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Abstract – Code Division Multiple Accesses (CDMA), one of the effective and efficient technologies, is used in 2nd generation (2G), 3rd generation (3G) 
wireless and becomes one of potential candidates for the physical layer of 4G mobile systems with the aim of improving cell capacity communication. 
The paper presents the CDMA system with Broadside antenna array is proposed for a multipath fading channel. The performance is evaluated in terms 
of bit error probability (BER) for the DS/CDMA system environment with QPSK modulation is use in the Rake Receiver with coding technique. The 
Standard Gaussian Approximation (SGA) is used to evaluate the performance of coding and Rake Receiver over a frequency selective Rayleigh fading 
channel with antenna array is estimated. From the analytic to Rayleigh fading results, the performance is evaluated for CDMA systems on additive white 
Gaussian noise (AWGN) and a multipath fading channel. Analytical expression of the BER is derived, including the effects of the spatial correlation be-
tween antenna elements and non-identical fading for different multipath. In the receiver, dispreading and demodulated, coding, Rake Receiver, directive 
antenna (Broadside array antenna) are employed to improve the system performance. We examined the BER performance of Rake Receiver with, vary-
ing the number of users, spreading factor, Rake fingers, Interfering Cells, and the value of directivity of antenna at base Station (number of antenna).  
Antenna arrays are majorly used: Broadside array and End fire array. They are used to radiate their own beam patterns. The antenna arrays with differ-
ent arrangements: The Spacing of the elements and the Number of elements may produce the diverse radiation properties. The overall radiation pattern 
results in certain directivity and different lobes with different number of elements and different spacing between them. 
 
Index Terms - CDMA system, Broadside array and End fire array, Rake Receiver, Maximal Ratio Combining (MRC), Multipath  channel , Directive an-
tennas (Antennas array). 

——————————      —————————— 

1 INTRODUCTION                                                                     
CDMA system is one of the fastest growing market areas 

in both military and civilian wireless communications. How-
ever, multiple access interference (MAI) and multipath fading 
are the major limiting factors in the performance of CDMA 
mobile system. One approach to combat these problems is to 
use of antenna arrays at the base station. With optimum com-
bining, antenna arrays can suppress MAI and mitigate multi-
path fading of the intended user, thereby improving the sys-
tem performance consider- ably [1,2]. The goal for the third 
generation of mobile communications system is to integrate a 
wide Variety of communication services such as high speed 
data, video and multimedia traffic as well as voice signals. 
Under the CDMA System environment the Third Generation 
(3G) has many advantages such as highly efficient spectrum 
utilization and variable user data rates. MAI causes degrada-
tion in bit error rate (BER) and system performance which is 
reflected as a limitation in the system capacity. Therefore, any 
analysis of performance of a CDMA system has to take into 
account the amount of MAI and its effects on the parameters 
that measure the performance (most notably the signal-to-
interference-and-noise ratio (SINR) at the receiver and the 
related bit error probability on the information bit stream). 
Much work has been reported on the calculation of the user 
average bit error rate for DS-CDMA systems.  

          The most widely used and popular approach is the 
Gaussian Approximation (GA) [1] and its variants. Hence, the 
present research activities are focused on reducing this inter-
ference. One approach that has shown real promise for sub-
stantial performance enhancement is the use of spatial 
processing by adopting adaptive antenna arrays at the mobile 
base station. 
 In this paper, we are interested in antenna arrays for CDMA 
systems under correlated multipath fading channels. An an-
tenna array with N elements has N-1 degrees of freedom. 
When the number of interferers is larger than the number of 
antennas, the array cannot suppress all interfering signals, 
and this case is of our main concern. Usually the radiation 
pattern of a single element is relatively wide, and each ele-
ment provides low values of directivity (Gain). In many ap-
plications, it is necessary to design antennas with very high 
directive characteristics (very high gain) to meet the demands 
of long distance communication. This can only be accom-
plished by increasing the electrical size of the antenna [3]. En-
larging the dimensions of single elements often leads to more 
directive characteristics. Another way to enlarge the dimen-
sions of the antenna, without increasing the size of individual 
element, is to form an assembly of radiating elements in an 
electrical and geometrical configuration. This new antenna 
formed is referred to as an array [1]. 
  These improvements in system performance CDMA mainly 
depend on the antenna beam pattern and antenna directivity 
(Broadside array) [4]. To illustrate how directive antennas can 
improve the reverse link in a single-cell CDMA system. The 
omnidirectional receiver antennas will detect signals from all 
users in the system, and thus will receive the greatest amount 
of noise. The sectored antenna will divide the received noise 
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into a smaller value and will increase the number of user (ca-
pacity) in the CDMA system. The adaptive antenna will be 
used to simultaneously steer energy in the direction of many 
users at once, so it provides a spot beam for each user, and it 
is this implementation which is the most powerful form of 
SDMA [5, 6].The CDMA mobile communication system em-
ploys at the transmitter a convolution channel coding, a con-
siderable enhancement was obtained on the system perfor-
mance. CDMA as a digital communication over mobile chan-
nels, often suffer from performance degradations due to mul-
tipath fading effects. RAKE receiver, used specially in CDMA 
systems to reduce fading effect, can combine multipath com-
ponents, which are time-delayed versions of the original sig-
nal transmission. This combination is done in order to im-
prove the signal to noise ratio (SNR) at the receiver. RAKE 
receiver attempts to collect the time shifted versions of the 
original signal by providing a separate correlation receiver for 
each of the multipath signals. This can be done due to multi-
path components are practically uncorrelated from another 
when their relative propagation delay exceeds a chip period 
[4]. We assume that each channel consists of multipath that 
are resolved in space but not in time [2,5].  Spatial processing 
is a kind of spatial separation between users using Space Di-
vision Multiple Access (SDMA) technique. In an SDMA sys-
tem, the base station does not transmit the signal throughout 
the area of the cell, as in the case of conventional access tech-
niques, but rather concentrates power in the direction of the 
mobile unit the signal is meant to reach, and reduces power in 
the directions where other units are present by using Broad-
side array antenna at the mobile base station. 
     The paper is divided into different sections. In section 2, a 
system model for CDMA system is presented which gives the 
basic equation in terms of number of users. In section 3, BER 
Performance Analysis' in channel used AWGN, Rayleigh fad-
ing, coding, Rack receiver and Broadside Antenna array will 
be investigated; accordingly the modification of the basic BER 
equation is presented; as well as the BER calculations for single 
antenna element and multiple antenna element. In section 4, 
Numerical Results, analytically determine the performance of 
the CDMA system using single and antenna array over Ray-
leigh fading channel using coding, Rack Rx and Broadside AA. 
Finally, the conclusion is presented in section 5. 
 
