
123 

ICTS24632019-CM1047 

 

International Conference on Technical Sciences (ICST2019) 

  March 2019 06 – 04   
 

 

Performance Analysis of MIMO Wireless System 

with Four Transmit Antennas based on OSTBC over 

AWGN and Flat Fading Channels 
 

Yassen A.Aweli  
Communication Engineering 

Department 
Collage of Electronic Technology – 

Tripoli 
Tripoli, Libya 

yassenawily@gmail.com 

 

 

Masoud M. Eddaghel 
Communications and Microwaves 

Engineering Department 
College of Electronic Technology –

Baniwalid 

Baniwalid, Libya 
masoud_edd@yahoo.com 

Abstract— This paper presents bit error rate (BER) 

performance analysis of multiple input multiple output 

(MIMO) wireless communication systems with four transmit 

antennas, which is based on orthogonal space time block 

coding (OSTBC) over additive white Gaussian noise (AWGN) 

and flat fading channels. MIMO technique improves the BER 

performance of wireless communication by either combating 

or exploiting multipath scattering in the communications 

channel between a transmitter and receiver. However, MIMO 

implementation is based on STBC. Alamouti’s scheme is the 

only orthogonal STBC which provides full diversity gain and 

full coding rate. Therefore, the focus of this paper is to 

transmit four orthogonal STBC signals from four transmit 

antennas. In addition, maximum ratio combiner (MRC) is used 

at the receiver side. As a result of using OSTBC at the 

transmitter and MRC technique at the receiver, full spatial 

diversity gain and half coding rate are achieved. 

Normalization of the transmitted power by scaled by 

𝟏 √𝟐𝑵⁄  is considered in this paper. Moreover, this paper 

presents the comparison of BER performance of MIMO 

wireless communication system with four by one, two, three 

and four based on OSTBC, with QPSK modulation scheme, 

over AWGN and flat fading channels. The simulation results 

confirm that the significant improvement in BER performance 

of four by four MIMO systems compared with other BER 

systems performance. 

 

Keywords— four by one MISO system, four by four MIMO 

system, OSTBC, BER performance, AWGN channel, flat fading 

channel. 

I. INTRODUCTION 

In most environments where wireless communication 

systems operate, the strength of the received signal varies 

with time, which is called fading. so, to reduce the impact of 

fading, the concept of diversity is often employed. Diversity 

refers to transmitting replicas of the same signal over a 

fading channel in such a way that each replica fades 

independently of the others. There are various ways to 

generate replicas of a signal for diversity purposes such as 

time diversity, frequency diversity, and spatial diversity [1], 

[2]. This work will focus on spatial diversity, which refers to 

transmitting the same information over different physical 

paths between the transmitter and receiver via different 

antennas. Multiple Input Multiple Output communications 

(MIMO) refers to a collection of signal processing 

techniques that have been developed to enhance the 

performance of wireless communication systems using 

multiple antennas at the transmitter, receiver, or both. 

MIMO techniques improve communication performance by 

two main concepts. The first concept is called spatial 

diversity which refers to techniques that are used to improve 

the reliability of a communications link without increasing 

the transmitted power. The second concept is called spatial 

multiplexing refers to techniques that are used to increase 

data rate without increasing the required bandwidth [3]. In 

addition, spatial diversity can be classified into receive 

diversity and transmit diversity. Receive diversity can be 

based on maximum ratio combiner (MRC) or selective 

combining or equal gain combining. However, in this paper, 

MRC is used. Whereas, transmit diversity is based on space 

time block coding (STBC).  

Alamouti’s scheme is the first orthogonal STBC where 

its design is based on just two transmit antennas at the 

transmitter side and arbitrary number of antennas at the 

receiver side (Nr). Alamouti’s scheme offers full diversity 

gain which is equal 2Nr and also it offer full coding rate [4], 

[5]. However, when using more than two antennas at the 

transmitter side, the OSTBC is exist, but with coding rate 

less than one. Therefore, the focus of this paper is to 

transmit four orthogonal STBC signals from four transmit 

antennas. Moreover, OSTBC offers simple design, simple 

decoding and give maximum diversity gain to mitigate 

fading.  Also, in this paper we present the complex 
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orthogonal STBC for four transmit antennas and Nr receive 

antennas based on MRC technique to achieve full spatial 

diversity gain and half rate. Figure (1) illustrates general 

block diagram of MIMO system contains Nt transmit 

antennas and Nr receive antennas based on MRC 

techniques. 

