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Abstract—This paper presents bit error rate (BER) performance 

analysis of multiple input multiple output (MIMO) wireless 

communication systems with three 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 

OSTBC at the transmit side. In addition, maximum ratio combiner 

(MRC) is used at the receive side. As a result of using OSTBC at 

the transmitter, full spatial diversity gain and three quarter coding 

rate are achieved. This paper presents the BER performance of 

three by four MIMO system compared with conventional wireless 

single input single output (SISO) and multiple input single output 

(MISO) system, with Quadrature Phase Shift Keying (QPSK) 

modulation scheme, simulation results presented using MATLAB. 

 

Keywords—three by four MIMO, OSTBC, BER performance, 

AWGN channel, Flat fading channel.  

I. INTRODUCTION  

The increase of reliability for wireless communications is 

desirable to make more sharing of data with less probability 

of error. The one of common ways is using multiple antenna 

technique. 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. To 

achieve transmit diversity, space time block coding (STBC) 

has received considerable attention in academic and 

industrial circles due to its many advantages. First, it 

improves the downlink performance without the need for 

multiple receive antennas at the terminals. Second, it can be 

elegantly combined with channel coding, realizing a coding 

gain in addition to the spatial diversity gain. Third, it does 

not require channel state information (CSI) at the transmitter, 

i.e. it operates in open-loop mode, thus eliminating the need 

for an expensive and, in the case of rapid channel fading, 

unreliable reverse link [1].  

Alamouti invented a simple space–time block coding 

scheme for wireless communications with two transmit 

antennas, the scheme may easily be generalized to two 

transmit antennas and M receive antennas to provide a 

diversity order of 2M [2]. This scheme supports maximum 

likelihood (ML) detection based only on linear processing at 

the receiver. Due to the very simple structure and linear 

processing of the Alamouti construction, it is currently 

exploited in many up-to-date standards such as W-CDMA, 

CDMA-2000 [3], IEEE 802.1la and IEEE 802.16a wireless 

standards [4]. 

The essential design criteria of the space time block code 

(STBC) is to provide full transmit diversity gain and the full 

rate of the code and the delay. The degree of diversity gain is 

characterized by the number of independently decodable 

channels. MIMO wireless system exploits STBC at the 

transmitter side and MRC at the receiver side, then, the full 

diversity gain is equals the number of transmit antennas (N) 

times the number multiple receive antennas (M). The number 

of receive antennas (M) is, however, irrelevant for the design 

of STBC. The rate of the code is the number of symbols 

transmitted by the code per time period. The delay is the 

length of the STBC frame. Depending on the underlying 

modulation scheme, STBC can be divided into real and 

complex codes [5].  

However, the challenges of STBC, when increasing 

number of transmit antennas, the system lost the 

orthogonality. Therefore, the focus of this paper is to 

transmit three orthogonal STBC signals from three transmit 

antennas. Moreover, OSTBC offers simple design, simple 

decoding and give maximum diversity gain to mitigate 

fading. 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 [6]. In case of three transmit 

antennas k is number of a symbols (𝑠1, 𝑠2 and 𝑠3) and equals 

3 and t is number of time slots and equals 4. Then the code 

rat is equal to ¾. Although the diversity gains when the 

number of antennas is more than two allow to decreasing the 

fading, but it reduce the code rate. In this paper we present 
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the complex orthogonal STBC for three transmit antennas 

and M receive antennas based on MRC technique to achieve 

full spatial diversity gain and three quarter code rate. 

 

A. The focus of this paper 

BER is a common measure performance for wired and 

wireless communication systems. Therefore, the focus of this 

paper is to compare the BER performance of SISO with 

MISO using three transmit antennas at the transmitter side 

and one receive antenna at the receiver side (3Tx, 1Rx), and 

MIMO system using three transmit antennas at the transmit 

side and two, and four receive antennas at the receive side 

(3Tx, 2Rx and 4Rx). 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. Moreover, simple transmission 

models and analysis is presented over AWGN and flat fading 

channels. 

 

B. Organization of this paper 

The outline of this paper is organized as follows. In 

Section II system model of three transmit antennas and four 

receive antennas for AWGN channel will be presented. In 

Section III system model of three transmit antennas and four 

receive antennas over Flat fading channel will be presented. 

Section IV simulation results is discussed. Section V is the 

conclusion. 

C. Common notations 

 Common notations that have been used in this paper are 

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

Hermetian transpose operations. 

