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Abstract-- In today’s era wireless communication systems are 

one of the most essential part of this digitized world and 

evolution of CDMA system has made it more convenient and 

secure to communicate the information within the system. 

This paper summarizes all the clusters of specific analysis 

techniques with different constraints and conditions to 

evaluate the performance of CDMA system. The major 

emphasis of this paper lies on the reasons behind the 

problems and their remedy technologies to find out the most 

efficient technique for a noise and distortion free 

communication system suitable for today’s environment. 
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I. INTRODUCTION 

ode Division Multiple Access (CDMA) inherently 

leverages the principle of spread spectrum that has 

intrinsic abilities to combat against multipath interference, 

increases system capacity and improves quality of service. 

A distinctive issue present in wireless communication as 

compared to wired communication is multipath fading. In 

urban areas congested with large number of buildings, 

vehicles, obstacles etc results in reflection, refraction, 

deflection and scattering of transmitted radio signal which 

in-turn results in multiple copies of signal reaching at the 

receiver giving rise to multipath fading. The mobility of 

users (receiver) with respect to transmitter and time 

varying channel composed of moving obstacles make the 

problem of multipath inevitable. Much work has been 

reported till now on the calculation of user average BER 

for Direct Sequence Code Division Multiple Access (DS-

CDMA) system under different types of fading channels. 

Various techniques have been used to improve and 

analyze BER performance of CDMA system. In this paper 

review of such techniques has been done by categorizing 

them based on their line of approach while mentioning 

advantages, disadvantages and limitations with reasons 

for each of them.    

II. SCOPE OF THE STUDY 

This paper presents a new approach to inculcate all the 

benefits and disadvantages of analysis techniques used for 

evaluating Bit Error Rate or Error Probabilities for 

various kind of CDMA System. For the purpose of this 

paper we have limited to four categories which are most 

widely used techniques for the evaluation i.e. Standard 

Gaussian Approximation (SGA), Coding Techniques 

(Walsh, Gold, Trellis, and Orthogonal etc.), Modeling and 

Simulation Techniques (For Different System Model) and 

Miscellaneous Techniques. 

III. TECHNICAL EVALUATION METHODS 

I. Standard Gaussian Approximations (SGA): 

It is computationally difficult to calculate the exact BER 

of the CDMA System so, the emphasis lies on 

approximations. One of the most widely used techniques 

is Standard Gaussian Approximation (SGA) for 

evaluating BER based on approximation. In SGA it is 

assumed that the Multiple Access Interference (MAI) has 

a Gaussian distribution. SGA is based on central limit 

theorem which states that, for given certain conditions, 

the arithmetic mean of a sufficiently large number of 

iterations of independent random variables, each with a 

well-defined expected value and well-defined variance, 

will be approximately Gaussian distributed. 

As in SGA Multiple Access Interference (MAI) is 

Gaussian distributed so it is assumed to be equally 

distributed and independent of each other as well. The 

individual signals transmitted by transmitter are received 

by matched filter. The authors S.Mahmoud and O’Shea 

[23] have used SGA technique for calculation of BER in 

DS-CDMA system under Rayleigh fading channel. 

Parameters used for analysis are number of interfering 

cells and processing gain. Authors designed a system 

model for transmitted signal, channel and received signal. 

For transmitted signal, they consider the reverse link 

(mobiles to base station) of a Mc number of cells DS-

CDMA system that supports K active users. They assume 

that K active users are transmitting. Each of them 

transmits a signal which consists of binary data and 

pseudorandom sequence. They also assumed that the 

desired user is at K= 0 and all other users contribute to 

MAI. 

The channel is defined between the K
th

 user and the base 

station is a frequency selective multipath Rayleigh fading 

channel. Its impulse response is defined by taking in 

account to phase of the multipath component and the path 

delay. At the receiver end the authors uses a conventional 

single user matched filter (correlation receiver) to detect 

the desired user signal. Each cell is equipped with a 

conventional correlation receiver and the received power 

of the desired signal is normalized to 1. From the 

simulation results the authors concluded that SGA results 

in better estimation of BER when number of interfering 

users became large. This is because with increased 

number of interfering users the resultant accumulated 

signal becomes stronger which allows easy calculations. 

Holtzman [22] used an improved version of SGA i.e. 

Accurate Gaussian Approximation (AGA) which is again 

based on central limit theorem. AGA technique is based 

on delay of interfering signals. AGA requires certain prior 

MAI distributional analysis so that the information 

regarding delay of all interfering signals will be known. 

Delay between the multiple signals plays an important 

C 
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role to evaluate the BER.  

