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Abstract – In this paper, we have presented the detailed 

mathematical analysis of the output signal to interference 

noise ratio (SINR) for MIMO-OFDM-CDMA system using 

joint space-time frequency (STF) spreading with ZF receiver. 

A 2x2 and 4x4 MIMO system is used for performance 

evaluation in terms of BER. The analysis shows that output 

SINR decreases, as the number of users increases. The 

average bit error probability of the system using ZF receiver 

is derived for different number of users. We also present 

exponential bound of the complementary error function 

(erfc) for probability of error. Simulation results of MIMO-

OFDM-CDMA system are in line with the results obtained 

through mathematical analysis. 
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I. INTRODUCTION 
 

During the past few years, wireless communication has 

emerged as one of the hottest area developing at an 

exponential speed. The emerging fourth generation (4G) 

mobile communication systems are expected to solve the 

remaining problems of third generation (3G) systems such 

as bandwidth efficiency and frequency selectivity and aim 

at Interactive Multimedia, High Speed Internet Access, 

Low Cost Services and Improved Security [1]. MIMO-

OFDM-CDMA system has been identified as a key 

technology to support high data rates in current and future 

wireless systems. MIMO-OFDM-CDMA for the next 

generation wireless mobile combines the advantages of the 

three robust techniques namely OFDM, CDMA and 

MIMO [2]. 

Code Division Multiple Access (CDMA) is a 

multiplexing technique where a large number of users 

simultaneously share a radio channel at the same time by 

spreading their information with preassigned signature 

sequences. However, CDMA suffers from “near-far” 

effect as well as implementation difficulties due to severe 

fading conditions [3]. In order to combat these difficulties 

CDMA is made to combine with OFDM (Orthogonal 

Frequency Division Multiplexing) and the combination is 

known as multicarrier-CDMA or MC-CDMA, which is a 

promising air interface for future communication systems. 

The major advantages of the combined system include 

reduced complexity and robustness against spreading [4]. 

In order to meet the requirements of the broadband 

wireless access, OFDM-CDMA system is further 

combined with MIMO technique i.e. the use of multiple 

antennas at transmitter/receiver. The main idea to use this 

system is to utilize the spectrum efficiently with less 

complexity, maximum diversityand high throughput [5]. 

In this paper the performance of MIMO-OFDM-CDMA 

system is analyzed mainly by considering zero-forcing 

(ZF) receiver. A detailed mathematical model for SINR 

and probability of error of MIMO-OFDM-CDMA system 

using ZF receiver has been developed. The advantages of 

using zero-forcing receiver include lower cost, simple 

structure and relatively good performance at high SNR 

than other receivers [6]. 

The rest of the paper is organized as follows. Section II 

depicts a MIMO-OFDM-CDMA system model. Section 

III describes the receiver architecture and the detailed 

mathematical analysis for Zero-Forcing Receiver. The 

simulation results are presented in section IV followed by 

a conclusion in section V.  

 

II. SYSTEM MODEL 
 

In this section the detailed model of MIMO-OFDM-

CDMA system is being discussed. The block diagram is 

presented in figure1. 

A. Review Stage MIMO-OFDM-CDMA Transmitter 
The system architecture as shown in fig. 1(a) contains 

𝑁𝑡  transmit and𝑁𝑟  receive antennas at the receiver and 

where(𝑁𝑟 ≥  𝑁𝑡) and 𝐾𝑛 stands for K-th subcarrier at time 

n (n=1, 2, …..,𝑁𝐶). At the transmitter, multiuser 

multiplexing is employed, where all the users are added 

together and then it is serial to parallel converted, after that 

each bit stream for each antenna are coded separately and 

then mapped to their corresponding symbols. Then these 

symbols are then grouped into 𝑁𝑓  symbols in IFFT where 

frequency domain symbols are converted into time domain 

symbols. After that it is spread with a size 𝑁𝐶  using joint 

STF-domain spreading by Walsh Hadamard codes 

where 𝑁𝑓 > 𝑁𝐶  to ensure orthogonality between users [7].  