II. MIMO (3Tx, 4Rx) Wireless System Model Based on 

OSTBC and over AWGN Channel 
  

In this system the signal sending from three transmit 
antennas and received from four antennas at the receiver 
side. The channel coefficient is assumed to be one ℎ = 1  
because the wireless channel model is based on line-of-sight 
(LOS) as in fig. 1.  

Design of transmission matrix depends on the 
orthogonality of the transmission matrix at the transmitter. 
In this case, we choose training symbols for each antenna, 
such that they are orthogonal to each other, as in 
transmission matrix B, which assumed to be complex 
orthogonal. 

 

B = [ 

𝑠1     𝑠2      𝑠3 

 ̵𝑠2
∗  𝑠1

∗   0   
𝑠3
∗  0     ̵𝑠1

∗

0      𝑠3
∗   ̵𝑠2

∗

]   

 

 

 

 
Fig. 1.  System block diagram of AWGN channel for three transmit 

antennas and four receive antennas. 
 

Figure. 1 shows Schematic diagram of system model of 

MIMO （3Tx， 4Rx）wireless communication system over 

AWGN channel ， where the effective noise is just the 

additive the encoding is done in orthogonal space and time. 

The encoding, however, may also be done in space and 

frequency [2]. This is done in transmission matrix B which 

defines the function of OSTBC encoder. The minimum 

distance between each neighbour antennas is considered as  

𝑑𝑚𝑖𝑛 = 𝜆/2.  

The transmission process is done in four time slots. In the 

first time slot, the three signals 𝑠1 ,  𝑠2  and  𝑠3  are 

simultaneously transmitted from the three antennas 𝑇𝑥1, 𝑇𝑥2 

and 𝑇𝑥3. In the second time slot two signals  ( ̵𝑠2
∗) and 𝑠1

∗ 

are transmitted from antennas 𝑇𝑥1 and 𝑇𝑥2. In the third time 

slot two signals are transmitted 𝑠3
∗ and ( ̵𝑠1

∗) from antennas 

𝑇𝑥1  and 𝑇𝑥3 . In the fourth time slot two signals are 

transmitted 𝑠3
∗  and (  ̵𝑠2

∗ ) from antennas 𝑇𝑥2  and  𝑇𝑥3 . 

Consequently, the encoding and transmission sequence is 

illustrated in Table I. In Table I, the columns presents a 

transmit antennas (𝑻𝒙𝒏=1,2,3) and the rows presents a time 

slots (𝒕𝒔=1,2,3,4). 
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TABLE I.  THE ENCODING OF EACH TIME SLOT FOR THREE TRANSMIT 

ANTENNAS 

 𝑻𝒙𝟏 𝑻𝒙𝟐 𝑻𝒙𝟑 

𝒕𝟏 
 𝑠1 𝑠2    𝑠3 

𝒕𝟐 
 ̵𝑠2

∗ 𝑠1
∗ 0 

𝒕𝟑 
𝑠3
∗ 0 ̵𝑠1

∗ 

𝒕𝟒 
0 𝑠3

∗ ̵𝑠2
∗ 

 

Then, the received signal can be represented as: 

 𝑟𝑖 = 𝑠𝑏 + 𝑛𝑖,                                                           (1) 

where 𝑠𝑏  is the transmitted symbols from antenna  𝑻𝒙𝒏 

during time slot 𝒕𝒔, 𝑖 is the number of received signals and 

the additive noise which represents by channel gain equal 

one, respectively. Therefore, there is no effect of channel 

gain, and 𝑛𝑖 is added at the receive side.  