 
2- SYSTEM AND CHANNEL MODEL: 
      2.1. Reverse Link System Model: 
In this section we offer mathematical description of an asyn-
chronous DS-CDMA system for reverse link (mobile to base 
station) with Mc interfering cells that supports K active users. 
This System is shown in Fig.1 the Reverse-link System. Let 
there are K active users transmitting signals in DS-CDMA 
system [1].  Each of them transmitting a signal which is de-
scribed as  
Sk(t − τk) = �2Pkbk(t − τk)ak(t − τk)cos(wct − θk)          (1) 
Where bk(t) is binary data sequence, ak(t) is a pseudorandom 
sequence, Pk is the power of the transmitted signal, wc is the 
carrier angular frequency, τk is the time delay that accounts 

for the lack of synchronism between the transmitters, and θk 
is the phase angle of the kth carrier. 

 

  
Fig.1. Reverse link system model  
The kth user’s data signal is a sequence of unit amplitude rec-
tangular pulse of duration Tb , taking values {-1,+1}. If Tc is the 
chip period and there are Nc chips per bit thus Nc = Tb Tc⁄ (=
rc rb⁄ )  is the spreading factor for user k. Let the desired user 
is k =0 and all other users contribute to MAI. 

   
Fig.2.Omnidirectional antenna - sectored antenna    - Adaptive antenna                       
 
2. 2. MULTIPATH CHANNEL MODEL 
Multipath can occur in radio channel in various ways such as, 
reflection and diffraction from buildings, and scattering from 
trees presented in Figure 3. An M-ray multipath model is 
shown in Figure 4, which is an extension to the multipath 
channel model presented in [7]. Each of the M paths has an 
independent delay, τ, and an independent complex time-
variant gain, G. 

 
Fig.3. Propagation mechanisms  
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Figure.4. Multipath channel model                                        
If the channel has a constant gain and linear phase response 
over a bandwidth that is smaller than the bandwidth of 
transmitted signal, then the channel creates a frequency selec-
tive fading on the received signal [7] . In this channel, the gain 
is different for different frequency components. Frequency 
selective fading is caused by multipath delays which ap-
proach or exceed the symbol period of the transmitted sym-
bol. We assume that channel hk(t) is multipath Rayleigh fre-
quency selective fading channel. The delay difference between 
any two different paths is larger than the chip durationTc. The 
complex low pass equivalent impulse response of the channel 
is given by: 

hk(t) = �αk,Ikejϕk,Ik

Lk

lk

δ�t − τk,Ik�                                           (2) 

Where 𝜙𝑘,𝐼𝑘the phase of the multipath component, 𝜏𝑘,𝐼𝑘 is the path 
delay, andLk is the number of multipath components. αk,Ik is 
the magnitude of the lth multipath with Rayleigh distribu-
tion[8,9]. The received signal at the input of the receiver is 
given by:  

r(t) = ���2Pkαk,Ikbk�t − τkIk�ak(t)cos�t
Lk

lk

K−1

k=0

− τkIk) cos�wct −ϕk,Ik� + n(t)        (3) 
 
Where n (t) is Additive White Gaussian Noise (AWGN) with a 
two sided power spectral density of N0 2⁄  . Where N0 is the 
noise power spectral density measured in watts/hertz 
(joules). 
 
2.3. UNIFORM ARRAY ANTENNA: 
 The performance of single antenna elements is poor 
compared to that of antenna arrays. In an antenna array, the 
number of elements, the spacing between them, their excita-
tion coefficients, and their relative phases are parameters that 
can be adjusted not only to increase the antenna gain but also 
to narrow the beam (i.e. decrease the beamwidth), steer the 
beam in a given direction, and/or control the side lobes level 
(by adjusting the excitation coefficients of the antenna array, 
e.g. using the Dolph-Chebyshev method [10]). These factors 
determine the array factor which is used in the calculation of 
the array directivity and consequently the array gain. The to-

tal field of an array can be calculated by multiplying the field 
of a single element at a selected reference point (usually the 
origin) and the array factor. The general formula for the calcu-
lation of directivity in a direction (θ0,ϕ0) is given by: 
D(θ0,ϕ0) = 4π {∫ ∫ |F(θ,ϕ)|2sinθ dπ

0
2π
0 θ dϕ}⁄                  (4) 

Where F(θ,ϕ)  is the power factor in the case of isotropic ele-
ments, the power factor is given by: 
F(θ,ϕ) = AF(θ,ϕ)AF∗(θ,ϕ)                                                (5) 
Where AF is the array factor and * denotes the complex con-
jugate operation. The array gain is equal to the directivity 
multiplied by the loss coefficient which in turn depends on 
the antenna type. When the losses are negligible, the gain is 
approximately equal to the directivity [10]. Widely used an-
tenna arrays are the uniform linear arrays where the radiating 
elements are placed on a line with equal spacing and excita-
tion in addition to uniform circular arrays where the radiating 
elements are uniformly distributed on a circle with equal exci-
tations. 
     
