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Abstract: In this study, the performance of a spectral-amplitude-coding optical code division multiple access (SAC-OCDMA)
system in the asynchronous regime is evaluated using a Gaussian approximation of the decision variable for codes with fixed
cross-correlation used in SAC-OCDMA systems. The authors consider the effect of phase-induced intensity noise (PIIN),
thermal noise and shot noise. Moreover, the validity of the Gaussian approximation is confirmed by a Kolmogorov—Smirnov
fitness test. For sake of comparison, the bit error rate (BER) of the asynchronous SAC-OCDMA system is also plotted
numerically in comparison with the BER of the synchronous SAC-OCDMA. They show that a SAC-OCDMA system without
any time management for the users, that is, the asynchronous regime, has a better performance than the synchronous

SAC-OCDMA when PIIN effect exists.

1 Introduction

Optical code division multiple access (OCDMA) systems are
among attractive candidates for access networks in optical
communications. In these systems, each user is assigned a
unique spreading sequence (signature) to be distinguished
from the other users. A major advantage of OCDMA
systems compared with other multiple access techniques is
that they do not require traffic management and system
synchronisation. Among OCDMA systems, spectral-
amplitude-coding OCDMA (SAC-OCDMA) attracts more
attention than before because of low complexity devices [1]
and the ability in suppressing the mean of multiple-access
interference (MAI) [2]. The main performance degrading
factor in SAC-OCDMA systems is the phase-induced
intensity noise (PIIN) which originates from the incoherency
of the broadband light sources of different transmitters [3].

Several signature codesets with fixed weight and fixed
cross-correlation between codes have been proposed for the
SAC-OCDMA systems, such as m-sequences [4],
Hadamard [5], modified-quadratic congruence (MQC) codes
[6], modified frequency-hopping codes [7], balanced
incomplete block design codes [8] and modified double
weight codes [9]. To alleviate the PIIN in the
SAC-OCDMA systems, the codes with the minimum
cross-correlation between codes are used.

Recently, Noshad and Jamshidi [10] presented both lower
and upper bounds of the bit error rate (BER) for the
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synchronous SAC-OCDMA system which uses a family of
codes with fixed weight and fixed cross-correlation. Shalaby
[[1] has obtained the BER of the synchronous
SAC-OCDMA system based on Gaussian approximation of
MALI for codes with fixed cross-correlation. However, there
is no performance evaluation for the asynchronous
SAC-OCDMA system which is a more attractive candidate
in the implementation. In this paper, we obtain the BER of
the asynchronous SAC-OCDMA system. In the analysis,
PIIN, shot noise and thermal noise are considered. It is
shown that the effect of PIIN is less severe in the
asynchronous regime than in the synchronous regime.
Therefore, the performance is outperformed if there is no
time management in SAC-OCDMA.

The rest of the paper is organised as follows. Section 2
describes the SAC-OCDMA system model. The BER is
evaluated in Section 3. Section 4 shows the numerical
results and finally Section 5 concludes the paper.

2 SAC-OCDMA system model

In a SAC-OCDMA system, each user is assigned a code
sequence of length L, weight w and cross-correlation 4 from
a code set C(L, w, 1). The intensities of the spectral
components for each pulse are modulated using these codes
[1]. A SAC-OCDMA system with N users is considered.
The optical frequency and bandwidth are denoted by f.. and
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Av, respectively. In the analysis, the first user is considered to
be the desired user. A balanced detection scheme is utilised in
the receiver [1] which consists of a coupler and two branches.
The upper branch uses an amplitude mask of ¢c; €C and a
photodetector while the lower branch uses the photodetector
and an amplitude mask of ¢, [12]. To mitigate the mean of
MAL, it is necessary to have an optical coupler with ratio 1:
Mw—A) [12]. The outputs of the photodetectors are
subtracted and compared with a threshold to detect the
information bit of the desired user [2]. Since it is assumed
that the photodetectors are identical, the output of the
subtractor can be written as