Now we will describe in detail the joint STF spreading as 

shown in fi. 1(b), where the signal is first spread in space, 

then by time spreading and lastly by time-frequency 

mapping as in [8] which is briefly explained as follows 

1) Space Spreading 
The signal to be transmitted is spread in space domain 

by using Walsh Hadamard orthogonal codes or columns of 

FFT matrix. Let 𝑥𝑘  be the transmitted symbol from user k, 

then after spreading,  

𝑥𝑘
′  =  𝑠𝑘𝑥𝑘  

 

=   𝑥𝑘 ,1
′ , 𝑥𝑘 ,2

′ , . . . . 𝑥𝑘 ,𝑁𝑡

′  ;  𝑘 = 1,2, . . . . . . 𝑀               (1) 
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(a) MIMO-OFDM-CDMA System 

 

 
(b) Joint STF Spreading block 

 

Fig.1.MIMO-OFDM-CDMA system block diagram 
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Where 𝑥𝑘
′  denotes the spread signal from user k and M 

is the number of users in the system and 𝑠𝑘 =

 𝑠𝑘 ,1 , 𝑠𝑘 ,2 , . . . . . . 𝑠𝑘 ,𝑁𝑡
 
𝑇
 is the orthogonal code with 

size 𝑁𝑡 . 

2) Time Spreading 
Followed by the spatial spreading, time spreading of the 

transmitted signal 𝑥𝑘
′  is done by using 𝑐𝑘  orthogonal code 

for user k with size 𝑁𝐶 . Let 𝑥𝑘
′′  be the spread signal in time 

domain, 

𝑥𝑘 ,𝑖
′′  =  𝑐𝑘𝑥𝑘 ,𝑖

′  

 

=   𝑥𝑘 ,𝑖 ,1
′′  ,  𝑥𝑘 ,𝑖 ,2

′′  , . . . . . 𝑥𝑘 ,𝑖 ,𝑁𝐶

′′  
𝑇

;  𝑖 = 1,2, . . 𝑁𝑡                   (2) 

where 𝑥𝑘 ,𝑖 ,𝑛
′′  is the transmitted signal for user k from 

antenna i at time n (n=1, 2, …..,𝑁𝐶) and 𝑁𝐶  is the length of 

spreading code. 

3) Time-Frequency Mapping: 

At the resultant of space-time spreading i.e. 𝑥𝑘 ,𝑖
′′ , time-

frequency mapping is done before IFFT operation is 

performed. Here all users will use the same mapping 

method at each antenna. Let’s consider the mapping for 

𝑥𝑘 ,1
′′  and assume 𝑥𝑘 ,1,1

′′  occupies OFDM symbol 1 at 

subcarrier 𝐾1, 𝑥𝑘 ,1,2
′′  occupies OFDM symbol 2 at 

subcarrier  𝐾2 and 𝑥𝑘 ,1,𝑁𝐶

′′  occupies OFDM symbol  𝑁𝐶  at 

subcarrier 𝐾𝑁𝐶
. The next transmitted signal 𝑥𝑘 ,1,1

′′  occupies 

OFDM symbol 1 at subcarrier 𝐾1 + 1 , 𝑥𝑘 ,1,2
′′  occupies 

OFDM symbol 2 at subcarrier 𝐾2 + 1. Subsequent 

symbols will be spread in the same manner as symbols 1 

and 2. 

After spreading, the resultant signals are modulated 

using QPSK modulation and then with the help of  𝑁𝑡  

transmit antennas, it is transmitted into channel. The 

channel is assumed to be Rayleigh fading i.e., the elements 

of the matrices 𝐻 𝑙 (𝑙 = 0,1, . . . . . . 𝐿′ − 1 are independent 

circularly symmetric complex Gaussian random variable 

with zero mean and variance𝜎𝑙
2where 𝐻 𝑙  is 𝑙𝑡ℎ tap 

and 𝐿′ is the channel length [8]. 

B. MIMO-OFDM-CDMA Receiver 
At the receiver end, the reverse operation of transmitter 

is performed, as initially the signal is received through 𝑁𝑟  

receive antennas as shown in equation (3) and then it is 

demodulated. Thereafter, despreading is being carried out 

followed by an FFT of size 𝑁𝑓 . After going through 

MIMO decoding block, the reconstructed data is obtained 

with the estimated channel information as shown in 

equation (8). 