    The normalized array factor of an N element uniform linear 
array (ULA) with equal amplitude excitation and inter ele-
ment spacing d is given by [11]: 
AFULA(θ) = (1 N) [sin (0.5NΨ) sin (0.5Ψ)]⁄⁄                          (6) 
It should be noted that if the array is aligned along the  
z-axis show Fig.5. Then 
   Where        Ψ = k d cos(θ) −  k d cos(θ0)                        (7) 
Since each isotropic element has unity amplitude, the entire 
behavior of this array is dictated by the phase relationship 
between the elements. The phase is directly proportional to 
the element spacing in wavelengths. Where θ0= electrical 
Phase difference between the adjacent elements,(steering 
angle)  direction of maximum radiation, d = distance be-
tween the elements;  k = 2π/ λ   constant phase shift (wave 
number);  θ = angle as measured from the z axis in spherical 
coordinates, and k is the wave number. To steer the beam in 
the directionθ0, the progressive phase between the elements 
should be –k d cos(θ0). Equation (6) is independent of Ψ since 
it expresses the array factor of a linear array in the vertical 
direction. Hence, the pattern will be omnidirectional in the 
azimuth plane. To use the array in adaptive antenna tech-
niques, it should be placed in the azimuth plane. Its pattern 
will still exhibit the same form but its mathematical expres-
sion will become more complex. 
The normalized array factor of an N element uniform circular 
array (UCA) of radius r is given by [10]: 
 
AFUCA(θ,ϕ) = ∑ InN

n=1 ejkr[sinθcos (θ−ϕn)]                            (8) 
Where ϕn = 2π(n − 1)/N . To steer the beam in the direction 
(θ0,ϕ0), the phase of the excitation coefficients Inshould be set 
to - sin θ0cos(ϕ0 − ϕn ) (their magnitude is I since the array is 
uniform). 
        Antennas are often referred to by the type of pattern they 
produce. Two terms that usually characterize array antennas, 
are broadside and end fire. The phasing of the uniform linear 
array elements may be chosen such that the main lobe of the 
array pattern lies along the array axis (end-fire array) or nor-
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mal to the array axis (broadside array). Thus for a uniform 
array with θ0 = 0 and    d = nλ, in addition to having the max-
ima of the array factor directed broadside (θ = 900) to the axis 
of the array, there are additional maxima directed along the 
axis (θ = 00; 1800) of the array (end fire radiation). 

 
Fig.5. An N-element linear array along z axis 
 r1 = r2 = r3 = rN = r;  
rN = r + (N − 1)d cosrN = r + (N − 1)d cos 
 
     2.3.1 Broad side array:  Broad side array is the arrange-
ment of identical antennas, which are placed along the axis 
perpendicular to the direction of maximum radiation. The 
identical antennas are equally spaced along the line of axis 
and all the elements are fed with equal magnitude of current 
with the same phase. This results in array pattern known as 
broad side array. It is evident that broad side array is bidirec-
tional where maximum radiation is obtained in the direction 
of axis perpendicular to the array axis. By placing an identical 
array at a distance of λ/4 behind the array, bidirectional array 
can be converted to unidirectional array and by lead current 
in phase by λ /2. 
 -Directional antennas whose mechanical features are ortho-
gonal to the main radiation beam are called "Broadside Ar-
rays" (BSA).  The directivity of the array factor can be eva-
luated using: 
DBSA = 4πumax Prad⁄ = umax u0⁄ ;   (9) Where  u0 ≅ π Nkd⁄   
DBSA =
2  ∫ sin(θ)π

0 [sin�0.5Nkdcos(θ)� sin (0.5Nkdcos(θ))]⁄ 2⁄ dθ   (10) 
 x = 0.5N k d cos(θ);  β = 0 ;           dx = −0.5Nk d sin(θ)dθ 
DBSA = N k d  ∫ (sin (x) x⁄ )20.5Nkd

−0.5Nkd⁄ dx ;       At  0.5Nkd ≫ π  ;  
DBSA ≈ 2Nd/λ;     d =  λ/2  ;  
  𝐃𝐁𝐒𝐀 = 𝐍(𝐧𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐚𝐭𝐞𝐧𝐧𝐚)                                      (11) 
     The overall array field pattern is 
F(θ,ϕ) = (1 N) [sin (0.5Nπcosθ) sin (0.5πcosθ)] ∗ sinθ⁄⁄     (12) 
 