Then, the received signals at a receiver side can be 

written according to the Figure (1) as 

𝑟1 = 𝑠1 + 𝑠2 + 𝑠3 + 𝑛1     , 𝑟2 = 𝑠1 + 𝑠2 + 𝑠3 + 𝑛2    

𝑟3 = 𝑠1 + 𝑠2 + 𝑠3 + 𝑛3     , 𝑟4 = 𝑠1 + 𝑠2 + 𝑠3 + 𝑛4    

𝑟5
∗ = 𝑠1 − 𝑠2 + 𝑛5

∗          , 𝑟6
∗ = 𝑠1 − 𝑠2 + 𝑛6

∗ 

𝑟7
∗ = 𝑠1 − 𝑠2 + 𝑛7

∗          , 𝑟8
∗ = 𝑠1 − 𝑠2 + 𝑛8

∗ 

𝑟9
∗ = −𝑠1 + 𝑠3 + 𝑛9

∗       , 𝑟10
∗ = −𝑠1 + 𝑠3 + 𝑛10

∗ 

𝑟11
∗ = −𝑠1 + 𝑠3 + 𝑛11

∗    , 𝑟12
∗ = −𝑠1 + 𝑠3 + 𝑛12

∗   

𝑟13
∗ = −𝑠2 + 𝑠3 + 𝑛13

∗    , 𝑟14
∗ = −𝑠2 + 𝑠3 + 𝑛14

∗ 

𝑟15
∗ = −𝑠2 + 𝑠3 + 𝑛15

∗    , 𝑟16
∗ = −𝑠2 + 𝑠3 + 𝑛16

∗    

  

 Next, the combining above received signals into 𝑅𝑡𝑠 term 

according to its time slot ( 𝑡𝑠=1,2,3,4  ), will be as done as 

follows: 

𝑅𝑡1 = ∑ (𝑟𝑖)
4
𝑖=1     ,   𝑅𝑡2 = ∑ (𝑟𝑖

∗)8
𝑖=5    ,   𝑅𝑡3 = ∑ (𝑟𝑖

∗)12
𝑖=9    

and 𝑅𝑡4 = ∑ (𝑟𝑖
∗)16

𝑖=13     

 Then, the estimated received signals �̃�1 , �̃�2 and �̃�3 can be 

expressed as follows 

�̃�1 = 𝑅𝑡1 + 𝑅𝑡2 − 𝑅𝑡3 

�̃�2 = 𝑅𝑡1 − 𝑅𝑡2 −𝑅𝑡4 

�̃�3 = 𝑅𝑡1 + 𝑅𝑡3 +𝑅𝑡4  

 From above equations we note that, simple way to 

recovery the desired signal and cancellation the others, then a 

signal passing through threshold value (𝑉𝑡 ) in decision 

device, in order to compare the signal.  

 

�̂�𝒊 = {
�̃�𝑖 > 𝑉𝑡 → +1
�̃�𝑖 ≤ 𝑉𝑡 → −1

                                                 (4) 

 

 Although AWGN channel better performance than the 

other channels, it is not practical in mobility and dynamic 

terminals but is still included in many practical wireless 

communication applications, where it is based on line-of-

sight (LOS) radio channels. For example, fixed terrestrial 

microwave links and satellite communication systems, 

because that applications usually depends on fixed terminals 

[8]. The system model of three by four MIMO based on 

OSTBC with QPSK and over flat fading channel will be 

presented next. 

III. MIMO (3Tx, 4Rx) Wireless System Model Based on 

OSTBC and over Flat Fading Channel 

In Flat fading channel, the system block diagram has 

been built as shown in Fig. 2  

 
Fig. 2.  System block diagram of Flat fading channel for three transmit 

antennas and four receive antennas. 

 Figure. 2 shows model of Flat fading channel. This 

means the multipath channel has only one path [9], where the 

path between transmitter and receiver is not line of sight 

(LOS), but a fading is presented as quasi static and flat. The 

Encoding and Transmission Sequence also illustrated in 



64 
ICTS24632019-CM1030 

 

Table I. In table II the channels are defined between 

transmitter and receiver that mean a channel is fixed during 

time slots which called quasi static channel, and the 

coefficient ℎ𝑐 is the fading coefficient between transmit and 

receive antenna. The analysis of three by four MIMO based 

on OSTBC with QPSK and over flat fading channel will be 

offered next. 

The received signals at a receiver side can be written 

according to the Fig. 2.  

 𝑟𝑖 = 𝑠𝑏ℎ𝑐 + 𝑛𝑖.     𝑖 = 1,…,16    and 𝑐 = 1,…,12            

𝑐 is the number of the channels of channel gain ℎ𝑐.   

TABLE II.  THE CHANNELS BETWEEN THE  TRANSMIT AND RECEIVE 

ANTENNAS 

 𝑻𝒙𝟏 𝑻𝒙𝟐 𝑻𝒙𝟑 

𝑹𝒙𝟏 
 ℎ1 ℎ2    ℎ3 

𝑹𝒙𝟐 
 ℎ4  ℎ5  ℎ6 

𝑹𝒙𝟑 
 ℎ7  ℎ8  ℎ9 

𝑹𝒙𝟒 
 ℎ10  ℎ11  ℎ12 

 

  Expanding (5), then received signals can be 

expressed as follows: 

