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Abstract – In DC/CDMA systems, overcoming 
near/far effects is imperative for satisfactory 
performance. One way to combat the near/far 
effect is to use stringent power control. Another 
approach is multiuser detection (MUD). In 
addition to mitigating the near/far effect, MUD 
has more fundamental potential of raising 
capacity by canceling MAI. In this paper we 
going to present MUD scheme’s known as 
successive interference cancellation (SIC). Where 
DS-OCDMA receiver was studied based on the 
SIC technique without hard limiter. Also we 
mention to use this technique with hardlimiter 
placed before the nondesired users.  
 
Index Terms - optical code-division multiple 
access (OCDMA), multiple-access interference 
(MAI), hard limiter (HL), optical orthogonal 
codes (OOCs), Successive interference 
cancellation (SIC). 
 

I. INTRODUCTION 
 
Code Division Multiple Access (CDMA) has 
emerged as the technology of choice for wireless 
and optical transmission, because it provides a 
number of attractive features over other multiple 
access schemes – time division multiple access 
(TDMA) and wavelength division multiple access 
(WDMA) to meet the high capacity, which requires 
each user to use different wavelength to transmit. 
When the number of users is large or the channel 
access is bursty, OCDMA offers an advantage over 
WDMA, due to the OCDMA characteristics of 
graceful degradation as the number of users increase. 
Other advantages of CDMA are flexibility to user 
allocation and security against unauthorized users. 
As the communication channel is not subdivided 
into time or frequency slots, CDMA allows random 
access to an indefinite number of users. As 

additional users subscribe to the system, they can 
be given unique codes and then access the 
channel without the need to synchronize with any 
other user. The capacity of CDMA systems 
employing the conventional matched filter 
detector at the receiver end is often limited by the 
interference due to the other users in the system, 
known as multiple-access interference (MAI). 
MAI is introduced in CDMA systems due to the 
inability to maintain complete orthogonally of 
users’ signature sequences over the hostile 
communication channels. [1]- [5] 

Due to these advantages, (CDMA) has 
been the focus of much research in the last twenty 
years, primarily in the radio frequency domain, 
and also in the optical domain, where the 
traditional method to recover the data at the 
receiving end of an optical CDMA system is to 
use an optical correlator followed by a 
photodetector and a decision device [1]. 

To enhance the performance of the 
correlation receiver, the simplest techniques are 
used, where Salehi and Brackett used an optical 
hard limiter before the correlator at the receiver 
side [3]. Although the performance of their 
receiver (which involved an ideal photodetector) 
was improved, Kwon [6] has shown that such 
improvement becomes insignificant or more 
realistic systems, e.g., with avalanche 
photodiodes (APDs).With the implementation of 
double optical hardlimiters before and after the 
correlator at the receiving end, Ohtsuki [7], [8] 
was able to significantly improve the error-rate 
performance. Recently, Shalaby has proposed a 
new receiver model, called a chip-level receiver 
[9]. This receiver does not require the optical 
hardlimiters or the correlator in its 
implementation; hence, it is much more practical 
than the correlation receiver with hardlimiters. 
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The other studies on interference-
cancellation techniques are inspired by radio 
frequency (RF) communications, such as multiuser 
detection [1], parallel interference cancellation 
(PIC) [4], [10]–[14], serial interference cancellation 
[15], or turbo codes [16]. These techniques are more 
complex than the HL techniques, but they are more 
efficient. In [4] and [14] Shalaby et al. have 
presented several interference-cancellation 
techniques which significantly improve the 
performance for a modified prime sequence. Here in 
this paper we are going to design new method of 
interference cancellation schemes to mitigate MAI 
for OCDMA, based on the use of HL device and 
SIC. 

The paper unfolds as follows; section II 
describes the general direct detection OCDMA 
system. Also the popular detection options are 
described in other subsections: correlation detector, 
optimal detector. The SIC system performance 
analysis is presented in section III. Finally we give 
our conclusion in section IV.  
 

II. DS-OCDMA SYSTEM DESCRIPTION 
 
A. System Structure 

 
In our system we consider an incoherent, DS-
OCDMA system, where the system consist of N 
users, labeled n = 1, 2 . . . N, using on-off keying 
(OOK) modulation to transmit binary data via 
optical channel for each user. And specific sequence 
code for each user. In particular, OOC will be used 
as the signature codes [1] in this paper. Where it’s a 
family of (0,1) sequences of length F and weight W 
which satisfy that λa, λc are equal to 1, with good 
auto- and cross correlation enables the effective 
detection of the desired signal. The nth user has the 
spreading code 

)()( , ccnkkn kTtPTctc −= ∑∞

−∞=
            (1)  

Where }{ 1,0, ∈nkc , Tc refers to the chip 
duration, and Pτ (t) is the rectangular pulse in [0, τ] 
with unit amplitude. We consider an ideal 
synchronous case, i.e., τk = 0. It has been shown in 
[3] that the synchronous case is the worst case. Let:  

 )()( , iTtPTbtb niin −= ∑∞
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              (2) 

Refer to the binary data of the nth user where 
}{ 1,0, ∈nib  and T is the bit duration. Then we can 

say that the intensity signal of the nth user is 
)()()( tctbAtS nnnn = where An is the signal 

strength of the nth user. In this case in the 
receiver side we can get the signal r(t) as sum of 
the user’s signals. As follows: 
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Where τn are the relative delay, and we consider 
an ideal synchronous case, τn = 0. The term ρ  
represents the noise signal due to the dark current. 
 