 

III. DETAILED MATHEMATICAL ANALYSIS OF 

MIMO-OFDM-CDMA RECEIVER 
 

A. Receiver Architecture 
In this each user is assigned different spatial code 𝑠𝑘  and 

time spreading code 𝑐𝑘 . Then the received signal will be as 

in [8] 

𝑦𝐾𝑛
=    𝐻𝐾𝑛

𝑐𝑘 ,𝑛𝑠𝑘 𝑥𝑘 +  𝑛𝐾𝑛 ′

𝑀

𝑘=1

 1 ≤  𝐾𝑛 ≤ 𝑁𝑓          (3) 

Where 𝐾𝑛  stands for K-th subcarrier at time n (n=1, 2, 

…..,𝑁𝐶), k stands for user index, 𝐻𝐾𝑛
 is the impulse 

response of the channel K-th subcarrier at time n and 𝑁𝑓  is 

the size of FFT matrix.  

Stacking the received signal in a column, we get 

 
 
 
 
𝑦𝐾1

𝑦𝐾2
⋮
⋮
⋮

𝑦𝐾𝑁𝑐  
 
 
 

   

 =  𝐻 𝑠 1𝑥1 + 𝐻 𝑠 2𝑥2 + ⋯ + 𝐻 𝑠 𝑀𝑥𝑀 + 𝑛            (4) 

 =   𝐻 1𝐻 2  …  𝐻 𝑀          𝑥 + 𝑛                                                     (5)  

                      G 

where 𝐻  is the modified channel matrix for 𝑁𝐶  subcarriers, 

𝐻 𝑘  is the effective channel (𝑁𝐶𝑁𝑟 × 1) for user k and 

𝑠 𝑘 =  𝑐𝑘⨂𝑠𝑘  is the combined spatial-time spreading code 

and ⊗ is the Kronecker product matrix where,  

𝑠 𝑘 =   

𝑐𝑘 ,1

𝑐𝑘 ,2
⋮
⋮

𝑐𝐾,𝑁𝑐

                                                                            (6) 

At the receiver side, all the operation will be performed 

in a reverse manner to that of the transmitter. However this 

cannot be performed until all the symbols corresponding 

to one super-frame are not received. We are using ZF 

receiver in the system because of its ability to remove ISI 

and its simple design. Then the reconstructed data signal is 

obtained as follows [9]-[10]. 

𝑥 =  (𝐺𝐻𝐺)−1𝐺𝐻𝑦                                                              (7) 

where𝑥 =   𝑥 1 , 𝑥 2 , … … . 𝑥 𝑀    is the reconstructed signal, G 

is the channel matrix and y is the received symbol. 

B. Analysis of ZF Receiver in MIMO-OFDM-CDMA 

System 
ZF Receiver is also known as decorrelator or 

interference nulling receiver. ZF is based upon nulling all 

other users by using the pseudo-inverse (𝐺𝐻𝐺)−1, in order 

to make a decision about desired user [11]-[12]. ZF is 

mainly considered in this paper because of its less 

computational complexity and moreover a large diversity 

gain can be achieved for a large number of users as joint 

STF-spreading is used in this system. In this, signal from 

the first user is considered as the desired signal while the 

signals from other users are considered as interfering 

signals. In order to proceed further, the value of channel 

matrix G from equation (5) is substituted in the equation 

(7). As a result, the reconstructed signal for user 1 can be 

rewritten as [8]. 

𝑥 1 = (𝐻 1
𝐻𝐻 1)−1𝐻 1

𝐻𝑦                                                             (8) 
Substituting the value of equation (3) and (4) in equation 

(8) we get 

=  𝑠 1
𝐻𝐻 𝐻𝐻 𝑠 1 

−1
𝑠 1

𝐻𝐻 𝐻(𝐻 𝑠 1𝑥1 + 𝐻 𝑠 2𝑥2+. . . . . . 𝐻 𝑠 𝑀𝑥𝑀 + 𝑛) 

From the above equation we can identify the desired 

signal S, multiple access interference (MAI) 𝐼 and noise 𝜂 

which are represented as in [8] 

 𝑆 = 𝑥1                                                                                   (9) 

𝐼 =  𝑠 1
𝐻𝐻 𝐻𝐻 𝑠 1 

−1
 (𝑠 1

𝐻𝐻 𝐻

𝑀

𝑘=2

𝐻 𝑠 𝑘) 𝑥𝑘                         (10) 

𝜂 =  𝑠 1
𝐻𝐻 𝐻𝐻 𝑠 1 

−1
𝑠 1

𝐻𝐻 𝐻  𝑛                                           (11) 
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For finding the Signal-to-interference noise ratio 