𝑟1 = 𝑠1ℎ1 + 𝑠2ℎ2 + 𝑠3ℎ3 + 𝑛1 

𝑟2 = 𝑠1ℎ4 + 𝑠2ℎ5 + 𝑠3ℎ6 + 𝑛2 

𝑟3 = 𝑠1ℎ7 + 𝑠2ℎ8 + 𝑠3ℎ9 + 𝑛3 

𝑟4 = 𝑠1ℎ10 + 𝑠2ℎ11 + 𝑠3ℎ12 + 𝑛4 

𝑟5
∗ = 𝑠1ℎ2

∗ − 𝑠2ℎ1
∗ + 𝑛5

∗ 

𝑟6
∗ = 𝑠1ℎ5

∗ − 𝑠2ℎ4
∗ + 𝑛6

∗ 

𝑟7
∗ = 𝑠1ℎ8

∗ − 𝑠2ℎ7
∗ + 𝑛7

∗ 

𝑟8
∗ = 𝑠1ℎ11

∗ − 𝑠2ℎ10
∗ + 𝑛8

∗ 

𝑟9
∗ = −𝑠1ℎ3

∗ + 𝑠3ℎ1
∗ + 𝑛9

∗ 

𝑟10
∗ = −𝑠1ℎ6

∗ + 𝑠3ℎ4
∗ + 𝑛10

∗ 

𝑟11
∗ = −𝑠1ℎ9

∗ + 𝑠3ℎ7
∗ + 𝑛11

∗ 

𝑟12
∗ = −𝑠1ℎ12

∗ + 𝑠3ℎ10
∗ + 𝑛12

∗ 

𝑟13
∗ = −𝑠2ℎ3

∗ + 𝑠3ℎ2
∗ + 𝑛13

∗ 

𝑟14
∗ = −𝑠2ℎ6

∗ + 𝑠3ℎ5
∗ + 𝑛14

∗ 

𝑟15
∗ = −𝑠2ℎ9

∗ + 𝑠3ℎ8
∗ + 𝑛15

∗ 

𝑟16
∗ = −𝑠2ℎ12

∗ + 𝑠3ℎ11
∗ + 𝑛16

∗                            (6) 

The received signals can be expressed in matrix form as 

[

𝑠1
𝑠2
𝑠3
]                                            (7) 

The combining received signals in (6) into 𝑇𝑡𝑠  term 

according to its time slot ( 𝑡𝑠=1,2,3,4  ), then will be as a 

following: 

𝑇𝑡1 = [

𝑟1
𝑟2
𝑟3
𝑟4

]  , 𝑇𝑡2 = [

𝑟5
∗

𝑟6
∗

𝑟7
∗

𝑟8
∗

]  , 𝑇𝑡3 = [

𝑟9
∗

𝑟10
∗

𝑟11
∗

𝑟12
∗

]  ,  𝑇𝑡4 = [

𝑟13
∗

𝑟14
∗

𝑟15
∗

𝑟16
∗

] 

    Then, all of received signals are  𝒓 = [

𝑇𝑡1
𝑇𝑡2
𝑇𝑡3
𝑇𝑡4

]                  (8) 

The channels in each received signals according to its 

time slot  ( 𝑡𝑠=1,2,3,4 ) into ℎ𝑟𝑛 term: 

ℎ𝑡1 = [

ℎ1    ℎ2    ℎ3
ℎ4    ℎ5    ℎ6
ℎ7    ℎ8    ℎ9
ℎ10 ℎ11 ℎ12

]  ,     ℎ𝑡2 =

[
 
 
 
 
ℎ2
∗  ̵ℎ1

∗  0

ℎ5
∗  ̵ℎ4

∗  0

ℎ8
∗  ̵ℎ7

∗  0

ℎ11
∗  ̵ℎ10

∗ 0 ]
 
 
 
 

    

ℎ𝑡3 =

[
 
 
 
 
 ̵ℎ3

∗  0    ℎ1
∗

  ̵ℎ6
∗  0    ℎ4

∗

  ̵ℎ9
∗  0    ℎ7

∗

  ̵ℎ12
∗ 0  ℎ10

∗]
 
 
 
 

   ,  ℎ𝑡4 =

[
 
 
 
 
0      ̵ℎ3

∗ ℎ2
∗

0      ̵ℎ6
∗ ℎ5

∗

0      ̵ℎ9
∗ ℎ8

∗

  0     ̵ℎ12
∗ ℎ11

∗]
 
 
 
 

 

𝑯 = [

ℎ𝑡1
ℎ𝑡2
ℎ𝑡3
ℎ𝑡4

]                                                  (9) 

The channel state information (CSI) H is assumed to be 

known perfectly at the receiver.   