 

Tx based on 

OSTBC

 

Rx based on 

MRC

H(t )

 
 

Fig.(1): Block diagram of MIMO system where the transmitter side based 

on OSTBC and the receiver side based on MRC technique. 

 

     As in figure (1), increasing number of transmit antennas 

aims to increase the diversity gain and, as a result, the 

reliability of a communication link. For general codes where 

a symbol is transmitted N times real or complex with full 

power, the scaling factor 1 √2𝑁⁄  is obtained to normalized 

the power. However, achieving orthogonal codes leads to 

loss on the transmitted data rate [6]. Therefore, the focus of 

this paper is to transmit four symbols using OSTBC coding 

from four transmit antennas. OSTBC offers simple design, 

simple decoding and give maximum diversity gain to 

mitigate fading, but, it has less data rate. The code rate (R) 

of the transmission matrix is the number of symbols (k) 

transmitted by the code per number of time slots t, yields 

R=k/t [7]. In case of three transmit antennas k is number of a 

symbols (𝑠1, 𝑠2, 𝑠3 and 𝑠4) and equals 4 and t is number of 

time slots, which is equal 8. Then the code rate is equal to 

1/2. In this paper we present the complex orthogonal STBC 

for four transmit antennas and Nr receive antennas based on 

MRC technique to achieve full spatial diversity gain and 

half rate.  

 

 

A. Focus of this paper 

BER is a common measure performance for wired and 

wireless communication systems. Therefore, the focus of this 

paper is to measure the BER performance of multi input 

single output (MISO) system using four transmit antennas at 

the transmitter side and one receive antenna at the receiver 

side (4*1), and MIMO system using four transmit antennas 

at the transmitter side and two, three and four receive 

antennas at the receiver side (4* 2, 3, 4). QPSK modulation 

scheme over AWGN and flat fading channel is applied for all 

schemes. These systems are based on OSTBC technique at 

the transmit side and MRC at the receive side. In addition, 

the power of four transmitted signal is normalized by 

multiplying by √8  Moreover, simple transmission models 

and analysis is presented over AWGN and flat fading 

channels. 

B. Organization of this paper 

   The rest of this paper is organized as follows. In Section II, 

system model of MIMO with four transmit antennas and four 

receive antennas based on OSTBC and AWGN channel will 

be presented. In Section III, mathematical analyses of MIMO 

with four transmit antennas and four receive antennas based 

on OSTBC and AWGN channel will be obtained. In Section 

IV, system model of MIMO with four transmit antennas and 

four receive antennas over flat fading channel will be 

studied. In Section V, mathematical analyses of MIMO with 

four transmit antennas and four receive antennas based on 

OSTBC and flat fading channel will be presented. Section 

VI, simulation results is discussed. Finally, conclusion is 

drawn in Section VII. 

C. Common notations 

 Common notations that have been used in this paper are 

(·)*, (.)T and (.)H   which denote complex conjugate, 

transpose and Hermitian transpose operations, respectively. 

II. SYSTEM MODEL OF MIMO (4TX, 4RX) WIRELESS 

SYSTEM BASED ON OSTBC AND AWGN CHANNEL 

    In this system the signals sent from four transmit antennas 

and received from four antennas at the receiver side as in 

figure (2). The channel is assumed as AWGN channel, 

which means that the cannel coefficient is equal one. 
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Fig. (2) ：Schematic diagram of system model of MIMO (4*4) wireless 

communication system based on OSTBC and the channel is 

modeled as AWGN channel 

    Figure (2) illustrates schematic diagram of system model 

of MIMO (4*4) wireless communication system based on 

OSTBC and channel is modeled as AWGN channel. The 

minimum distance between each neighbor transmit antennas 
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is considered as 𝑑𝑚𝑖𝑛 = 𝜆/2 , where 𝜆  is wavelength of 

operating frequency of the wireless communication system.  

   Next, the mathematical analysis of BER of four by four 

MIMO based on OSTBC with QPSK and over AWGN 

channel will be obtained. 