(SINR) Γ, we assume that S,𝐼,𝜂 are uncorrelated therefore, 

Γ =  
𝐸 𝑆2 

 𝐸  𝐼 2 + 𝐸  𝜂 2 
                                                   (12) 

 

 =  
𝐸 𝑆2 

𝜎𝐼
2 + 𝜎𝜂

2
 

If 𝑥𝑘 (MAI) are assumed to be mutually independent, 

then input symbols  𝑥𝑘 𝑘=1
𝑀  are assumed to be Gaussian 

with unit variance. The effective channel 𝐻 𝑘
𝐻  is Gaussian 

random variable with zero mean and unit variance ∼CN(0, 

1) is denoted as 

𝐻 𝑘
𝐻𝐻 𝑙 =  𝑠 𝑘

𝐻𝐻 𝐻𝐻 𝑠 𝑙                                                         (13) 

Now Average power of desired signal is taken as 

𝐸 𝑆2 = 1  14  

Further, multiple access interference 𝜎𝐼
2 can now be 

rewritten as 

𝜎𝐼
2 =  𝐸  𝐼 2  =  𝐸[ 𝑠 1

𝐻𝐻 𝐻𝐻 𝑠 1 
−2

  𝑠 1
𝐻𝐻 𝐻 𝐻 𝑠 𝑘  

2
𝑀

𝑘=2

 (15) 

Since 𝐸[𝑥𝑘 ]2 = 1 and using equation (4) we obtain 

=  𝐸[ 𝐻 1
𝐻𝐻 1 

−2
  𝐻 1

𝐻𝐻 𝑘  
2

𝑀

𝑘=2

                                         (16) 

Now let’s us assume in equation (16) that 𝐻 1 =

  𝐻 1
𝐻𝐻 1𝑃𝑒1 , where P is permutation matrix and 𝑒1 is the 

1-st column of the Identity matrix. Then putting the value 

of above equation in (16) we get  

𝜎𝐼
2 =  𝐸   𝐻 1

𝐻𝐻 1 
−2

   𝐻 1
𝐻𝐻 1𝑒1

𝐻 𝑃𝐻𝐻 𝑘  

2𝑀

𝑘=2

             17  

= 𝐸   𝐻 1
𝐻𝐻 1 

−2
 𝐻 1

𝐻𝐻 1   𝑒1
𝐻 𝑃𝐻𝐻 𝑘  

2
𝑀

𝑘=2

                    18  

= 𝐸   𝐻 1
𝐻𝐻 1 

−1
  𝑒1

𝐻 𝑃𝐻𝐻 𝑘  
2

𝑀

𝑘=2

                                   (19) 

 

 =
𝐸    𝑒1

𝐻 𝑃𝐻𝐻 𝑘  
2𝑀

𝑘=2  

𝐸  𝐻 1
𝐻𝐻 1  

 

=  
1

 𝑀 − 1 
   𝑧 𝑘  2

𝑀

𝑘=2

 
1

𝑁𝑡𝑁𝑐

   𝑥 𝑚  2

𝑁𝑡𝑁𝑐

𝑚=1

                   20  

In the above equation  𝑧 𝑘  2 and  𝑥 𝑚  2 are the chi-

squared random variables,  𝑀 − 1  and  
1

𝑁𝑡𝑁𝑐
  are the 

degrees of freedom and 𝐻 𝑘  is the Gaussian random 

variable as defined in equation (13). 

Average Noise power is taken as 

𝜎𝜂
2 = 𝐸   𝑠 1

𝐻𝐻 𝐻𝐻 𝑠 1 
−2

𝑠 1
𝐻𝐻 𝐻𝑛𝑛𝐻𝐻 𝑠 1                           21  

From equation (5) and since 𝐸 𝑛𝑛𝐻 =  𝜎2I where I is 

the identity matrix, then putting both these values in 

equation (21) we can get  

= 𝐸   𝐻 1
𝐻𝐻 1 

−2
𝑠 1

𝐻𝐻 𝐻𝐻 𝑠 1 𝜎2I                                         (22) 

= 𝐸   𝐻 1
𝐻𝐻 1 

−2
𝐻 1

𝐻𝐻 1 𝜎2                                                  (23) 

= 𝐸   𝐻 1
𝐻𝐻 1 

−1
 𝜎2                                                          (24) 