The AWGN in each received signals according to its time 

slot ( 𝑡𝑠=1,2,3,4 ) into 𝑛𝑡𝑠 term: 

𝑛𝑡1 = [

𝑛1
𝑛2
𝑛3
𝑛4

]  ,  𝑛𝑡2 = [

𝑛5
∗

𝑛6
∗

𝑛7
∗

𝑛8
∗

]  ,  𝑛𝑡3 = [

𝑛9
∗

𝑛10
∗

𝑛11
∗

𝑛12
∗

]  ,  𝑛𝑡4 = [

𝑛13
∗

𝑛14
∗

𝑛15
∗

𝑛16
∗

] 

𝒏 = [

𝑛𝑡1
𝑛𝑡2
𝑛𝑡3
𝑛𝑡4

]                                                 (10) 

 Then we can simply express the received signals (8) by 

collecting (6) and using (7), (9) and (10) we get vector 𝒓. 

𝒓 =  𝑯 [

𝑠1
𝑠2
𝑠3
] +  𝒏                                                              (11) 

   The estimated received signals can be expressed as  
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[
�̃�1
�̃�2
�̃�3

] =  𝑯𝐻𝒓.                                                     (12)                        

 Since  𝑯𝐻𝑯
𝑦𝑖𝑒𝑙𝑑𝑠
→   ∆= [

𝜶 0 0
0 𝜶 0
0 0 𝜶

] ,  𝜶 = ∑ ‖ℎ𝑐‖
𝟐𝟏𝟐

𝒄 . 

Then,    [
�̃�1
�̃�2
�̃�3

] = ∆ [

𝑠1
𝑠2
𝑠3
] + 𝑯𝐻𝒏 .                                       (13) 

where  ∆ [

𝑠1
𝑠2
𝑠3
] is the signal term and 𝑯𝐻𝒏 is the noise term. 

The final step, after the combiner, is comparing the 

estimated signals with threshold value (𝑉𝑡)  in decision 

device. 

�̂�𝒊 = {
�̃�𝑖 > 𝑉𝑡 → +1
�̃�𝑖 ≤ 𝑉𝑡 → −1

                                            (14) 

Flat fading channel is more practical in faded 

environments which does not depend on LOS mode. It 

makes much more easily to converts convolution operation 

to a simple multiplication [9]. Then, the simulation result 

SISO and MIMO based on OSTBC with QPSK and over 

AWGN and flat fading channels will be drawn next. 

IV. SIMULATION RESULTS 

In this section, the performance of the related analysis is 
simulated by MATLAB program.  

A. BER Performance of SISO MISO (3Tx, 1Rx) and MIMO 

(3Tx, 2Rx and 4Rx) over AWGN channel. 

In this simulation, BER performance of SISO and 

MIMO wireless communication systems over AWGN 

channels are compared. MIMO wireless communication 

system consists of three antennas at the transmit side, and 

the receive side has two and four antennas. QPSK digital 

modulation scheme is exploited in each scheme. 

Additionally, in each scheme, the results of simulation of 

BER performance of MIMO (3Tx, 4Rx) systems is verified 

from equation (3) and (4). 

 

Fig. 3.  Performance of BER vs Eb/No for SISO, MISO (3Tx,1Rx) and 
MIMO (3Tx, 2Rx and 4Rx) over AWGN channel. 

Figure. 3 shows the BER performance of system model 

of SISO (1Tx, 1Rx), MISO (3Tx, 1Rx) and MIMO (3Tx, 2 

and 4Rx) over AWGN channel. All schemes are modulated 

by QPSK modulation scheme. The comparison of the BER 

performance confirms that the MIMO (3Tx, 4Rx) has the 

best BER performance. Whereas, the SISO (1Tx, 1Rx) 

scheme has the worst BER performance. For example, at 10-6 

BER reference, SISO needs approximately 10.5 dB, whereas 

MIMO system with one receive antenna needs about 5.9 dB, 

MIMO with two receive antennas needs about 2.5 dB, and 

MIMO with four receive antennas needs just about 0.2 dB.  

 

B. BER Performance of SISO MISO (3Tx, 1Rx) and MIMO 

(3Tx, 2Rx and 4Rx) over Flat fading channel. 