At the receiver end the combine signal of entire users is 

multiplied by a synchronized spreading sequence of the 

transmitted signal. of the original signature sequence. 

Finally simulations results show very good accuracy for 

probability of error greater than 10
-5

. Cheng & Stark [21] 

combined encoding technique with SGA to evaluate the 

BER for DS-CDMA system suffering from MAI under a 

fading environment. They considered coded modulation a 

conventional 64-ary Orthogonal (M64) Code, the Trellis 

Coded Nordstrom Robinson (TCNR) and the Trellis 

Coded Reed-Muller (TCRM) Code. Each of these is 

concatenated with (63, K) Reed Solomon (RS) outer code. 

Reed Solomon codes are non-cyclic error correcting codes 

used to detect and correct multiple random symbols 

errors. The analysis is considered with frequency hopped 

spectrum with one modulation symbol transmitted per 

slot. The key assumption they considered is that different 

code symbols experience independent channel statistics. If 

a frequency-hopped system has more than one modulation 

symbol transmitted over the time interval in which carrier 

frequency is constant then some interleaving is required in 

addition to hopping.  

They also discussed about the basics of Orthogonal 

Codes, TCNR & TCRM Codes. They defined the 

transmitted and received signal for M64 Orthogonal Code 

of length N where N=64n and replace the orthogonal 

codes by biorthogonal ones i.e. for M64 it is B128.  

Biorthogonal codes are the set of complementary set of 

words orthogonal to each other and also w.r.t. each code 

word in original set. Biorthogonal codes increases the data 

rate by 1 bit. Nordstrom- Robinson codes are also 

generated by using a biorthogonal code of 256 code words 

by adding selected cosets of the biorthogonal code to the 

original code with minimum distance of 6. The 256 code 

words are divided in 8 cosets, each of 32 biorthogonal 

code words. They combine these 8 cosets with a 4 state 

trellis to form a Trellis Coded Nordstrom-Robinson 

(TCNR) Code. Trellis Codes are a basically convolutional 

code which allows highly efficient transmission of 

information over-band limited channels. The Trellis 

Coded Reed-Muller (TCRM) codes are also generated by 

combining 16 cosets of biorthogonal codes with 16 states 

Trellis. 

Finally they concluded that for B128, TCNR & TCRM 

code the data rate is 7/N instead of 6/N i.e. increase in 

data rate at the expense of additional circuitry needed for 

carrier phase synchronization. Due to increase in data rate 

there is significant improvement in BER as well. Jong and 

E.Stark [5] analyzed the performance of convolutionally 

coded multicarrier spread spectrum under AWGN & 

multipath fading. They evaluate BER and ACPR 

(Adjacent Channel Power Ratio). ACPR is the ratio of 

out-band signal power to in-band signal power. The 

transmitter model (for q users) has the convolutionally 

encoded information sequence that is interleaved and 

converted to M parallel streams form a serial stream. 

Xiang Liu & Hanjo [13] used SGA technique for exact 

BER analysis. They consider different fading channels 

Rayleigh, Rician, Hoyt and Nakagami-m channels for the 

analysis. Short codes have good cross-correlation 

properties. It is also used for synchronization in forward 

link and reverse link. The transmitted signal passes 

through different fading channels and output signal is 

received at coherent receiver. For each fading channel 

BER is evaluated by using simulation technique with 

SGA. BER performance versus the number of users in 

context of Rician fading channel, shows that SGA slightly 

over-estimates the average BER, when Rician factor K=0 

(i.e. Rayleigh channel) and under-estimates when K 

increases to 9. For Hoyt fading channel the SGA over-

estimates average BER when limited numbers of 

interferers are there and for Nakagami-m fading channels, 

SGA slightly over-estimates the average BER when the 

Nakagami-m fading parameter is low & marginally under-

estimates the average BER, when the Nakagami-m fading 

parameter is high. 

Pravindra Kumar, Kanuajia & Gangadharappa [9] 

evaluate the BER performance of Rake Receiver in 

reverse link (mobile to base station) over a frequency 

selective multipath Rayleigh fading channel. They 

employed SGA technique with Convolutional Coding at 

transmitter and Viterbi Decoding at the receiver. They 

examined the BER performance of RAKE Receiver by 

varying number of users, spreading factor, RAKE fingers, 

Interfering Cells and the value of directivity of antenna 

base station. They use BPSK modulation for the analysis. 

They define the reverse link (transmitter model) for K 

active users with Mc number of interfering cells. They 

assume that the desired user is K=0 and all other 

contributes to MAI. They also assume that the channel 

hk(t) is multipath Rayleigh frequency selective channel. 