= 𝜎2  
1

𝑁𝑡𝑁𝑐

    𝑥 𝑚  2

𝑁𝑡𝑁𝑐

𝑚=1

                                                  25  

Hence putting the value from equation (14), (20) and (25) 

in equation (12), we obtain SINR expression for ZF 

receiver in MIMO-OFDM-CDMA system as below: 

Γ =
E 𝑆2 

𝜎𝐼
2 + 𝜎𝜂

2 
                                                                       (26) 

=
1

 
1

𝑀−1
   𝑧 𝑘  2𝑀

𝑘=2

 
1

𝑁𝑡𝑁𝐶
   𝑥 𝑚  2

𝑁𝑡𝑁𝑐
𝑚 =1

+
𝜎2

 
1

𝑁𝑡𝑁𝐶
   𝑥 𝑚  2

𝑁𝑡𝑁𝑐
𝑚 =1

                         (27) 

 

=
1

 1 𝐹𝑎 ,𝑏  +  𝜎2 𝜒2  
                                                  (28) 

Where 𝜒2 is the chi-squared random variable with 𝑁𝑡𝑁𝑐  

degree of freedom and 𝐹𝑎 ,𝑏  is the F- distribution random 

variable (which is ratio of twochi-squared randomvariable) 

where 𝑎 = 𝑁𝑡𝑁𝑐  and 𝑏 = 𝑀 − 1 degrees of freedom. 

Now we will obtain the expression for BER in terms of 

erfc which is represented as 

𝑃𝑒 = 𝑄  Γ                                                                     29  

𝑃𝑒 = 𝑒𝑟𝑓𝑐 𝑠𝑞𝑟𝑡 𝑆𝐼𝑁𝑅                                              (30) 

𝑃𝑒 =  𝑓(𝑦)𝑄  𝑦 𝑑𝑦
∞

0

                                                   (31) 

When the number of users increases, then the 

interference component will be the dominant component 

i.e. 
1

𝑀−1
   𝑧 𝑘  2𝑀

𝑘=2 > 𝜎2, therefore by neglecting𝜎2, 

equation (27) can be rewritten as  

Γ =
1

 
1

𝑀−1
   𝑧 𝑘  2𝑀

𝑘=2

 
1

𝑁𝑡𝑁𝐶
   𝑥 𝑚  2𝑁𝑡𝑁𝑐

𝑚 =1

                                                       (32) 

Or it can also be written as 

𝑦 =
𝑃 𝜎2 

 1 𝑥  
                                                                       33  

where 𝑃 𝜎2  represents SNR, 𝑥 is 𝑓𝑎 ,𝑏 -distribution with 

𝑎 = 𝑁𝑡𝑁𝑐  and 𝑏 = 𝑀 − 1 degrees of freedom and the 

probability density function 𝑓𝑎 ,𝑏(𝑥) can be written as 

𝑓𝑎 ,𝑏 𝑥 =  
𝑎𝑎𝑏𝑏

𝛽(𝑎, 𝑏)

𝑥𝑎−1

 𝑏 + 𝑎𝑥 𝑎+𝑏
                                     (34) 

Equation (33) can be written as  
1

𝑥
𝑦 =  

𝑃

𝜎2
 

𝑥 =  
𝑦

𝑃 𝜎2 
                                                                           (35) 

From equation (34) we know the value of 𝑓𝑎 ,𝑏 𝑥 . 

Hence putting the value of equation (35) in (34), we get 

𝑓𝑎 ,𝑏  
𝑦

𝑃 𝜎2 
 =  

𝑎𝑎𝑏𝑏

𝛽 𝑎, 𝑏 

 
𝑦

𝑃 𝜎2 
 

𝑎−1

 𝑏 + 𝑎  
𝑦

𝑃 𝜎2 
  

𝑎+𝑏
               (36) 

 

𝑓𝑎 ,𝑏  
𝑦

𝑃 𝜎2 
 =

𝑎𝑎𝑏𝑏

𝛽 𝑎, 𝑏 

 
𝑦

𝑃 𝜎2 
 

𝑎−1
 𝑃 𝜎2  𝑎+𝑏

  𝑃 𝜎2  𝑏 + 𝑎𝑦 
𝑎+𝑏               (37) 
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𝑓𝑎 ,𝑏  
𝑦