In this simulation, BER performance of SISO MISO and 

MIMO wireless communication systems over flat fading 

channels are compared. MIMO wireless communication 

system consists of three antennas at the transmit side, and 

the receive side has two and four antennas. QPSK digital 

modulation scheme is exploited in each schemes. 

Additionally, quasi static flat fading channel is exploited in 

simulation of BER performance. Moreover, it is assumed 

that CSI perfectly known at the receiver. The results of 

simulation of BER performance of MIMO systems is 

verified from equation (13) and (14). 
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Fig. 4.  Performance of BER vs Eb/No for SISO, MISO (3Tx,1Rx) and 
MIMO (3Tx, 2Rx and 4Rx) over Flat fading channel. 

 Figure. 4 depicts the BER performance of system model of 

SISO, MISO (3Tx, 1Rx) and MIMO (3Tx, 2Rx and 4Rx) 

over flat fading channel. All schemes are modulated by 

QPSK modulation scheme. Also, in this performance, the 

SISO scheme has the worst BER performance, whereas, 

MIMO system with three transmit antennas and four receive 

antennas has the best BER performance. For example, at 10-6 

BER reference, SISO needs more than 45 dB, whereas MISO 

system with one receive antenna needs about 19 dB, MIMO 

with two receive antennas needs about 9 dB and MIMO with 

four receive antennas needs about 2.5 dB.  

The Power requirements of AWGN and Flat fading model 

in this simulations are assumed that each antenna has 

independent power, which means the power of each transmit 

antenna is the same of single transmit antenna in SISO 

model, this assumption allow more decreasing in BER, and 

to be more economically, the power can be divided into 

number of transmitted symbols. 

V. CONCLUSION 

In this paper, a simulation of BER performance of SISO 

and MIMO wireless communication system were compared. 

MIMO consists of three transmit antennas based on OSTBC 

and the receiver contains two, and four receive antennas, 

and they are based on MRC technique over AWGN and flat 

fading channels. Three by four MIMO system exploited full 

diversity gain, therefore, it had the best improvement of 

BER performance. However, this system had three quarter 

coding rate. If the MIMO wireless system improves coding 

rate beside the full diversity gain, will be a crucial goal to 

achieve. Therefore, improving coding rate beside maximum 

diversity gain is a subject of our ongoing study.  

 

 

 

 

ACKNOWLEDGMENT 

   The authors wish to thank The Collage of Electronic 

Technology-Baniwalid/Libya for its role in supporting their 

research program. 

REFERENCES 

[1] E. Biglieri, R. Calderbank, A. Constantinides, A. Goldsmith, A. 

Paulraj, and H. V. Poor,“MIMO Wireless Communications”, 

Cambridge University Press, USA, New York, 2007. 

[2] S. M. Alamouti, “A simple transmit diversity technique for wireless  

communications,” IEEE J. Sel. Areas Commun., vol. 16, no. 8, pp.  

1451–1458, Oct. 1998. 

[3] David Gesbert, Mansoor Shafi, Da-shan Shiu, Peter J. Smith, and 

Ayman Naguib, “From Theory to Practice: An Overview of MIMO 

Space–Time Coded Wireless Systems”, IEEE journal on selected  

areas in communications, vol. 21, no. 3, April 2003. 

[4] John R. Barry, Edward A. Lee, and David G, “Digital 

Communication”, springer science+business Media New York, 3rd 

edition, 2004. 

[5] O. Tirkkonen, A. Hottinen, “Square-Matrix Embeddable Space-Time 

Block Codes for Complex Signal Constellations”, IEEE Trans. on 

Information Theory, vol.48, no.2,pp.384-395, February 2002. 

[6] Erik G. Larsson, Petre Stoica , “Space-Time Block Coding for 

Wireless Communications”, Cambridge University Press, 2008. 

[7] H. Jafarkhani, “Space-Time Coding: Theory and Practice”, 

Cambridge University Press, 2005. 

[8] Xiong Fuqin. Digital Modulation Techniques. Artech House, Inc. 

2006. 

[9] Nguyen Trung Hieu and et al, “Design and Implementation of 

MIMO-STBC Systems on FPGA Hardware”, Proc. of ICACC 

conference, pp. 271-277, Oct. 2012.  

0 5 10 15 20 25 30 35 40 45
10

-6

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

Eb/No(dB)

B
E

R

 

 
Flat fading with QPSK

1Tx,1Rx

3Tx,1Rx

3Tx,2Rx

3Tx,4Rx