2.3.2 END FIRE ARRAY: An End fire array looks similar to 
broad side array except that the individual elements are fed 
with the current that is equal in magnitude but opposite in 
phase. In other words, the individual elements are excited in 
such a way that a progressive phase difference between adja-
cent elements becomes equal to the spacing between the an-
tennas (elements).“The arranging of identical antennas along 
a line drawn perpendicular to their respective axis so that the 
principle direction of radiation coincides with the direction of 
the axis of array” is known as End fire array. The radiation is 
maximum in the direction along the axis of the array i.e., 0 
degree (or) 180 degree. If two equal radiators are operated in 

phase quadrature at a distance of λ/4 apart, an end fire coup-
let is said to be formed. The directivity of the array factor can 
be evaluated at  β = −kd,  0.5Nkd ≫ π ; D0 ≈ 4Nd/λ , The end-
fire array has twice the directivity of the broadside array.  
Directional antennas whose mechanical features are parallel 
to the main radiation beam are called "End-fire Arrays". 
      The overall array field pattern is 
F(θ,ϕ) =
(1 N) [sin (0.25 N π(cosθ − 1)) sin (0.25π(cos θ − 1))] ∗ sinθ⁄⁄  (13)                        
 
 2.3.3. PARAMETERS AFFECTING ARRAY ANTENNA 
For the design of Lanier array, one has to adequately choose 
the number of antennas in the array (N), their position on the 
Lanier (inter element spacing (d)) and the length (k). Also, the 
control function of the complex weighting coefficients (beam 
forming factor W) should be specified in order to obtain the 
desired radiation pattern with a suitable resolution. These 
parameters were reflected directly on the antenna directivity 
(D) and on the communication system performance (BER). 
The Beam width is inversely related to spacing between the 
antenna elements. We obtain a narrow beam width when the 
antenna spacing is large, however it is required that the spac-
ing will be less than λ/ 2, where λ is the wavelength of the 
radiated frequency, else we get spurious beams apart from the 
required ones. Number of antennas elements also affect the 
beam width inversely, more the elements, less the beam 
width. Additionally we have a reduction inside lobes ampli-
tudes, with more antenna elements [14]. 
 
3.BER PERFORMANCE ANALYSIS : 
 
          For interference limited asynchronous reverse channel 
CDMA over non faded additive white Gaussian channel 
(AWGN) channel, operating with perfect power control with 
no interference from adjacent cells and with omnidirectional 
antennas used at the base stations, the average bit error rate 
(BER) Pb, for a user can be found from the Gaussian Approxi-
mation(GA) [15]. 
Pb = Q��3N (K − 1)⁄ �                                                     (14)                                                             
Where Q(x) is the standard Q-function. Assume that a beam 
pattern F(β = (θ,ϕ))  in equation (12), is formed such that the 
pattern has maximum gain in the direction of the desired us-
er. Such a directive pattern can be formed at the base station 
using an N-element linear array antenna. The pattern, F(β) can 
be steered through 1800 in the horizontal (β) plane such that 
the desired user is always in the main beam of the pattern. It 
is assumed that K users in the single-cell CDMA system are 
uniformly distributed throughout a two-dimensional cell (in 
the horizontal plane, θ= π/2), and the base station antenna is 
capable of simultaneously providing such a pattern for all 
users in the cell. On the reverse link, the power received from 
the desired mobile signals is Pr,i . The powers of the signal 
incident at the base station antenna from K-1 interfering users 
are given by for i = 1, ……k -1. The average total interference 
power, I, seen by a single desired user, (measured in the re-
ceived signal at the array port of the base station antenna ar-
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ray, which is steered to the user 0), is given by: 

I = E �� F(βi)
K−1

l=1

Pr,i�                                                                   (15) 

Where βi is the direction of the kth user in the horizontal 
plane, measured in the x-axis, and E is the expectation opera-
tor. No interference from adjacent cells contributes to total 
received interference in equation (6) [15].Assuming perfect 
power control is applied such that the power incident at the 
base station antenna from each user is the same, then = PC  for 
each of the K users, base station antenna pattern has no varia-
tion in the θ direction and the users are independently and 
identically distributed throughout the cell. The average bit 
error rate for user 0 can thus be given by [1]: 
P1 = Q��3DN (K − 1)⁄ �                                                 (16) 
Where D is the directivity of the antenna, given by Max 
(F(βi)). In typical cellular installations, D ranges between 3 dB 
to 10 dB [1].Equation (16) is useful in showing that the proba-
bility of error for a SDM-CDMA system is related to the beam 
pattern of a receiver, and there it is immediately apparent that 
the gain of the antenna directly contribute to the performance 
of a CDMA system. Aconsiderable improvement that is 
achieved by using a high directivity adaptive linear array an-
tenna at the base station.  
 
3-1- BER FOR A MULTI-CELL SDMA-CDMA SYSTEM IN RAY-
LEIGH FADING CHANNEL: 
       In real case we should consider the interference signals 
from mobiles within cells and outer cells (adjacent cells) as 
shown in Fig.6. Clearly 
          For CDMA operating in a Frequency selective Rayleigh 
Fading and Additive White Gaussian Noise (AWGN) channel, 
with perfect power control with interference from adjacent 
cells equipped by a conventional correlated- type receiver at 
the base station and with no channel coding at the transmitter 
and with using SDMA-CDMA technique by using adaptive 
array antennas at the base station, the average Bit Error Rate 
(P1), be found from the Standard Gaussian Approximation 
(SGA) as  [4] [15] (without coding). 
The BER for user 0 can thus now be given (14).  
P0 = 0.5 −  �1 ��1 + (N0 2 Eb⁄ ) + (2 3Nc⁄ ) [(1 + 0.2Mc)LK − 1]2  �� � 
                                                                          (17) 
   Where Eb N0⁄  = Signal to Noise (AWGN) ratio.  Nc= 
Processing gain of the CDMA system (spreading factor). Mc= 
Number of interfering cells; L = Number of channel multi 
paths; each of them independently faded with Rayleigh statis-
tics. K = Number of user. 
    From the equation (11) into the equation (16) 
 P1 = 0.5 − [1 ��1 + (N0 2Eb⁄ ) + (2 3D Nc⁄ ) [(1 + 0.2Mc)LK − 1]�⁄    
At  𝐃𝐁𝐒𝐀 = 𝐍 = Na  from equation (11) 
P1 = 0.5 − [1 ��1 + (N0 2Eb⁄ ) + (2 3Na Nc⁄ ) [(1 + 0.2Mc)LK − 1]�⁄    
                                                                                          (18) 

