code design is shown in Fig. 1
for a weight code equal to three and users’ code sequences: user 1 code sequence =
=00 A3 A4 0 Ag; user 2 code sequence =0 A, 0 0 A5 A, user 3 code sequence = A; 4,
04,00.

The spectral amplitude signal at the receiver side splits into two branches. The upper
branch has the signal for user X, including the overlapped chips between X and Y and
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Fig. 1. OCDMA system using AND-subtraction detection technique under EDW code.

the lower branch has the overlapped chips only. These overlapped chips can be
represented mathematically by AND operation between X and Y.

3. Systems setup

3.1. Analytical setup

The design in Fig. 1 was analyzed by [8] with derivation for SNR and bit error rate
(BER) equations:

REPL(W-1)°

2
SNR = —
P eBR P2 BRKW [ 2K, -4 4K,T B
—[(2KB—4)+W]+ - Wb
N 2AVN w Ry

)

Using Gaussian approximation, BER can be expressed as [7, 9]:

BER = P, = %erfc{ /SITTR} 4

Equations (3) and (4) were derived, basing on two assumptions: i) each user
has equal and fix power at the receiver, equal to P,; ii) the two photodetectors in
the recicever side for each user are identical.
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Table. Analytical setup.

Parameters Symbols Value
Number of users K Variable
Code length N Variable
Weight w 3
Responsivity R 0.749
Received power per user Py 4.41x107°
Electrical band width B 311 MHz
Core matrix number Ky 3
Boltzmann constant K, 1.7x10732
Absolute temperature T, 300 K
Line-width of the thermal source AT 3.75x10'2
Thermal load resistance R, 1030 Q
Electron charge e 1.6x107%¢

These assumptions were made to simplify the mathematic derivation which is hard
to achieve without it. In this paper, we investigated the system performance
analytically through Eqgs. (3) and (4), with the parameters setup as in the Table.

3.2. Simulation setup

The system design in Fig. 1 was simulated by Optisys 06 software produced by
Optiwave Company, with due consideration for all the practical effects in the fiber,
like nonlinearities, attenuation and dispersion. The system was simulated for P2P
connection passive optical network and for the fiber to the home (FTTH) topology.
CW laser diodes for code construction with 0 dBm power were used in the transmitter
side. Data modulation was performed by a Mach—Zehnder external modulator at a bit
rate of 622 Mb/s. The transmission channel was NDSF, 10 km long. The decoders in
the receiver side were constructed using optical filters.

4. System performance and comparison

Under both setups presented above, a comparison in respect to the number of users
was performed between the analytical BER equation and the simulated BER at
the same bit rate (622 Mb/s), as shown in Fig. 2.

Figure 2 shows two curves: simulation and analytical ones, acting in the same way
but with big BER difference between them, for the same number of users. The reasons
for this difference are related to the two assumptions the analytical equation is based
on. The simulation work showed that the P was not fixed, but was a function of
the number of users, where the increase in the number of users resulted in the decrease

in the P, as shown in Fig. 3.
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From Figure 3 we can mathematically describe the relation between P and
the number of users:

P = 1~ (O-144K +3.997) 5)

where K is the number of users. Now, by substituting Eq. (5) in Eq. (3)

EK210—2(0.1441<+ 3.997)(W_ 1)2
SNR = Jf (6)
while
. 10_(0'144K]:[3'997>e39{ [(21(3 s W} .

—2(0.144K +3.997) ;22 2K, — 4 4K, T B
. 10 BR KW { B + W} 4 b"n7

2AVN? w



54 1.SH. HMUD et al.

1.E-01
1.E-29
N )
o 1.E-57
I 4
0 R
1.E-85
_ —A— Modified analytical
1.E-113 —4— Simulation
y —@— Analytical
1.E-141
3 4 5 6 7 8 9

Nmber of users [K] Fig. 4. The number of users via BER.

By applying the analytical setup in Section 3.1 on Eq. (6), the BER will be as in
Fig. 4.

Figure 4 shows that the BER difference between the BER analytical equation and
simulation. BER was reduced by using the modified equation. When the number of
users is less than 5, the difference in BER between the modified and the simulation is
still big; which is because of the error resulting from the electrical subtraction
operation. However, when the number of users is higher than 7, the two curves start
to match each other.

5. Conclusions

The system performance comparison between analytical and simulation results shows
that the analytical equation should be modified to be more accurate for PON
applications. When the number of users is low, the difference in BER is big between
the modified equation and the simulation, because the errors resulting from P
degradation are small in comparison with the errors resulting from electrical
subtraction.
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