III. MATHEMATICAL ANALYSIS OF MIMO (4TX, 4RX)  

SYSTEM BASED ON OSTBC  AND OVER AWGN CHANNEL 
     Mathematical model is obtained from the schematic 

diagram of four by four (4*4) MIMO system over AWGN 

channel, as in figure (2). Orthogonal Space Time coding 

(OSTC) technique is implemented at the transmitter side. 

The transmission process is done in eight time slots. 

Therefore, the received signals in the first time slot:  

𝐫𝟎 = 𝐬𝟎 + 𝐬𝟏 + 𝐬𝟐 + 𝐬𝟑 + 𝐧𝟎   (1) 

𝐫𝟏 = 𝐬𝟎 + 𝐬𝟏 + 𝐬𝟐 + 𝐬𝟑 + 𝐧𝟏  (2) 

𝐫𝟐 = 𝐬𝟎 + 𝐬𝟏 + 𝐬𝟐 + 𝐬𝟑 + 𝐧𝟐  (3) 

𝐫𝟑 = 𝐬𝟎 + 𝐬𝟏 + 𝐬𝟐 + 𝐬𝟑 + 𝐧𝟑  (4) 

 

   Then, the received signals in the second time slot: 

𝐫𝟒 = 𝐬𝟎 − 𝐬𝟏 + 𝐬𝟐 − 𝐬𝟑 + 𝐧𝟒    (5) 

𝐫𝟓 = 𝐬𝟎 − 𝐬𝟏 + 𝐬𝟐 − 𝐬𝟑 + 𝐧𝟓    (6) 

𝐫𝟔 = 𝐬𝟎 − 𝐬𝟏 + 𝐬𝟐 − 𝐬𝟑 + 𝐧𝟔  (7) 

𝐫𝟕 = 𝐬𝟎 − 𝐬𝟏 + 𝐬𝟐 − 𝐬𝟑 + 𝐧𝟕    (8) 

 

   Then, the received signals in the third time slot: 

𝐫𝟖 = 𝐬𝟎 − 𝐬𝟏 − 𝐬𝟐 + 𝐬𝟑 + 𝐧𝟖  (9) 

𝐫𝟗 = 𝐬𝟎 − 𝐬𝟏 − 𝐬𝟐 + 𝐬𝟑 + 𝐧𝟗              (10) 

𝐫𝟏𝟎 = 𝐬𝟎 − 𝐬𝟏 − 𝐬𝟐 + 𝐬𝟑 + 𝐧𝟏𝟎  (11) 

𝐫𝟏𝟏 = 𝐬𝟎 − 𝐬𝟏 − 𝐬𝟐 + 𝐬𝟑 + 𝐧𝟏𝟏  (12) 

 

    Then, the received signals in the fourth time slot: 

𝐫𝟏𝟐 = 𝐬𝟎 + 𝐬𝟏 − 𝐬𝟐 − 𝐬𝟎 + 𝐧𝟏𝟐  (13) 

𝐫𝟏𝟑 = 𝐬𝟎 + 𝐬𝟏 − 𝐬𝟐 − 𝐬𝟑 + 𝐧𝟏𝟑  (14) 

𝐫𝟏𝟒 = 𝐬𝟎 + 𝐬𝟏 − 𝐬𝟐 − 𝐬𝟑 + 𝐧𝟏𝟒  (15) 

𝐫𝟏𝟓 = 𝐬𝟎 − 𝐬𝟏 − 𝐬𝟐 − 𝐬𝟑 + 𝐧𝟏𝟓  (16) 

 

   The others received signals from 𝒓𝟏𝟔  to 𝐫𝟑𝟏  are in the 

same pattern as the previous equations, but by replacing 

each 𝒏𝒏 with 𝒏𝒏
∗  .    

   Then the MRC combined received signal 𝐑𝟎  before the 

decision maker can be written as: 

 

𝐑𝟎 = ∑ 𝐫𝐧
𝟏𝟓
𝐧=𝟎 + ∑ 𝐫𝐧

∗𝟑𝟏
𝐧=𝟏𝟔    (17) 

Then, 

𝐑𝟎 = 𝟑𝟐 ∗ 𝐬𝟎 + 𝐍𝟎   (18) 

 

   The 𝐬𝟎
^ is the estimated signal of (𝐬𝟎) after the decision 

maker:  

 