𝑃 𝜎2 
  =  

𝑎𝑎𝑏𝑏

𝛽(𝑎, 𝑏)

𝑦𝑎−1 𝑃 𝜎2  𝑏+1

  𝑃 𝜎2  𝑏 + 𝑎𝑦 
𝑎+𝑏

      (38) 

Now by removing the scaling factor (𝑃 𝜎2 ) from both 

side, we get the below equation 

𝑓𝑎 ,𝑏 𝑦 =  
𝑎𝑎𝑏𝑏 𝑃 𝜎2  𝑏

𝛽(𝑎, 𝑏)

𝑦𝑎−1

  𝑃 𝜎2  𝑏 + 𝑎𝑦 
𝑎+𝑏    (39) 

Now we will obtain the value for𝑄  Γ . Q-function can 

be expressed in terms of error function or complementary 

function which is given by the equation [13] 

𝑄 𝑥 =  
1

2
 𝑒𝑟𝑓𝑐  

𝑥

 2
  

and it can also be written as  

𝑒𝑟𝑓𝑐 𝑥 =   
 2

 𝜋
exp  

−𝑥2

sin2 𝜃
 𝑑𝜃

𝜋
2 

0

;  𝑥 ≥ 0 

By using the Chernoff-Rubin bound for 𝑥 ≥ 0 and by 

replacing the integrand with its maximum value that 

occurs at 𝜃 =  𝜋 2 , the above equation can be written as 

𝑒𝑟𝑓𝑐 𝑥 =
 2

 𝜋
 exp  

−𝑥2

sin2 𝜃
 𝑑𝜃

𝜋
2 

0

 

≤  
 2

 𝜋
 exp −𝑥2 𝑑𝜃

𝜋/2

0

 

=  exp(−𝑥2) 

Since in the above equation  sin 𝜃 ≤  𝜃, 𝑓𝑜𝑟 𝜃 ≥ 0 and 

by choosing arbitrary N values of 𝜃 such 

that 𝜃𝑜 , 𝜃1 , …… 𝜃𝑁 , we can write the improved exponential 

bound equation as in [13] 

𝑒𝑟𝑓𝑐 𝑥  ≤  
 2

 𝜋
  exp  

−𝑥2

sin2 𝜃𝑖

 𝑑𝜃
𝜃𝑖

𝜃𝑖−1

𝑁

𝑖=1

                (40) 

=   𝑎𝑖  exp(−𝑏𝑖𝑥
2)

𝑁

𝑖=1

                                                    (41) 

where𝑎𝑖 =  
2(𝜃𝑖−𝜃𝑖−1)

𝜋
 𝑎𝑛𝑑 𝑏 =

1

sin 2 𝜃𝑖
 

By solving the above equation by trapezoidal rule for 

N=2 and at an arbitrary value of 𝜃, we get 

𝑒𝑟𝑓𝑐 𝑥 =   
1

2
−

𝜃

𝜋
 𝑒−𝑥2

+
1

2
𝑒

−
𝑥2

sin 𝜃2  

By putting the value of 𝜃 = 𝜋 3 , we get 

𝑒𝑟𝑓𝑐 𝑥 =  
1

2
−

𝜋

𝜋. 3
 𝑒−𝑥2

+ 
1

2
𝑒

−
𝑥2

 sin 𝜋/3 2  

 𝑒𝑟𝑓𝑐 𝑥  =  
1

6
𝑒−𝑥2

+  
1

2
𝑒

−
𝑥2

  3/2 
2
 

 𝑒𝑟𝑓𝑐 𝑥  =
1

6
𝑒−𝑥2

+ 
1

2
𝑒−4

3𝑥2
                                         (42) 

Now if, by replacing the value of x by   y  in equation 

(42) we obtain 

 𝑒𝑟𝑓𝑐  y  =
1

6
𝑒−𝑦 + 

1

2
𝑒−

4
3𝑦                                      (43) 

By substituting the value of equations (39) and (43) in 

equation (31), we obtain the probability of error𝑃𝑒 , 

𝑃𝑒 ≤  
𝑎𝑎𝑏𝑏 𝑃 𝜎2  𝑏

𝛽 𝑎, 𝑏 

𝑦𝑎−1

  𝑃 𝜎2  𝑏 + 𝑎𝑦 
𝑎+𝑏

∞

0

  