 
Fig.6-a: Multi Cell Interference with a Directive Antenna at the Base Sta-
tion; 
 
3-2- BER FOR SDMA-CDMA SYSTEM USING CONVOLUTION 
ENCODING( ERROR CONTROL CODING): 
The general block diagram of the communication system for 
the reverse link CDMA Coded Transmission is shown in 
Fig.7. In this new bit rate denoted by, is generated by the 
Convolution encoder which is transmitted along a noisy and 
faded channel. At the receiver, the Bit Error Rate following 
conventional correlated detection is denoted by, the Bit Error 
Rate at the output of the Rake Receiver is given by , and the 
Bit Error Rate at the output of the Viterbi Decoder is given by. 
Coding techniques can be used in channels with a lot of noise 
(high probability of error) to enhance the CDMA system per-
formance. One of the appropriate coding used for this pur-
pose is the convolution code. The convolutional code is gen-
erated by passing the information sequence to be transmitted 
through a linear finite state shift register. In general, the shift 
register consists of (k- bit) stages and n linear algebraic func-
tion as shown in Fig.7. The input data to the encoder, which is 
assumed to be binary, is shifted into and along the shift regis-
ter k bits at a time. The number of output bits for each k-bit 
input sequence is n bits. Consequently, the code rate is de-
fined as R=k/n. The parameter is called the constraint length 
of the convolution code  CL [16]. 
      In this paper we use convolution coding scheme at the 
transmitter and associated viterbi decoding scheme at the re-
ceiver. The state diagram of the encoder is simply a graph of 
the possible state of the encoder and the possible transitions 
from one state to another. Since the output of the encoder is 
determined by the input and the current state of the encoder, 
a state diagram can be used to represent the encoding process. 
Fig.8 shows the state diagram of 1/3 rate convolutional en-
coder. A dotted line in the graph indicate that the input is a 1, 
while the solid line indicates that the input bit is a 0. The dis-
tance proprieties and the error rate performance of a convolu-
tional code can be obtained from its state diagram. The state 
diagram in Fig.10 will be used to obtain the distance proper-
ties of the convolutional code. We label the branches of the 
state diagram as eitherD0 = 1, D, D2, orD3, where the exponent 
of D denotes the Hamming distance of the sequence of output 
bits corresponding to each branch from the sequence of out-
put bits corresponding to the all zero branch [9]. 
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Fig.7. Coded Transmission System.      

 
Fig.8. State diagram of 1/3 rate Convolution encoder. 
The state equations of the convolution encoder can be de-
duced from Fig.10 and is given by equation (15) as:  
 Xc = JND3Xa + JNDXb ;                 Xb = JDXc + JDXd;    
 Xd = JND2Xc + JND2Xd;                Xe = JD2Xb                   (19) 
Where, the factor J was introduced into each branch of the 
state diagram so that the exponent of J will serve as a count-
ing variable to indicate the number of branches in any given 
path from node a to node e. The exponent of the factor N indi-
cates the number of 1s in the information sequence for that 
path and the exponent of D indicates the distance of the se-
quence of encoded bits for that path from all the zero se-
quence [7].  Upon solving the equations in (19) for the ratio  
Xc Xe⁄  , we obtain the coder transfer function as:           
T(D, N, J) = J3ND6 [1 − JND2(1 + J)]⁄                            (20) 
The transfer function can be represented by the following 
power series: 
T(D, N, J) = J3ND6 + J4N2D8 + J5N2D8 +  J5N3D10

+ 2J6N3D10 + J7N3D10 + ⋯ 
�T(D, N, J)|J=1 = ND6 + 2N2D8 + 4N3D10 + ⋯.                 (21) 
Thus the transfer function gives us the distance properties of 
the convolution code. The minimum distance of the code is 
called the minimum free distance and is denoted bydfree. In 
our case, dfree=7. This form of transfer function gives the 
properties of all the paths in the convolutional code. 
       Coding is a technique where redundancy is added to orig-
inal bit sequence to increase the reliability of 
the communication. In case of uncoded transmission, the out-
put from the binary source could be applied directly to the 
modulator, spreader and transmitted as a channel waveform. 
At the receiver side we detect the signal and find the Bit Error 
Probability (BEPU). In the case of uncoded transmission, the 
output (BERU) is equal to the (BEPU) .The subscript ’u’ is used 
for the uncoded quantities. Fig.9.a. shows the uncoded 
Transmission System.   WhereRU is the uncoded input bit rate 
to the channel. 