RI(D Ty
S:Ton |EU(r)|2dr—j0 |EL(t)|2dt] M

where R denotes the responsivity of the photodetectors, Ty, is
the bit time duration. Also Ey(¢) and Ey (¢) denote the incident
field of the upper branch and the lower branch, respectively.
We consider a SAC-OCDMA system with asynchronous
users where g(r) is the normalised light field envelop
of users in the spectral width Av/L and P is the power of
the users. Then, in a bit time duration of the first user Ey(¢)
and £y (¢) can be shown as (see (2 and 3))

where Aw=2x AV/IL, wy=2r (f.—Avi2—AV/L), ¢,(t) and
¢ ,; (¢) are the phases of the optical signals with zero initial
condition in the ith chip of the first bit and of the second
bit, respectively, for the nth user. In (2) and (3), 6,; and ¢ ,;
are the initial phases of light for first and the second bits of
the nth user, respectively. d,,; and d,, are the first and the
second information bits of the nth user, respectively.
Furthermore, 7, and 7, = 7, — T}, are the relative delays of
the first and the second bits of the nth user to the time
reference of the first user, respectively. It is important to
note that we assume 7;=0 and 7, is a uniform random
variable in [0, T,] for n# 1. Moreover, ¢,;(¢) is modelled
as a Wiener—Levy process as explained in [13] and 6,; and
¢, are the uniform random variables in [0, 27z]. It is
important to note that because of the incoherent sources
being used, all phases of optical fields in all of the spectral
bins for all users are supposed to be independent [10].

3 BER analysis

In this section, we try to find the BER of the system described
in Section 2. The main assumption in our analysis is that
because of the large number of users and based on the
central limit theorem (CLT), s [in (1)] can be considered as
a Gaussian random variable. In the numerical results
section, validity of the Gaussian approximation is
investigated by comparing simulation results and analytical
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results. Base on the Gaussian approximation, it is enough to
find mean and variance of s. The probability of error
conditioned on the MAI is obtained and then the total
probability of error is calculated by taking the average over
all possible MAIs. In the following subsections, we derive
the means and the variances of the outputs of upper and
lower branches.

3.1 Upper branch

The output of the photodetector in the upper branch can be
written as

R (1o
Iy ==\ |Ex0Pdt =1,y + Ly 4)
]L 0

where /1y and I,y are given as follows

PR (T , o
Iluzﬂjo Z}an(dnlga—rn>2+dn2g(r—rnf)c,,(z)cl(z)dr

PR AT ,
=7 (an‘f‘ZFj (d,gt—1,) +d, 8t —7,)) dl)
n>1"bJ0
O]
(see (6) at the bottom of the next page)

It is important to note that the desired bit of the first user is
supposed to be dq;. Owing to the random initial phases, /1y
and Iy are uncorrelated. Therefore it is enough to obtain
the mean and the variance of each term individually. The
mean of /iy is obtained as

T, (T
E(IIU):¥<dllw+ij j g(t_T)szdtZ(dnl+dn2))

2
Tglo Jo =

RP ("™
:—<d11w+ A(K,; +K2)—zj j gt—7)7° det)
L Tglo Jo

O

where

Klzzdnla K2=Zd,,2 (®)

n>1 n>1

Owing to the random initial phases, that is, 6,,’s and @,,’s, the
mean of I,y is equal to zero. Moreover, calculation of cri is
not required because it will be seen in the next subsection that

P . )
Ey(t) = \/; Z Z [dm gt — 7, O T HAWET )b (1=7,)+0,1)

+d,g(t—7 )ei(Wo(t—TL)+iAW(t—T’n)+¢lu-(t—T’n)+Giu-)]cn (i)ey (i) ©)

AP : _
E (1) = = Z Z [dnlg(f _ Tn)e](wo(tfT,,)+1Aw(t7Tn)+d>,,,~(177n)+0m-)
n i

gt — )T ) [, i) () 3)
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the term

PR T
L (Z TbJ (dnlg(t_Tn)z—‘rang(t_ T;:)z)dt> (9)
n>1

appears in the lower branch, hence this term is mitigated in s.
Therefore we only obtain the variance of Iy;. Owing to
T,>(L/Av), for m=n and i#j the summation in (6)
vanishes [11]. Therefore I,y can be written as (see (10))

It can be proven that a;, a,, a3z and a4, which are defined in
(10), are uncorrelated. Therefore we have

o

hy

=04+ 05, + 00, + 0, (11)

The variance of a; is calculated as

o= (TbL) IS Zc Den(i)e ey ()

m>n ij m'>n 1,

e (@)ew (e (e (EE,,
jj {dnldmldn’ldm’lg(t_ Tn)g(t_ Tm)g(s_ Tn’)g(s_ 7-m’)
x cos[wO(Tm — T, = Ty + T+ AW(( —))t