𝐬𝟎
^ = {

𝟏       𝐢𝐟 𝐑𝟎 > 𝐕𝐭

𝟎       𝐢𝐟 𝐑𝟎 ≤ 𝐕𝐭
}   (19) 

 

    Also, the MRC combined received signal 𝐑𝟏 before the 

decision maker can be written as: 

 

𝐑𝟏 = ∑ 𝐫𝐧
𝟑
𝐧=𝟎 − ∑ 𝐫𝐧

𝟏𝟏
𝐧=𝟒 + ∑ 𝐫𝐧

𝟏𝟓
𝐧=𝟏𝟐 + ∑ 𝐫𝐧

∗𝟏𝟗
𝐧=𝟏𝟔 −

∑ 𝐫𝐧
∗𝟐𝟕

𝐧=𝟐𝟎 + ∑ 𝐫𝐧
∗𝟑𝟏

𝐧=𝟐𝟖                                                          (20) 

 

𝐑𝟏 = 𝟑𝟐 ∗ 𝐬𝟏 + 𝐍𝟏   (21) 

   The 𝐬𝟏
^ is the estimated signal of (𝐬𝟏) after the decision 

maker:  

 

𝐬𝟏
^ = {

𝟏       𝐢𝐟 𝐑𝟏 > 𝐕𝐭

𝟎       𝐢𝐟 𝐑𝟏 ≤ 𝐕𝐭
}   (22) 

 

   Also, the MRC combined received signal 𝐑𝟐 before the 

decision maker can be written as: 

𝐑𝟐 = ∑ 𝐫𝐧
𝟕
𝐧=𝟎 − ∑ 𝐫𝐧

𝟏𝟓
𝐧=𝟖 + ∑ 𝐫𝐧

∗𝟐𝟑
𝐧=𝟏𝟔 − ∑ 𝐫𝐧

∗𝟑𝟏
𝐧=𝟐𝟒      (23)

  

 

𝐑𝟐 = 𝟑𝟐 ∗ 𝐬𝟐 + 𝐍𝟐                 (24) 

 

   The 𝐬𝟐
^ is the estimated signal of (𝐬𝟐) after the decision 

maker: 

 

𝐬𝟐
^ = {

𝟏       𝐢𝐟 𝐑𝟐 > 𝐕𝐭

𝟎       𝐢𝐟 𝐑𝟐 ≤ 𝐕𝐭
}   (25) 

 

   Also, the MRC combined received signal 𝐑𝟑 before the 

decision maker can be written as: 

   

𝐑𝟑 = ∑ 𝐫𝐧
𝟑
𝐧=𝟎 − ∑ 𝐫𝐧

𝟕
𝐧=𝟒 + ∑ 𝐫𝐧

𝟏𝟏
𝐧=𝟖 − ∑ 𝐫𝐧

𝟏𝟓
𝐧=𝟏𝟐 +

∑ 𝐫𝐧
∗𝟏𝟗

𝐧=𝟏𝟔 − ∑ 𝐫𝐧
∗𝟐𝟑

𝐧=𝟐𝟎 + ∑ 𝐫𝐧
∗𝟐𝟕

𝐧=𝟐𝟒 − ∑ 𝐫𝐧
∗𝟑𝟏

𝐧=𝟐𝟖                    (26) 

    

𝐑𝟑 = 𝟑𝟐 ∗ 𝐬𝟑 + 𝐍𝟑   (27) 

 

   The 𝐬𝟑
^ is the estimated signal of (𝐬𝟑) after the decision 

maker:   

𝐬𝟑
^ = {

𝟏       𝐢𝐟 𝐑𝟑 > 𝐕𝐭

𝟎       𝐢𝐟 𝐑𝟑 ≤ 𝐕𝐭
}   (28) 

 

   The system model of four by four MIMO wireless 

communication system based on OSTBC with QPSK, and 

channel is modeled as flat fading channel, will be addressed 

next. 

IV. SYSTEM MODEL OF MIMO (4TX, 4RX) WIRELESS 

SYSTEM BASED ON OSTBC AND OVER FLAT FADING 

CHANNEL 

   In this system the signals sent from four transmit antennas 

and received from four antennas at the receiver side as in 

figure (2). The channel is assumed as flat fading channel. 