At the receiver end RAKE receiver is used which works 

on the principle of multipath diversity i.e. it process 

several multipath component and the correlator outputs 

are combined to achieve improved communication 

reliability and performance. 

The authors also discussed about how directive antennas 

can improve the system performance. Omni directional 

Receiver Antenna will detect signal from all users in the 

system and thus will receive the greatest amount of noise. 

The sectored antenna will divide the received noise in to a 

smaller value and will increase the number of users in 

CDMA system. Adaptive Antenna provides a spot beam 

for each user and base station tracks each user in the cell 

as it moves. It provides a high gain in the system. Finally 

they concluded that BER performance of RAKE Receiver 

will degrade, if there is increase in the number of users. 

Cheng and Beaulieu [16] estimate the accurate BER for 

DS-CDMA system over Rayleigh fading environment. 

The authors introduce a new analytical approach which is 

a closed form expression. The overall error rate can be 

expressed by a single integral instead of individual 

signals. The authors compare the analytical approach with 

three approximations techniques i.e. Standard Gaussian 

Approximation (SGA), Improved Gaussian 

Approximation (IGA) and Simplified Improved Gaussian 

Approximation (SIGA).  In Standard Gaussian 
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Approximation (SGA) a Central Limit Theorem (CLT) is 

employed to approximate the sum of the multiple-access 

interference (MAI) signals as an additive white Gaussian 

process additional to the background Gaussian noise. The 

average variance of the MAI over all possible operating 

conditions is used to compute the signal to noise ratio at 

the filter (correlator) output. Improved Gaussian 

Approximation (IGA) is also CLT based technique which 

requires numerical integration and multiple numerical 

convolutions. IGA is more accurate than SGA. Simplified 

Improved Gaussian Approximation (SIGA) is also CLT 

based technique neither requires the knowledge of 

variance distribution nor numerical integration & 

convolution to achieve BER estimation. 

The transmitted signal is defined for K active users 

transmitted over Rayleigh fading channel and decoded by 

using a matched filter. For BER analysis above defined 

analytical and approximation techniques are used. The 

simulation results shows that closed form expression is 

more accurate with less computational complexity as 

compare to CLT based approximations. From above 

discussion we can understand that SGA is easy to use 

because of its computational simplicity. SGA easily 

adapts with different types of parameter for evaluation 

like BER,  

IV. MODELING & SIMULATIONS TECHNIQUES 

There are various simulation tools/techniques used for 

analysis in the different system model like MATLAB, 

Xilinx, Antenna Software, FPGA based hardware or 

software kit etc. The simulation techniques are more easy 

and feasible way to do the analysis of the particular 

system as compare to hardware analysis method or 

numerical methodologies because in programming any of 

the features can be added or removed easily but in 

hardware implementation it is not possible once a system 

is developed and in numerical analysis as well there is a 

fixed pattern to solve a particular problem which can’t be 

changed or manipulated. There are some reviews are 

mentioned below in which authors uses different 

modeling & simulations techniques.    

The authors define Bit Error Rate (BER) or Probability of 

Error (POE) as a performance measurement that specifies 

the number of bit corrupted or destroy as they are 

transmitted from its source to its destination. Several 

factors that affect BER include bandwidth, SNR, 

transmission speed, transmission medium. SNR, signal-

to-noise density ratio (Eb is the energy per bit and No is 

the noise density) is a measure of the amount of good 

signal divided by the amount of noise being received. 

They have also shown the constellation diagram of 

16PSK & 16QAM which tells that how different the 

modulation waveform are, and how well a receiver can 

differentiate between all possible symbols when random 

noise is present. They define AWGN (Additive White 

Gaussian Noise) is said to be Additive because the 

received signal is equal to the transmitted signal plus 

noise. It is White because it has a constant power spectral 

density. It is Gaussian because its probability density 

function can be accurately modeled to behave like 

Gaussian distribution. Small scale fading is known as 

Rayleigh fading since the fluctuation of the signal 

envelope is Rayleigh distributed when there is no 

predominant line of sight between the transmitter and the 

receiver.  

In case of performance of MPSK & MQAM for an 

AWGN channel for N=1000 samples and M= 4, 8, 16, 32 

& 64. BER reduces monotonically with increase in Eb/No. 

BER is measured by the distance between two nearest 

points in the signal space diagram (constellation diagram) 

as the distance between two points decreases the 

probability of error increases. Hence distance should be as 

large as possible. So, probability of BER increases as M 

increases. The results shows that there is no significant 

change in BER when M>16, so, instead of increasing the 

complexity of system by higher order technique (i.e. 32or 

64). It is recommended to use modulation with M<16. 