 
Fig.9.a  Uncoded Transmission System 

 
       Fig.9.b. Coded Transmission System 
     
The Bit Error Probability (BEPU) for this system using SGA is 
given as equation (17) for [12]. In the case of uncoded trans-
mission, the output Bit Error Rate (BERU)  is equal to 
the (BEPU) . Thus (13) gives the Bit Error Rate (BERU)  under 
perfect power control.   Fig 9.b. shows the Coded Transmis-
sion System. In this new bit rate denoted by Rc , is generated 
by encoder which is transmitted along the channel. At the 
receiver the bit error probability following detection is de-
noted by BEPc and the Bit Error Rate at the output of decoder 
is given by BERc.  The coded BEPc is given by equation (17), 
[10]. 
P2 =
0.5 − �1 ��1 + (N0 2 r Eb⁄ ) + (2 3Nc⁄ ) [(1 + 0.2Mc)LK − 1]2  �⁄ �  
                                                                          (22) 
Now the Coded BERc is given as 

BERc ≤
d

dN
T �(D; j; N)|j=1;N=1;D=2�BEPc(1−BEPc) 

 
3-3- BER FOR SDMA-CDMA SYSTEM USING RAKE RECEIVER  
         A RAKE receiver, shown in Fig.6.b, utilizes multiple cor-
relators to separately detect M strongest multipath compo-
nents. The outputs of each correlator are weighted to provide 
better estimate of the transmitted signal than is provided by a 
single component. Demodulation and bit decisions are then 
based on the weighted outputs of the M correlators. Each cor-
relator detects a time-shifted version of the original CDMA 
transmission, and each finger of the RAKE correlates to a por-
tion of the signal, which is delayed by at least one chip in time 
from the other fingers.  Using Rake receiver with Maximal 
Ratio Combiner (MRC), considering perfect channel estima-
tion, in the system having M number of fingers, the Bit error 
rate (BER) is given by [17] 

BER =  [0.5(1 − µ)]M � �M − 1 + j
j � �

1
2

(1 + µ)�
jM−1

j=0

         (23) 

Where the Broadside array antenna array antenna (BER1) 
from equation (18) with the Rake receiver is given by: 
µ1 = �1 {1 + (N0 2Eb⁄ ) + (2 3Na Nc⁄ ) [(1 + 0.2Mc)LK − 1]}⁄   
                                                                                   (24) 
The BER1 system using Broadside array antenna and Rake 
receiver with MRC from (24) into (23) is µ = µ1. 
The coded (BER2) from equation (22) with the Rake receiver 
is given by: 
µ2 = �1 {1 + (N0 2 r Eb⁄ ) + (2 3 NaNc⁄ ) [(1 + 0.2Mc)LK − 1]}⁄   
(25) 
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  The BER2 system using coding and Rake receiver with MRC 
from (25) into (23) is µ = µ2.                                                                                           
           Let the modified We know that the noise at the output 
of the antenna array is reduced by N times. Hence, 
  σ�N2 = (N0 2⁄ )/Na;  Let H denote the number of in-beam inter-
ferers. The number of out-of-beam interferers = K − H − 1. 
-we can obtain the average bit error probability of  2D-RAKE 
receiver as the probability of error of the CDMA system for 
Rayleigh fading channel and (Na)  antennas become: 

Pb2D(e)  =     �χ
K−1

H=0

ηH �K − 1
H �BER                                  (26) 

Where the probability of an in-beam interferer η, are defined 
as [18]:   η = 2θBW

Δθ
,       and χ depend on the beam stretching of 

antenna array (1/ cos ɵ ; in λ(ɵ)) in practical in practical 
(when ∆θ ˂ 600 -1200 ) it can approximated as:  
   χ = (1 − η)(K−H−1)  [19], 
   
4- NUMERICAL RESULTS: 
In this section the BER performance of the DS-CDMA system 
using multiple BS transmit antenna arrays is investigated, 
when assuming that each subcarrier signal experiences flat 
Rayleigh fadingchannels and AWGN channel. The summary 
of the used numerical values will be listed in the following 
table 1: Table1 Equivalent antenna array Parameters 

TABLE1 
Equivalent Antenna Array Parameters 

Number of antenna  
elements Na 

2 4 8 12 16 

Attenuation  α0  dB -10 -12 -16 -17 -18.25 
total beam width 
 2θBW (deg) 

40 30 15 5 4 

 
 -This paper worked out a MathCAD simulating program for 
the CDMA system using QPSK -modulating and a rate 1/3, 
constraint length 6 ,maximum free distance convolutional 
code for spreading [16]. 
   In this section, we present several numerical examples to 
illustrate the impacts of the operating environment (i.e. the 
Rice factor, the delay spread and angular spread) on the BER 
performance improvement with 2D-RAKE receiver in Recian 
fading channels. Without loss of generality, the Base Station 
antenna array is assumed to be a Uniform linear array with 
identical spacing d = λ 2⁄  between elements, broadside receiv-
ing (θ = 0~2π ), and each path arriving at antenna array with 
the same angular spread. For the system asynchronous 
CDMA 2000 with antenna array in Rayligh fading channels 
and AWGN channel. 
Figure 10 shows the Simulation of A MATLAB program was 
used to plot the radiation patterns of a ULA antenna( broad-
side and end fire ) depending on equation (12,13) in the polar 
plan and as 3-D plot as shown in figure 10, considering as an 
application a reverse link SDMA-CDMA mobile system with 
transmitted frequency of 1.9 GHz [16]. For this application the 
simulation results show that the antenna two element dis-
tance (d=(0.25, 0.5, 1) λ)  is suitable as a mechanical dimension 