 
1

6
𝑒−𝑦 + 

1

2
𝑒−4

3
𝑦 𝑑𝑦      (44) 

IV. SIMULATION RESULTS 

 

To investigate the performance of MIMO-OFDM-

CDMA system, simulations were carried out by the 

MATLAB software where we assume 𝑁𝑡 = 4 transmit 

antennas and 𝑁𝑟 = 4 receive antennas and channel is 

assumed to be Rayleigh fading with channel length of 

L=4. For Time and Space spreading, Walsh-Hadamard 

codes are being used and the length of the spreading code 

is 𝑁𝐶 = 16 and where each OFDM symbols has 128 

subcarriers. The modulation technique used is quadrature 

phase-shift keying (QPSK) and the maximum number of 

users allowed by the system is 𝑁𝐶(min 𝑁𝑡𝑁𝑟)) as in [8]. 

In fig. 2, we have plotted the probability density 

function for SINR of MIMO-OFDM-CDMA system using 

zero forcing receiver as defined by the equation (27). 

Figure 3, shows the PDF curves of SINR for various 

numbers of users i.e. 8, 16, 32 and 64 users and it is found 

thatas the number of users increases, the peak SINR 

decreases. 

 
Fig.2. Probablity density function for SINR of MIMO-

OFDM-CDMA system. 

 

 
Fig.3. Probability density functions for SINR of MIMO-

OFDM-CDMA system with different number of users. 

 

In fig. 4, we have shown the BER performance of 

MIMO-OFDM-CDMA system with different numbers of 

users in Rayleigh fading channel for 4 transmits and 4 



 

 

 

Copyright © 2013 IJECCE, All right reserved 

1264 

International Journal of Electronics Communication and Computer Engineering 

Volume 4, Issue 4, ISSN (Online): 2249–071X, ISSN (Print): 2278–4209 

 

receive antennas. These curves are obtained by computer 

programming of BER expression obtained through 

detailed mathematical analysis from equation (31). It is 

clear from the figure (4) that the BER performance is 

degraded, as the numbers of users increases. The results 

incorporatedin this figure include the effects of both MAI 

as well as noise. 

 
Fig.4. BER Performance of MIMO-OFDM-CDMA 

system in Rayleigh fading channel using 4Tx and 4Rx  

antennas. 

 

Fig. 5 shows the BER performance of MIMO-OFDM-

CDMA system, with different numbers of users in the 

channel where MAI is only considered. The results show a 

great improvement as compared to the performance in 

Rayleigh fading channel for 4 transmit and 4 receive 

antennas. In this graph also, degradation in BER takes 

place with the increase in numbers of users. 

 
Fig.5. BER performance of MIMO-OFDM-CDMA system 

in channel where MAI is only considered using 

4Tx and 4Rx  antennas. 

 

In order to justify the validity of BER results obtained 

through mathematical analysis, the BER results of MIMO-

OFDM-CDMA system were obtained through computer 

simulation using LabVIEW. The corresponding results for 

different modulation techniques i.e., BPSK, QPSK and 16-

QAM using ZF receiver for MIMO-OFDM-CDMA 

system are plotted in fig. 6. Fig. 6 clearly shows that the 

higher order modulation techniques provide degraded 

BER performance. 

 
Fig.6. BER performance of MIMO-OFDM-CDMA 

system using different modulation techniques. 

 

In fig.7, we compare the analytical result provided by 

the equation (31) with the simulation model of MIMO-

OFDM-CDMA system and it is interesting to note that the 

simulated results are in line with our analytical results 

provided all the system parameters are same. 

 
Fig.7. Probability of error for analytical vs. simulation 

model. 

 

V. CONCLUSION 
 

In this paper, MIMO-OFDM-CDMA system with joint 

STF spreading was considered as a solution for 

maximizing the spatial diversity on the receiver side and 

ZF receiver is considered in the system due to its better 

performance at high SNR and less computational 

complexity. The expression for output SINR of MIMO-

OFDM-CDMA system using ZF receiver was derived 

through detailed mathematical analysis. The PDF curves 

for output SINR revealed that the peak SINR decreases as 

the numbers of users increases from 8 to 64 users. The 

BER performance of MIMO-OFDM-CDMA system was 

evaluated and plotted through mathematical analysis as 

well as through simulation modeling. The simulation 

results are well in line with the analytical results. 
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