— (' = )s+jr,—it,—j T, +iT,)
+ d)ni(t_ Tn)_ ¢m](t_ Tm)_ ¢n/i/(s— ’Tn/)

g (5= T )+ O — Oy — Oy + em,j,] } drds
(12)
The expectation in (12) is not zero if
O — Opp — O+ 0, =0 (13)

The condition given in (13) is satisfied if
i=1, j=j, n=n', m=w (14)
Therefore the variance of «; can be calculated as

PR
Y B,

m>n ij

jj mlg(t U )g(t_Tm)g(s_Tn)g(S_Tm)
x cos| Aw((i =)t —(i=/}9)+ b, (= T,)
(1= T,) = (s =T+ b,y (5= ,) | drds (15)

To calculate (15), the following property of Gaussian random

variables is used: for a Gaussian random variable y and
constant y, we can write [13]

E(cos(x -+ X)) =cos(xo)e (472) (16)

where o-f( is the variance of y. Moreover, for the Wiener—Levy
process ¢,,;(¢), it has been shown that [14]

E{[6ut)~ 6,0)] | = defD, 1,1 =2" "2 1)

where 7. is the coherence time of the sources. It is assumed
that all sources have the same coherence time. By using
(16) and (17), o oq can be calculated as (see (18) at the
bottom of next page)

where

1 (%
Ry (t,s)def FJO git—ngls—ndrn#1 (19)
g(g(s) n=1

Exact calculation of (18) is too complex. However, it can be

2RP ij
Ly = ——

0 mzn,(n,i) # (my)
X dy1dg(t = 7,)g(t = 7,) cos(wiy(7,

+ andmlg(t - T;z)g(t - Tm) COS(WO(Tm

o+ dypds8(0 = 7, )t = 7,) c0s +(wo(rl, = 7) 4+ Al =)t 4+, — 1

Cn(i)cm(j)cl (i)cl (]) X {dnldmlg(t - Tn)g(t - 7-m) cos (WO(Tm

— 1)+ Aw((i — )t + 7, — iT)+ it — 7,) —

— 7))+ Aw((i — )t +j,

- Tn) + AW((Z _])t +.]Tm - iTn)

¢mj(z - T )+ 0}11 - gmj)
— Tt = 7) = byt = 7,) + 6, — 6,,)

G~ 7) = @t — 7))+ 6, — 6),) |de

(6)
2RP (T S PR
Ly = ﬁjo > e, e, (e e () x {d,d,ug(t — 7,)g(t — 7,,) cos(wy(T,, — 7,) + Aw((i — )t + jT,, — i,)
m>n,ij
+¢ni(t - Tn) - quj(t - 7.m) + Gni ny) +d, ng(t - T;n)g(t - Tn) Cos (WO(T;Vl - Tn) + AW((Z _J)t +]T;n - iTn)
10
+ d)ni(t - Tn) - qs;nj(t - T;n) + 0ni - mj) + dn2dm1g(t - T:’l)g(t m)COS(WO(T T:z) ( )

+Aw((i —j)t+j

+ cos(wy(7,, — 7,) + Aw((i — j)t +j7,
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Tm — lT;t) + (;b;”'(l‘ - 7;1) - ¢mj(t — T 6::: - emj) + andmZg(t -
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shown that for i#; the summation in (18) vanishes if
T, > L/Av. Therefore (18) can be written as

2
R
o =2 (%) D> eie, ey (d,d,,

m>n i

x ”R;(r,s)Rg(z,s)e—2<'f—S'/ %) deds

=2h (TbL> Z Zcm(l)cl(l)dll ml

m>1 i

PR
2 (TbL) 2 2 cDen(eidydyy  (20)

m>n>1 i

where

h=g(t)g(s)R(t,5)e 217 drds

=R (1,5)%e 2017 drds Q1)
Finally, 0. can be written as

@]

PR
_Zh( bL) Ay d,

m>1
20
()

Y dudy (22)
By the same method as in calculating oi], we obtain

m>n>1
o —Zh( ) Ay Y d,

m>1
+2h <TbL> m;;I (23)
o —2h< ) > dpd, (24)
m>n>1

= 2h ( ) Z mZ (25)

m>n>1

From (23)-(25), a’%ZU can be written as

PR PR
a%zu_2h<T L) M, (k) +Ky)+2H <T L) ALK3 (26)
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where k7 and «, are defined in (8) and

= Y dud, +d,

m>n>1

A +d,d

m

1+dpd, (27)

k3 can be calculated as

1 1
K3:§(K1 +K2)2—§(K1+K2)_K4 (28)

where k, = Zn>1 d,d,. As it will be seen in the numerical
result section, using (28) makes our calculation simple.