to be mounted on the mobile base station .  The type of radia-
tion pattern is controlled by the choice of phase shift angle 
between the elements. Zero phase shift produces a broadside 
pattern and 1800 phase shift leads to an endfire pattern, while 
intermediate values produce radiation patterns with the 
mainlobes between these two cases. 
In Fig.11: shows the BER vs SNR for the case that varying 
number of antennas, the number of user K=3, spreading factor 
Nc=32; number of fingers M=3, number of interfering cells 
Mc=7, number of Multipath L=8, code rate r=2/3, and con-
straint length CL = 3. The result shows that for as SNR=8 dB, 
it is found that BER= 2.8* 10−3at single antenna; BER =2.15 * 
10−4 at Na=4; while BER decrease to =7.9 * 10−6 at antenna 
array (Na=9); BER decrease so for increase number of anten-
na, there is a tremendous improve- ment in the BER depend-
ing on the increase number of antenna. At the same other fac-
tor. We also see that a high advantage in the system perfor-
mance was obtained by using antenna array. 
 
In Fig.12: shows the BER vs SNR for the case that varying 
number of channel multi paths; the number of user K=3, 
spreading factor Nc=32, the number of antenna=4, number of 
fingers M=3, number of interfering cells Mc=7, number of 
Multipath L=8, code rate r = 2/3, and constraint length CL = 3. 
The result shows that for as SNR=8 dB, it is found that BER= 
0.7 at using CDMA system only; BER =2.78 * 10−3 at using 
SDMA- CDMA system; BER =8.7*10−6 at using SDMA- 
CDMA and Rake receiver while BER decrease to =1.7*10−6 at 
using SDMA- CDMA, Rake receiver and coding. We see that 
BER performance will considerably improve if we use SDMA 
Techniques, Rake Receiver, and Viterbi decoder. 
In Fig.13: shows the BER vs SNR for the case that varying 
number of users K; spreading factor Nc=32, the number of 
antenna=4, number of fingers M=3, number of interfering 
cells Mc=7, number of Multipath L=8, code rate r=2/3, and 
constraint length CL = 3 . The result shows that for as SNR=8 
dB, it is found that BER= 2.4 * 10−5at using 2 user; BER= 3 * 
10−4 at using 4 user; BER= 2.8* 10−3 at using 8 user; BER=5.2 * 
10−3 at using 10 user; BER=0.014 at using 15 user while in-
crease BER=0.025 at using 20 users. We see that BER perfor-
mance will considerably increase if we use increase number of 
users. 
In Fig.14: shows the BER vs SNR for the case that varying 
number of Multi paths without coding, the number of user 
K=3, spreading factor Nc=32, the number of antenna=4, num-
ber of fingers M=3, number of interfering cells Mc=7. The re-
sult shows that for as SNR=8 dB, it is found that BER= 3.6 * 
10−4at using 2 multipath; BER= 1.5 * 10−3 at using 5 multipath 
while BER= 5.3*10−3 at using 10 multipath. We see that BER 
performance will value of there is only 1 dB degradation be-
tween the case L=2 and the case L=10.This limitation in per-
formance degradation is due to the resistance of Rake receiver 
against multipath phenomena. 
In Fig.15: shows the BER vs SNR for the case that varying 
number of Multi paths with and without coding, the number 
of user K=3, spreading factor Nc=32, the number of anten-
na=4, number of fingers M=3, number of interfering cells 
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Mc=7, code rate r=2/3, constraint length CL = 3. The result 
shows that for as SNR=8 dB, it is found that BER= 1.09*10−4 at 
using 2 multipath; BER= 8.6*10−4 at using 5 multipath while 
BER= 4.03*10−6 at using 10 multipath;   We see that BER per-
formance will BER value of there is only 3 dB degradation 
between the case L=2 and the case L=10.This limitation in per-
formance degradation is due to the resistance of Rake receiver 
against multipath phenomena. 
In Fig.16: shows the BER vs SNR for the case that varying 
number of fingers; the number of user K=3, spreading factor 
Nc=32, the number of antenna=4, number of fingers M=3, 
number of interfering cells Mc=7, code rate r=2/3, constraint 
length CL = 3. The result shows that for as SNR=8 dB, it is 
found that BER= 0.012 at using 2 fingers; BER= 5.09*10−4 at 
using 4 fingers while BER= 2.5*10−5 at using 6 fingers;  We 
see that BER performance will increase the number of fingers 
from 2 to 3,4 there is about 2dB, 4dB advantage in BER per-
formance. Thus we will get the advantage in BE performance 
if we increase the number of fingers in Rake Receiver. 
In Fig.17: shows the BER vs SNR for the case that varying 
number of interfering cells Mc, spreading factor Nc=32, num-
ber of antenna=4, the number of users K=3, number of fingers 
M=3, number of Multipath  L=8, code rate r=2/3, and con-
straint length CL = 3. The result shows that for as SNR=8 dB, 
it is found that BER= 2.9*10−5at using 2 interfering cells; BER= 
1.3*10−4 at using 4 interfering cells, BER= 4.8*10−4 at using 8 
interfering cells ; BER= 1.2*10−3 at using 12 interfering cells, 
while BER= 3.7*10−3 at using 20 interfering cells.  Thus we see 
that BER performance will degrade if we increase the number 
of interfering cells. 
In Fig.18: shows the BER vs SNR for the case that varying 
number of spreading factor Nc ; the number of user K=3, 
number of antenna=4, number of fingers M=3, number of in-
terfering cells Mc=7, number of Multipath L=8, code rate 
r=2/3, and constraint length CL = 3. The result shows that for 
as SNR=8dB, it is found that BER= 7.8*10−3 at using 8 spread-
ing factor; BER= 1.1*10−4 at using 32 spreading factor, BER= 
9*10−8 at using 256 spreading factor, while BER= 1.8*10−8 at 
using 512 spreading factor  
 Thus we will get the advantage in BE performance if we in-
crease the spreading factor from 8 to 32, 256 and 512 there is 
about 4.7 dB, 6 dB, 10 dB, 12dB advantages in BER perfor-
mance of Rake Receiver. 
 