The channel including the effects of the transmit chain, the 

airlink, and the receive chain may be modelled by a 

complex multiplicative distortion composed of a magnitude 
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response and a phase response. That means the cannel 

coefficient can be expressed as 𝐡𝐧 = 𝛂𝐧𝐞
𝐣𝛉 , where, 

𝛂𝐧 is the magnitude  distortion response and 𝐞𝐣𝛉 is  phase 

distortion, respectively [8]. 
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Fig. (3): Schematic diagram of system model of MIMO (4*4) wwireless 

communication system based on OSTBC and flat fading channel 

 

   Figure (3) shows schematic diagram of system model of 

MIMO (4*4) wireless communication system based on 

OSTBC and channel is modeled as flat fading channel. Also, 

the minimum distance between each neighbor transmit 

antennas is considered as 𝑑𝑚𝑖𝑛 = 𝜆/2 , where 𝜆  is 

wavelength of operating frequency of the wireless 

communication network.  

   The mathematical analysis of BER of four by four MIMO 

based on OSTBC with QPSK and over flat fading channel 

will be presented next. 

 

V. MATHEMATICAL ANALYSIS OF  MIMO WIRELESS 

SYSTEM BASED ON OSTBC AND FLAT FADING CHANNEL 
   Mathematical model of MIMO over flat fading channel 

divided into eight time slots, so the received signals in the 

first time slot: 

𝐫𝟎 = 𝐡𝟎 ∗ 𝐬𝟎 + 𝐡𝟏 ∗ 𝐬𝟏 + 𝐡𝟐 ∗ 𝐬𝟐 + 𝐡𝟑 ∗ 𝐬𝟑 + 𝐧𝟎    (29) 

𝐫𝟏 = 𝐡𝟒 ∗ 𝐬𝟎 + 𝐡𝟓 ∗ 𝐬𝟏 + 𝐡𝟔 ∗ 𝐬𝟐 + 𝐡𝟕 ∗ 𝐬𝟑 + 𝐧𝟏    (30) 

𝐫𝟐 = 𝐡𝟖 ∗ 𝐬𝟎 + 𝐡𝟗 ∗ 𝐬𝟏 + 𝐡𝟏𝟎 ∗ 𝐬𝟐 + 𝐡𝟏𝟏 ∗ 𝐬𝟑 + 𝐧𝟐    (31) 

𝐫𝟑 = 𝐡𝟏𝟐 ∗ 𝐬𝟎 + 𝐡𝟏𝟑 ∗ 𝐬𝟏 + 𝐡𝟏𝟒 ∗ 𝐬𝟐 + 𝐡𝟏𝟓 ∗ 𝐬𝟑 + 𝐧𝟑    (32) 

 

   Then, the received signals in the second time slot: 

𝐫𝟒 = 𝐡𝟏 ∗ 𝐬𝟎 − 𝐡𝟎 ∗ 𝐬𝟏 + 𝐡𝟑 ∗ 𝐬𝟐 − 𝐡𝟐 ∗ 𝐬𝟑 + 𝐧𝟒    (33) 

𝐫𝟓 = 𝐡𝟓 ∗ 𝐬𝟎 − 𝐡𝟒 ∗ 𝐬𝟏 + 𝐡𝟕 ∗ 𝐬𝟐 − 𝐡𝟔 ∗ 𝐬𝟑 + 𝐧𝟓    (34) 

𝐫𝟔 = 𝐡𝟗 ∗ 𝐬𝟎 − 𝐡𝟖 ∗ 𝐬𝟏 + 𝐡𝟏𝟏 ∗ 𝐬𝟐 − 𝐡𝟏𝟎 ∗ 𝐬𝟑 + 𝐧𝟔    (35) 

𝐫𝟕 = 𝐡𝟏𝟑 ∗ 𝐬𝟎 − 𝐡𝟏𝟐 ∗ 𝐬𝟏 + 𝐡𝟏𝟓 ∗ 𝐬𝟐 − 𝐡𝟏𝟒 ∗ 𝐬𝟑 + 𝐧𝟕    (36) 

 

   Then, the received signals in the third time slot: 

𝐫𝟖 = 𝐡𝟐 ∗ 𝐬𝟎 − 𝐡𝟑 ∗ 𝐬𝟏 − 𝐡𝟎 ∗ 𝐬𝟐 + 𝐡𝟏 ∗ 𝐬𝟑 + 𝐧𝟖   (37) 