3.2 Lower branch

The output of the photodetector in the lower branch can be
written as

R (T
I=—| |EL@0)fPdt =1 +1Iy (29)
Tb 0

where [, and I, are defined as follows

A PR /
Iy = o /\Tbj ZZ gt — 7, + d gt — 7))

x ¢, (i), (i) dt

PRA To ,
= L—Tb (Z JO (dnlg(t - Tn)2 + ang(t - Tn)z) dt)

n>1
(30)
(see (31) at the bottom of next page)
From (1), (5) and (30), it can be easily observed that 7,  is
mitigated by the second term of 7;y. Therefore the
calculation of the mean and the variance of 1, is enough.
The mean and the variance of /, | can be easily obtained by

using the similar steps as in (11)—(26) as

E(ly) =0 (32)
A A\ [(PR\* w
o2 =2h (m) (ﬂ) Mi=F)e  G3)

3.3 Statistics of decision variable

The decision variable is approximated by a Gaussian random
variable as

N N(—dllw 02(d11; Ky, Ky, K4)) (34)

PR
o :2<Tb )ZZC Den)er e, (DE, X dyydyg(t = 7,)8(t = 7,)8(s = 7,)
m>n 1ij
g(s — 7, cos[Aw(i — j)(t — 5)]e 2(=/%) dr ds (18)

2

=2 ( > D0 e, (e (i)ei() x dyid,, Ryt )Ry (2, 5) cos(Aw(i — j)(t — 5))e 2U=s1/%) gy ds

m>n ij
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where
2 2 2 2, 2
o (dyy, Ky, Ky, Ky) = 07, + 07, +opr+o5  (35)

Let o‘% and o‘é represent the variances of thermal and shot
noises, respectively which are calculated as [11]

07 = 4k T°B./Ry (36)
0§ = 2eB(E(ly) + E(I,)) (37)

where kg =1.38 x 102* J/K is the Boltzmann’s constant, 7°
is the receiver noise temperature, R is the receiver load
resistance, e=1.6 x 10™'° C is the electron charge and B, is
the receiver electrical bandwidth, that is, B, = 12T},

Finally, the total probability of error can be expressed as

1

P, = 7 Z P(ky, Ky, Ky)
K1,K2,Kq4
x [Pleld;; =1, Ky, Ky, k) + Pleld;; =0, Ky, Ky, Ky)]

(38)

where P(k1, k>, K4) is the joint probability distribution of x,
K, and k4. P(x1, K5, kK4) can be calculated as follows

P(ky, Ky, Kq) = P(i))P(ry | )P (g Ky, K7) (39

From (8), it can be proved that x| and x, are independent.
Therefore we have

P(ky|K1) = P(Ky) (40)
Moreover, from (8), x; and x» have binomial distribution as

(")
Kj
Plky) =~

N1

(")
Pliy) =~ 2t @1

oN-1

P(x4/x1, K») can also be calculated as follows
()" h)
42
N1 (42)
K

P(rylKy, ) =

Therefore, from (39)-(42), the joint probability P(ky, x>, k4)
can be calculated as

(e )M

2N-1 2n-1 N —1
Ky

(43)

P(Ky, Ky, Kg) =

Based on the Gaussian assumption of the decision variable, P
(e/dll = 19 K1, K2, K4) and P(e/dll :07 K1, K2, K4) can be
calculated as

RwP
T - Aopt

P(€|d11 = 19 Ky, Ky, K4) = Q 0'(1K—K2K4)
s\t Rp» ’

A
P — 0 —of B\
(eldyy =0, Ky, Ky, Ky) Q(o-s(O, Ky, Ky, K4)) “

where Q(x) = ﬁ f;roo e~/ 4y and Agpt is the optimum
threshold. Finally, the total error probability is obtained by
substituting (43) and (44) in (38). It is noted that the
summation in (38) is calculated over the following limits

0<k, K <N-1

max{Kl + Kk, — (N —1), 0} < Ky <min{k, Ky} (45)

Moreover, the optimum threshold in (44) is chosen such that
P, takes its minimum value.