5 – CONCLUSION: 
      The radiation patterns of the uniform Linear array (ULA) 
antenna(Broidside array and Endfire array) was evaluated for 
different antenna parameters for purposes of obtaining a di-
rective multi spot beams to be used in the base station of 
SDMA-CDMA mobile system for the reverse link ( up link) 
transmission to improve system capacity. Different antenna 
directivities ( number of antenna array) was considered (2,4, 
and 9) and a suitable design parameters was chosen so as to 
obtain a ULA antenna with suitable mechanical dimensions 
(dλ) to be mounted on the base station. The BER of SDMA and 
CDMA was compared considering frequency Selective multi-
path Rayleigh Fading Channel and adjacent cells interference. 

     Code Division multiple Accesses (CDMA) becomes one of 
potential candidates for the physical layer of 4G mobile sys-
tems with the aim of improving cell capacity communication 
in addition to its efficient application in the 3rd generation. In 
this paper, the bit error rate (BER) performance of an a syn-
chronous (reverse link) SDMA-CDMA system over a frequen-
cy selective multipath Rayleigh fading channel was per-
formed, considering 2/3 rate convolution encoder at the 
transmitter and Rake Receiver plus Viterbi decoder at the Re-
ceiver. From the numerical results we have also seen that BER 
performance will increase, if we increase the (number of an-
tenna) directivity of base station antenna (at BER = there is 4 
dB advantage with increasing the value of Number of antenna 
from 4 to 9). 
The BER performance also degrade, if we increase the number 
of users (at BER = there is about 10 dB degradation with the 
increase of the users from 2 to 20). we have seen that the BER 
performance of Rake Receiver  without coding has a limited 
degradation, if we increase the number of multipath (at BER = 
there is only 3 dB degradation with increasing the number of 
multipath from 2 to 10 ) , and this result reflects the fact that 
the Rake Receiver had a high resistivity against multipath 
effect. we have seen that the BER performance of Rake Re-
ceiver with and  without coding has a limited degradation, if 
we increase the number of multipath (at BER = there is only 3 
dB degradation with increasing the number of multipath from 
2 to 10 ) , and this result reflects the fact that the Rake Receiver 
had a high resistivity against multipath effect.    We have also 
seen that the BER performance will also increase, if we in-
crease the number of fingers in Rake Receiver (at BER = there 
is about 4dB advantage by increasing the number of fingers 
from 2 to 4). We have also seen that the BER performance de-
grade, if the number of interfering cells increase (at BER = 
there is about 5 dB degradation with interfering cells increase 
from 1 to 19), but BER performance will increase, if we in-
crease the spreading factor (at BER = there is about 9 dB ad-
vantage with increasing the spreading factor from 8 to 64).  
     The Space Division Multiple Access (SDMA) technique is 
compatible with almost any modulation method, bandwidth, 
or frequency band ,it can be integrated with conventional 
access techniques, such as FDMA, TDMA and CDMA; and 
can be implemented with a broad range of array geometries 
and antenna types such as smart antenna, therefore it can be 
used in all the mobile systems. It allows smart antennas offer 
several advantages over omnidirectional antennas; these in-
clude increased coverage through range extension and in-
creased capacity. The dual purpose of a smart antenna system 
is to augment the signal quality of the radio-based system 
through more focused transmission of communications sys-
tems. 
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(a) Broadside radiation  pattern        

 

 

 

 
(b) End fire radiation pattern 

Fig. 10. Polar plots of a linear uniform amplitude array of 4,16 isotropic       
  sources with 0.25, 0.5 λ spacing between the sources:  
(a) Broadside radiation pattern (𝟎𝟎phase shift between successive ele-
ments); (b) End fire radiation pattern (𝟏𝟖𝟎𝟎phase shift).[4] 
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Fig.11 . BER Performance of Rake Receive with Varying the Directivity 
(number of antenna) of Base Station Antenna 
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Fig. 12. BER Performance with and without SDMA  and  Rake Receiver. 
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Fig.13 . BER Performance of Rake Receiver with Varying Number of 
Users. 
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Fig.14. BER Performance of Rake Receiver with Varying Number of 
Multipath 
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Fig.15. BER Performance of Rake Receiver with Varying Number of 
Multipath. 
 

0 2 4 6 8 10
1 .10 5

1 .10 4

1 .10 3

0.01

0.1

BER vs SNR for CDMA-SDMA at M=2
BER vs SNR for CDMA-SDMA at M=4
BER vs SNR for CDMA-SDMA at M=6

BER vs SNR for M=2-4-6

SNR(dB)

B
E

R

 
Fig.16 . BER Performance of Rake Receiver with Varying Number of 
Fingers. 
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Fig. 17. BER Performance of Rake Receiver with Varying  Number of 
Interfering Cells. 
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Fig.18 .BER Performance of Rake Receiver with Varying Number of 
Spreading Factor. 
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