𝐫𝟗 = 𝐡𝟔 ∗ 𝐬𝟎 − 𝐡𝟕 ∗ 𝐬𝟏 − 𝐡𝟒 ∗ 𝐬𝟐 + 𝐡𝟓 ∗ 𝐬𝟑 + 𝐧𝟗   (38) 

𝐫𝟏𝟎 = 𝐡𝟏𝟎 ∗ 𝐬𝟎 − 𝐡𝟏𝟏 ∗ 𝐬𝟏 − 𝐡𝟖 ∗ 𝐬𝟐 + 𝐡𝟗 ∗ 𝐬𝟑 + 𝐧𝟏𝟎     (39) 

𝐫𝟏𝟏 = 𝐡𝟏𝟒 ∗ 𝐬𝟎 − 𝐡𝟏𝟓 ∗ 𝐬𝟏 − 𝐡𝟏𝟐 ∗ 𝐬𝟐 + 𝐡𝟏𝟑 ∗ 𝐬𝟑 + 𝐧𝟏𝟏 (40) 

 

   Then, the received signals in the fourth time slot: 

𝐫𝟏𝟐 = 𝐡𝟑 ∗ 𝐬𝟎 + 𝐡𝟐 ∗ 𝐬𝟏 − 𝐡𝟏 ∗ 𝐬𝟐 − 𝐡𝟏 ∗ 𝐬𝟎 + 𝐧𝟏𝟐       (41) 

𝐫𝟏𝟑 = 𝐡𝟕 ∗ 𝐬𝟎 + 𝐡𝟔 ∗ 𝐬𝟏 − 𝐡𝟓 ∗ 𝐬𝟐 − 𝐡𝟒 ∗ 𝐬𝟑 + 𝐧𝟏𝟑       (42) 

𝐫𝟏𝟒 = 𝐡𝟏𝟏 ∗ 𝐬𝟎 + 𝐡𝟏𝟎 ∗ 𝐬𝟏 − 𝐡𝟗 ∗ 𝐬𝟐 − 𝐡𝟖 ∗ 𝐬𝟑 + 𝐧𝟏𝟒     (43) 

𝐫𝟏𝟓 = 𝐡𝟏𝟓 ∗ 𝐬𝟎 − 𝐡𝟏𝟒 ∗ 𝐬𝟏 − 𝐡𝟏𝟑 ∗ 𝐬𝟐 − 𝐡𝟏𝟐 ∗ 𝐬𝟑 + 𝐧𝟏𝟓 (44) 

 

    The others received signals from 𝒓𝟏𝟔 to 𝐫𝟑𝟏 are in the 

same pattern as the previous equations, but by replacing 

each 𝒏𝒏 and 𝒉𝒏 with 𝒏𝒏
∗  , 𝒉𝒏

∗  respectively. 

 

   In general: 

𝐫 = 𝐡 ∗ 𝐬 + 𝐧,                    (45) 

 

where h is channel coefficients. For normalization, the 

channel matrix scaled by 
𝟏

√𝟖
  

 

𝐡 =
𝟏

√𝟖
[
𝐀𝟏𝟔∗𝟒

− − −
𝐀𝟏𝟔∗𝟒

∗
],                        (46) 

 

and, matrix (A)  can be expressed as 

 