4 Numerical results

In this section, the BER given in (38) is plotted numerically
for the two code sets MQC and Hadamard. The curves are
plotted using the following parameters. The receiver load
resistance Ry =1kQ, Av=3.5THz, 7.=37.714ps, the
photodetector responsivity R = 1 and the receiver noise
temperature 7°=300 K. The optimum threshold, Ay, is
calculated numerically in the receiver for each N. However,
the effect of threshold variation is also investigated in this
section. For simplicity, we consider that the pulse g(¢) is a
rectangular pulse. However, one can obtain the results for
other types of pulses. For sake of comparison, we also plot
the BER of the synchronous regime obtained in [11].

In the first figure, we investigate the validity of Gaussian
approximation of the decision variable. To this end, the

A 2PR (D
L N
=S TATL L mzn,(;#mﬁc,,o)cm(/)cl(z)cl(/)

X [dnldmlg(t - Tn)g(t - Tm) COS("VO(Tm - Tn) + AW((Z _j)t +]Tm - iTn)+¢ni(t - 7-n) - ¢mj(t - Tm) + 0ni - emj)

+ dnldmZg(t - T;n)g(t - Tn) COS(WO(T;H - 7-n) + AW((I _J)t +J7-;n - iTn) + ¢ni(t - Tn) - d):nj(t - T;n) + Hrli - 0;)1])

t dady gt = )8 — 7,008 (w(7, = 7,) + AW((E = )t + 7, — TG — 7)) = Bt = 7,) + 6, = 6,,)

+ andmZg(t - T;n)g(t - 7;1) COS(WO(T;n - T;z) + AW((l _j)t +]T;n - lT;z)—i_d);n(t - T;z) - ¢;nj(t - Tl,n) + 0;1' - 9:71_/')
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normalised histogram of the decision variable, that is, s, for
100 000 different samples is plotted in Fig. 1 together with
a Gaussian distribution function when d;; =0. In Fig. 1, we
neglect thermal and shot noises. The Hadamard codes with
length 64 are used, the data rate is 130 Mbps and the
number of users is 60. From Fig. 1, it is observed that the
normalised histogram of the decision variable is well fitted
to the Gaussian distribution function. This shows the
validity of using CLT in the analysis.

In addition to Fig. 1, to show the validity of the Gaussian
assumption in the analysis, the result of a Kolmogorov—
Smirnov (KS) test with 100 000 samples is plotted in
Fig. 2. A summary about KS test is presented in the
Appendix. In the performed KS test, the parameters same
as for Fig. 1 are used. The results are plotted against the
number of users. Fig. 2 shows that when the number of
users increases then the KS test shows more precise fitness
to a Gaussian probability function. This result confirms the
Gaussian assumption for the decision variable s.

Fig. 3 shows the BER of the asynchronous SAC-OCDMA
in comparison with the synchronous SAC-OCDMA BER
obtained in [11] against the number of users for MQC (132,
12, 1) and Hadamard (128, 64, 32) codes. The power of
users is set to P=—10 dBm and the data rate is 130 Mbps.
From Fig. 3, it is observed that the performance of the
synchronous regime is degraded more than the
asynchronous one. In fact, Fig. 3 shows that the effect of
PIIN is more considerable in the synchronous regime.
Furthermore, it is observed that the performance of the
system with MQC (132, 12, 1) codes is much better than
the case with Hadamard (128, 64, 32) codes. This is
because in the MQC codes, the cross-correlation between
codes is 1 but in the Hadamard codes the cross-correlation
is L/4.

In Fig. 4, the performance of the system for different data
rates is presented. To this end, the BER of the system is
plotted against the data rate in Fig. 4. MQC (132, 12, 1)
codes are used and the number of users is assumed to be 60
and 80. Moreover, the power of users is —10 dBm. It is
observed that if the rate increases then the performance
degrades. This is because the variance of the decision
variable increases if the rate, that is, 1/7;, increases. Note
that since in the analysis the assumption7} > L/A, has
been used, the result for very high chip rates, that is, L/T,
is not plotted in this figure. In fact, for a very high chip rate

012 T T
—— Histogram

| | | | ‘}ﬁ | | —— Gaussian pd_[_.:
0.08 ’r‘

0.04}

T ST =5 0 5 10 15 20

Fig. 1 Normalised histogram of decision variable compared to a
Gaussian distribution function
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KS measure
o

2 4 6 8 10 12 14 16 18
number of users

Fig. 2 KS fitness test results against the number of users

that the assumption 73, > L/A, is not valid, the result based
on the analytic formula in this paper is a lower bound. For
the rates used in Fig. 4, it can be shown that the assumption
is valid thus the results are exact. However, for very high
chip rates that the assumption is not fulfilled a new
investigation should be performed to obtain the exact
expression of the BER.