Performance of MPSK & MQAM for Rayleigh & AWGN 

channel for N=1000 samples, Doppler Shift = 100 Hz. In 

a AWGN channel, for larger values of Eb/No, the error 

probability decreases exponentially with respect to 

Eb/Nowhile in a Rayleigh fading channel the probability of 

error decreases linearly w.r.t Eb/No. The smaller the value 

of BER required, the worse is the performance 

degradation. Thus the power required to maintain a 

particular BER, for small values, is much higher in fading 

channel. Simulations results shows that 8PSK requires 

1dB SNR to maintain 10
-1

 bit error rate in AWGN fading 

while QAM requires 4dB SNR to maintain the same error 

in Rayleigh fading. 

They describe the system model as at transmitter part, the 

data is generated from a random source, consists of series 

of ones and zeroes. Then the BPSK and QPSK 

modulation techniques are used to map the bits into 

symbols. Then the signal is encoded by STBC technique 

and transmits over different channels like AWGN, 

Rayleigh & Rician. Finally the signal received by each 

receiver antenna is a linear superposition of the 

transmitted signal. Masud & Rahman [10] analyze the 

BER performance of modulation techniques of wideband 

CDMA. They considered QPSK & M-ary QAM 

modulation schemes in W-CMA system when system is 

subjected to AWGN & Rayleigh channel. The authors 

give a brief introduction about QPSK & QAM modulation 

techniques. QPSK is an example of M-ary PSK 

modulation technique (M=4) where it transmits 

2bits/symbol. The phase carrier takes on one of four 

equally spaced values, such as 0, Л/2, Л and 3Л/2 where 

each value of phase corresponds to a unique pair of 

message bits. QAM is a modulation technique where its 

amplitude varies with phase. QAM signaling can be 

viewed as the combination of Amplitude Shift Keying 

(ASK) as well as Phase Shift Keying (PSK). 

The authors assumed the user data rate as Bernoulli 

distributed in the transmitter model. Each user data is then 

multiplied with a different PN code produced by PN 

generator using XOR operator. Then the signal is 

modulated with the help of QPSK and 16 QAM. At the 
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receiver, the signal is demodulated before the user data is 

separated from PN code by XOR logical operator. 

Throughout the work they assume the bit rate of 384Kbps 

for the signal generator. The simulation results shows that 

in AWGN & Rayleigh channel QPSK modulation 

technique has a better performance compared to that of 

16-QAM. At the transmitter, each user’s modulated signal 

is spread by a pre-assigned spreading code. The frequency 

domain spread signal is interleaved and then converted 

into time domain by IFFT. At the receiver, after removing 

the cyclic prefix, the time domain signal is converted into 

frequency domain by FFT and a frequency domain 

MMSE (Minimum Mean Square Error) equalizer is 

implemented to recover the orthogonality of the spreading 

codes. Then the equalized signal is despread directly to 

obtain the desired user’s signal. All results are calculated 

for 10
3
 bits of transmission, the length of spreading code 

is same as number of sub-carriers and the SNR varies 

from 0 to 20 db. For the Rayleigh channel four paths are 

considered, the delay for each path is taken as multiple of 

λ/2. Simulation results show that BER reduces for 

increase in sub-carriers as it decreases the effects of 

multipath fading (For single user, 4, 16 & 64 subcarriers 

are there and path gains are  P1=0.7, P2=0.3, P3=0.0 & P4= 

0.0). In case of single user and multiple users (2, 8 & 32 

users) for 4, 16 & 64 sub carriers and path gains P1=0.7, 

P2=0.1, P3=0.1 & P4= 0.1 BER response is almost same. 

Aun & Zhao analyze modulation techniques of W-CDMA 

in Multiple Rayleigh Fading Channels. The authors use an 

analytical model for evaluating the mean BER of two 

smart antenna receivers i.e. BPSK smart antenna receiver 

and OQPSK smart antenna receiver. The analysis is 

performed assuming Rayleigh and Rician fading 

multipath environment 

V .CONCLUSION 

Finally they concluded that SGA remains fairly accurate 

for most practical scenarios, although slightly over-

estimates the average BER when fading is severe while it 

under-estimates the average BER, when fading is low, 

especially when either low number of interferers are there 

or the SNR is high.They introduce MC-CDMA as DS-

CDMA system modulated by an OFDM carrier, the 

number of sub carriers depends upon the length of 

spreading code used with DS-CDMA. They also told that 

the major difference between MC-CDMA and OFDM is 

the subcarriers in MC-CDMA at any instant transmit the 

one symbol but in OFDM each subcarrier transmit 

separate symbol. They also compare MC-CDMA system 

with DS-CDMA system. DS-CDMA is a method to share 

spectrum among multiple users simultaneously.     
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