𝐀𝟏𝟔×𝟒 =

[
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
𝐡𝟎 𝐡𝟏 𝐡𝟐 𝐡𝟑

𝐡𝟒 𝐡𝟓 𝐡𝟔 𝐡𝟕

𝐡𝟖

𝐡𝟏𝟐

𝐡𝟏

𝐡𝟓

𝐡𝟗

𝐡𝟏𝟑

𝐡𝟐

𝐡𝟔

𝐡𝟏𝟎

𝐡𝟏𝟒

𝐡𝟑

𝐡𝟕

𝐡𝟏𝟏

𝐡𝟏𝟓

𝐡𝟗

𝐡𝟏𝟑

−𝐡𝟎

−𝐡𝟒

−𝐡𝟖

−𝐡𝟏𝟐

−𝐡𝟑

−𝐡𝟕

−𝐡𝟏𝟏

−𝐡𝟏𝟓

𝐡𝟐

𝐡𝟔

𝐡𝟏𝟎

𝐡𝟏𝟒

𝐡𝟏𝟎

𝐡𝟏𝟒

𝐡𝟑

𝐡𝟕

𝐡𝟏𝟏

𝐡𝟏𝟓

−𝐡𝟎

−𝐡𝟒

−𝐡𝟖

−𝐡𝟏𝟐

−𝐡𝟏

−𝐡𝟓

−𝐡𝟗

−𝐡𝟏𝟑

𝐡𝟏𝟏

𝐡𝟏𝟓

−𝐡𝟐

−𝐡𝟔

−𝐡𝟏𝟎

−𝐡𝟏𝟒

𝐡𝟏

𝐡𝟓

𝐡𝟗

𝐡𝟏𝟑

−𝐡𝟎

−𝐡𝟒

−𝐡𝟖

−𝐡𝟏𝟐]
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

.         (47) 

 

   Then, the received signals can representation as: 

 

[

𝐫𝟎
𝐫𝟏

⋮
𝐫𝟑𝟏

] =
𝟏

√𝟖
[
𝐀𝟏𝟔×𝟒

− − −
𝐀𝟏𝟔×𝟒

∗
] ∗ [

𝐬𝟎
𝐬𝟏
𝐬𝟐

𝐬𝟑

] + [

𝐧𝟎
𝐧𝟏

⋮
𝐧𝟑𝟏

].    (48) 

 

 

   And, the received signals before the decision maker (R) 

can be written as: 

 

𝐑 = 𝐡𝐇 ∗ 𝐫,   (49) 

 

𝐑 = 𝐡𝐇 ∗ (𝐡 ∗ 𝐬 + 𝐧),  (50) 

 

where, 
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𝐡𝐇 = (𝐡∗)𝐓.      (51) 

 

    Then, 

[

𝐑𝟎

𝐑𝟏

𝐑𝟐

𝐑𝟑

]

𝟒×𝟏

= [

𝛂 𝟎 𝟎 𝟎
𝟎 𝛂 𝟎 𝟎
𝟎
𝟎

𝟎
𝟎

𝛂 𝟎
𝟎 𝛂

]

𝟒×𝟒

∗  [

𝐬𝟎
𝐬𝟏
𝐬𝟐

𝐬𝟑

]

𝟒×𝟏

+ [

𝐍𝟎

𝐍𝟏

𝐍𝟐

𝐍𝟑

]

𝟒×𝟏

 (52) 

 

Where: 

𝐑𝟎 = 𝛂 ∗ 𝐬𝟎 + 𝐍𝟎                   (53) 

𝐑𝟏 = 𝛂 ∗ 𝐬𝟏 + 𝐍𝟏                 (54) 

𝐑𝟐 = 𝛂 ∗ 𝐬𝟐 + 𝐍𝟐                 (55) 

𝐑𝟑 = 𝛂 ∗ 𝐬𝟑 + 𝐍𝟑                 (56) 

 

   Where α is the channel gain, and N is the noise term. 

𝛂 = 𝟐 ∗ (𝛂𝟎
𝟐 + 𝛂𝟏

𝟐 … 𝛂𝟏𝟔
𝟐 )              (57) 

 

   Then, the 𝐬𝟎
^  is the estimated signal of ( 𝐬𝟎 ) after the 

decision maker: 

𝐬𝟎
^ = {

𝟏       𝐢𝐟 𝐑𝟎 > 𝐕𝐭

𝟎       𝐢𝐟 𝐑𝟎 ≤ 𝐕𝐭
}             (58) 

 

   The 𝐬𝟏
^ is the estimated signal of (𝐬𝟏) after the decision 

maker:  

𝐬𝟏
^ = {

𝟏       𝐢𝐟 𝐑𝟏 > 𝐕𝐭

𝟎       𝐢𝐟 𝐑𝟏 ≤ 𝐕𝐭
}            (59) 

 

   The 𝐬𝟐
^ is the estimated signal of (𝐬𝟐) after the decision 

maker: 

𝐬𝟐
^ = {

𝟏       𝐢𝐟 𝐑𝟐 > 𝐕𝐭

𝟎       𝐢𝐟 𝐑𝟐 ≤ 𝐕𝐭
}            (60) 

 

    The 𝐬𝟑
^ is the estimated signal of (𝐬𝟑) after the decision 

maker: 

𝐬𝟑
^ = {

𝟏       𝐢𝐟 𝐑𝟑 > 𝐕𝐭

𝟎       𝐢𝐟 𝐑𝟑 ≤ 𝐕𝐭
}            (61) 

 

    In next section, the simulation result MIMO (4*1, 2, 3, 4) 

based on OSTBC with QPSK and AWGN and flat fading 

channels will be drawn. 