In order to show the performance of the system for a very
high data rate 1 Gbps, we have to decrease L to fulfill the
assumption 7, > L/A,. To this end, MQC (56, 8, 1) codes
are used. The result is plotted in Fig. 5. It is observed that,
for example, for a BER =107>, 20 users can be supported
while from Figs. 3 and 4 for the rates 130 and 500 Mbps,
about 120 and 60 users can be supported, respectively.

Fig. 6 shows the BER of the asynchronous SAC-OCDMA
using MQC (132, 12, 1) codes for N=60, 80, 120 and the
data rate 130 Mbps against the power of each user. It is
observed that the effect of PIIN cannot be reduced by
increasing the power. Moreover, the performance is
degraded for the low power values because of the effect of
shot noise and thermal noise.

—e— Synchronous, Hadamard(128,64,32) |
—&— Asynchronous, Hadamard(128,64,32) |
=6~ Synchronous, MQC(132,12,1) |
| =% Asynchronous, MQC{132,12,1) |
30 40 50 60 T0 80 90 100 110 120
Number of users

Fig. 3 BER against the number of users for the synchronous and
asynchronous regimes using MQOC (132, 12, 1) and Hadamard
(128, 64, 32) codes for the rate 130 Mbps
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10_2 . : : . . . e

—%— 80 users
—£—60 users

150 200 250 300 350 400 450 500
Rate(Mbps)

Fig. 4 BER of the system against the data rate for MOC (132, 12,
1) codes

In the previous curves, the threshold is set to the optimum
threshold which is a function of the number of active users.
However, the number of active users is not known in some
cases and it is important to know the impact of threshold
variation in the receiver. Fig. 7 shows the effect of variation
in the threshold for N=80 and MQC (132, 12, 1). The
power of users is set to —10 dBm, the data rate is 130
Mbps. In Fig. 7, the BER is plotted against the normalised
threshold, that is, the ratio of threshold to the optimum
threshold. Fig. 7 shows the sensitivity of the BER to the
variation in the threshold. It is observed that the system is
sensitive to the threshold value and choosing a good
threshold is an important task in the receiver. It can be also
observed that every 10% error in the optimum threshold
will result in one order of magnitude error in the BER
approximately. This simple state can be helpful for
designers of such receivers.

5 Conclusion and future works

Performance evaluation of a SAC-OCDMA system in the
asynchronous regime using the Gaussian approximation for

BER
3

10+ 1
[—%—Rate=1Gbps ||

10 15 20 25 30 35 40 45 50
Number of users

Fig. 5 BER of the system against the number of users for MQC
(56, 8, 1) codes and the rate 1 Gbps
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Fig. 6 Asynchronous SAC-OCDMA BER against the power of
each user for MOC (132, 12, 1) codes
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Fig. 7 Asynchronous SAC-OCDMA BER against the normalised
threshold for MOC (132, 12, 1) codes and N = 80

the decision variable was presented. In fact, the mean and
the variance of the decision variable in the receiver were
obtained considering the effect of the PIIN, shot noise and
thermal noise and then the total error probability was
obtained. Validity of the Gaussian approximation of the
decision variable was also investigated by a KS fitness test.
The comparison with the synchronous regime shows a
degradation in the synchronous system because of the effect
of PIIN, shot noise and thermal noise. In other words, time
management in the synchronous regime degrades the
performance of a SAC-OCDMA system. Considering the
fact that the asynchronous regime is a more attractive
candidate for implementation compared to the synchronous
one, our analysis gives a realistic picture of the
SAC-OCDMA system performance.

In this paper, the BER results for various data rates are
presented. However, the analysis is based on the assumption
T, > L/A,. This assumption is in fact a limitation on the
data rate. For a data rate which does not fulfill this
condition, the BER derived in this paper is a lower bound.
Therefore an investigation without considering this
assumption for very high data rates can be a future work.
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7 Appendix

KS fitness test is performed as follows

sup |F,(s) — F(s)| (46)

where in our case F(s) is the cumulative distribution function
(CDF) of a Gaussian random variable and F,(s) is the
estimated CDF of the decision variable using n samples
which is calculated as follows

li’l
Fs)=-) I 47
0=, 2 K (47)

In (47), s; is the ith sample and /; _ is the indicator function,
equal to 1 if 5; <s and equal to zero otherwise.
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