B. Conventional Correlation Receiver 
 
It is the simplest receiver structure. Assuming the 
desired user is j, and as described in [3], that the 
receiver signal r(t) in case of this receiver is 
multiplied by the code sequence corresponding to 
the desired user cj(t). Then after the T period we 
can get the decision value .)( j
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In the above equation the second part 
refer to the big problem faced the researchers in 
OCDMA called MAI. In the next stage the value 

)( j
iZ  is compared with the decision threshold 

levelθ , to get the estimation of the transmitted 
bit )( j

ib . Where in this receiver, the photon counts 
over all mark positions of the underlying code are 
collected to form one decision Variable Y:  
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It is clear that a threshold θ  is set. And if 
the collected photon counts in one bit time is less 
thanθ , “0” is declared, otherwise “1” is declared 
to be sent. 
Also it has been shown in [3] that the error 
probability )(θbp  for the ideal synchronous case 
is: 
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C. Conventional Correlation Receiver with hard 
limiter (CCR with HL) 
 
It’s an optical device [3] placing before the tapped 
delay line, which used to reduce the interference 
effect, by reducing the receiver optical power. An 
ideal OHL function is defined as: 
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Also in [2] has been shown that for ideal 
chip synchronous case the error probability is: 
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III. SUCCESSIVE INTERFERENCE CANCELLATION 

 
In this section we will explain a new design 
interference cancellation scheme which called 
successive IC (SIC), where the interference due to 
all nondesired users is estimated in order to be 
removed from the received signal. SIC is a multiuser 
detection (MUD) technique typically employed in 
code division multiple access (CDMA) 
communication systems to improve the capacity and 
overall throughput of the system.  
 
A. SIC Algorithm 
 
Operation of the system is simple, where its works 
by attempting to detect and demodulate the strongest 
user signal currently present in the overall received 
signal. Here the strongest user is not known 
beforehand, but is detected from the strength of the 
correlations of each of the user’s chip sequence with 
the received signal. The correlation values can be 
getting from the bank of the correlator. As shown in 
Fig 1, the block diagram of SIC receiver without 
hard limiter. In the next stage after this user has 
been detected and demodulated; its contribution to 
the original signal is regenerated and subtracted 
from the overall received signal to get a new 
received signal. Then we can conclude that the 
algorithm repeats except the strongest user from the 
new received signal (that one has one less user 
signal) is detected, demodulated, regenerated, and 
subtracted.[17]-[18]. Then at the end we can say one 
by one the strongest received signals are subtracted 

from the original signal till all users have been 
detected, and demodulated. Fig.2 shows the 
flowchart of this process, and in general 
algorithm the successive cancellations are carried 
as follows: 
i)  Recognize the strongest signal (one with 

maximum correlation value). 
ii)    Decode the strongest user. 
iii)  Regenerate the strongest users’ signal using 

its chip sequence. 
iv)   Cancel the strongest user. 
v)  Repeat (until all users are decoded or a 

permissible number of cancellations are 
achieved). 

 
Fig. 1 SIC Receiver block diagram.          
 
SIC with hardlimiter block diagram is shown in 
Fig3. In details analysis the general equations that 
describe SIC are presented in next section. 
 
B. General equations 
  
Assuming the signal coming to the receiver is r(t) 
in eq.(3). And for OOCs (F, W, 1, 1) and for 
synchronous case, and for N simultaneous users, 
we consider the threshold level θ T (0<θ T ≤W).  
In a general case we look for the error probability, 
which can be written as follows: 

])1/[]0/([
2
1 EEPPb +=                  (9) 

As we mentioned previously the main function of 
this system based in maximum cross correlation 
between the users, then the effect nth user’s signal 
on the first receiver is denoted by In

(1). 
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Fig. 1 Flow chart of interference cancellation schemes. 

 
Fig. 3 SIC receiver block diagram with hardlimiter 
 
We define the cross correlation between user ith and 
the nth user as: 
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Where in,τ is the time delay between the nth user 
relative to the ith user. 
Hence, Z1, the output of the first user’s correlator at 
time T, can be written as:  
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Then the decision on the bit is then made by using 
the decision variable. 

1
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Where Wb )1(  refer to the desired signal term of 
the first user, and the second term can be 
defines as: 

∑
=

+=
N

n
nnn Ibl

2
11,1,1 )( ρτ                 (13) 

It is assumed that users are detected in 
order of decreasing signal strength such that user 
1 will always correspond to the strongest user. 
Once this user has been detected and modulated, 
the result is used to regenerate the user signal. 
Then the regenerated signal is subtracted from the 
original signal. The correlation value is used for 
cancellation: 
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Now for the second strongest user, we 
have (N-2) interfering signals moreover some 
noise due to imperfect cancellation. In following 
decision statistic for user 2 after canceling user 1: 

2
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2 lWbZ +=                                         (15) 
 And l2 is defined as: 
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In general for the jth cancellations, we get: 
)(.)()( 1 jjjjj tcZtrtr τ−−= −           (17) 

Where Z refers to the correlation after (j-1) st 
cancellation, then the decision variable for the 
(j+1) st user is given by: 
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And lj+1 are given by: 
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In the above expression, the first term is 
MAI of the uncancelled users, second term is 
noise signal due to the dark current, and the third 
term is due to the cumulative noise from 
imperfect cancellation. 
  

IV. CONCLUSION 
 

Through this work we have presented a new 
proposal in interference cancellation based in 
OCDMA, called successive interference 
cancellation (SIC). The interference cancellation 
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is never perfect, and the residual cancellation errors 
propagate because of the successive nature of the 
decoding. In fact, these residual errors are the 
principle capacity-limiting issue in SIC systems. In 
future work we need obviously to analyze the 
performance of SIC; also we need to analyze the 
practical implementation of the interference 
canceller.  
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