 

VI. SIMULATION RESULTS 

A. BER performance  of MIMO (4*1, 2, 3, 4) wireless 

system based on OSTBC and AWGN channel  

     In this simulation, BER performance of MIMO (4*1, 2, 

3, 4) wireless communication systems over AWGN 

channels is compared. MIMO wireless communication 

system consists of four antennas at the transmitter side and 

one, two, three and four antennas at the receiver side. QPSK 

digital modulation scheme is exploited in all schemes. 

Additionally, to normalized the power, the transmitted 

symbols are scaled by 1 √2𝑁⁄ , where N is number of 

transmitted symbols per time slots (N=4). The normalized 

simulation results of BER performance of MIMO systems is 

verified from equations (18), (21), (24) and (27). 

 

 

 
 

Fig. (4): Performance of BER vs SNR for MISO (4*1, 2, 3, 4) wireless 

system based on OSTBC and AWGN channel. 

    Figure (4) depicts the BER performance of MIMO (4*1, 2, 

3, 4) over AWGN channel. All schemes are modulated by 

QPSK digital modulation scheme. The comparison of the 

BER performance confirms that the MIMO (4*4) wireless 

communication system with four transmit antennas and four 

receive antennas has the best BER performance. Whereas, 

MIMO (4*1) wireless communication system with four 

transmit antennas and one receive antenna has the worst 

BER performance. For example, at 10-5 BER reference, 

MIMO (4*1) system with one receive antennas needs 

approximately 9.5 dB, whereas MIMO (4*2) system with 

two receive antenna needs about 7 dB, MIMO (4*3) system 

with three receive antennas needs approximately 5 dB, and 

MIMO (4*4) with four receive antennas needs just about 3 

dB. 

 

B. BER performance  of MIMO (4*1, 2, 3, 4) wireless 

system based on OSTBC and flat fading channel  
    In this simulation, BER performance of MIMO (4*1, 2, 3, 

4) wireless communication systems over flat fading 

channels is compared. MIMO wireless communication 

system consists of four antennas at the transmitter side and 

one, two, three and four antennas at the receiver side. QPSK 

digital modulation scheme is exploited in all schemes. 

Additionally, to normalized the power, the transmitted 

symbols are scaled by 1 √2𝑁⁄ , where N is number of 

transmitted symbols per time slots (N=4). Moreover, it is 

assumed that the channel state information (CSI) is perfectly 

known at the receiver side. Then, the normalized simulation 
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results of BER performance of MIMO systems is verified 

from equations (53), (54), (55) and (56). 

 

 
Fig. (5): Performance of BER vs SNR for MISO (4*1, 2, 3, 4) wireless 

system based on OSTBC and flat fading channel. 

   Figure (4) depicts the BER performance of MIMO (4*1, 2, 

3, 4) over flat fading channel. All schemes are modulated by 

QPSK digital modulation scheme. The comparison of the 

BER performance confirms that the MIMO (4*4) wireless 

communication system with four transmit antennas and four 

receive antennas has the best BER performance. Whereas, 

MIMO (4*1) wireless communication system with four 

transmit antennas and one receive antenna has the worst 

BER performance. For example, at 10-5 BER reference, 

MIMO (4*1) system with one receive antennas needs 

approximately 13 dB, whereas MIMO (4*2) system with two 

receive antenna needs about 6.5 dB, MIMO (4*3) system 

with three receive antennas needs approximately 3.5 dB, and 

MIMO (4*4) with four receive antennas needs just about 2 

dB.  

VII. CONCLUSION 

In this paper, a simulation of BER performance of 

MIMO wireless communication system based on OSTBC 

and four transmit antennas and with one, two, three and four 

receive antennas at the receiver side, were compared. In 

addition, the power of four transmitted antennas was 

normalized by scaled factor. However, MIMO consists of 

four transmit antennas and four receive antennas had the 

best BER performance. However, this system had half 

coding rate. Therefore, improving coding rate beside 

maximum diversity gain is a subject of our ongoing study.  
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