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 Chapter Four  

Simulation and Discuss 

4.1 Introduction 

In this chapter the recorded results are expressed as visualized 

using MATLAB functions and properties, generally there are two 

comparisons which between the constellations of 16QAM and rotated 

QPSK, in each one two antenna configurations are used which are 4x1 

and 4x4 antenna configuration that can applies ML pair wise decoding. 

Finally these two schemes are compared with the proposed method which 

states that using the beamforming technique with the QOSTBC and also 

with the rotated QPSK constellation.  

4.2   Simulation description: 

The general idea is to make a simple system that generates random data 

or symbols, then modulate these symbols then coding with QOSTBC and 

add the beamforming weights, then pass this constructed data over a 

fading channel then add the AWGN at the receiver side, then detect, 

decode and demodulate these constructed data to recover the firstly 

transmitted data, and finally calculate the BER if there is error existence. 

This procedure is repeated over two loops. First for a number of iteration 

which is firstly set as     and     with SNR over 20 dB, this iteration 

can be assumed as the sampling frequency. Secondly for the various SNR 

values which are set as 0,5,10,…,35 dB. 
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Table (4.1): Simulation parameters 

Parameters Value 

Sampling frequency (No. of 

iteration) 

    for 0-20 dB, and     for higher 

SNR. 

No. of Tx and Rx 4,1 

SNR values 0,5,10,15,…,35 dB 

Modulation  16QAM, rotated QPSK. 

 

4.3   Channel capacity: 

 

Figure (4.1): channel capacity for different antenna configuration 

As mentioned before in chapter three the calculation of channel capacity 

in MIMO systems is a basic procedure for working with MIMO relatives, 

so the figure (4.1) below shows a comparison of ergodic channel capacity 

for different antenna configuration in terms of throughput versus SNR the 
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results shows that the 4x4 and 2x2 has the best performance in term of 

throughput specially on higher SNR values, that means when the number 

of transmitters equals the number of receivers higher data rate is 

achievable, but may be with the cost of data reliability or BER. 

4.4 QOSTBC with 16QAM constellation: 

 

Figure (4.2): BER of QOSTBC with 16QAM 

Figure (4.2) shows the BER of QOSTBC using 16QAM for the two 

different antenna configurations, the results shows that 4x4 configuration 

has lower and shorter BER curves which denotes a good performance 

compared with the 4x1 antenna configuration, but both has starting BER 

of higher that      which is not acceptable in data transmission 

reliability. In 4x4 case the error eliminated with higher SNR exactly in 15 

dB the error doesn‟t occurs below this SNR value, and in case of 4x1 the 

error still exist until the maximum value of SNR as set to 35 dB. 
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 Figure (4.1): flowchart of QOSTBC 
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4.5  QOSTBC with rotated QPSK:  

 

Figure (4.3): BER of QOSTBC with rotated QPSK 

As mentioned before the rotation technique here is used to achieve full 

diversity so it should also introduce better performance in case of BER, in 

figure (4.3) below the BER of rotated QPSK of QOSTBC is illustrated 

and generally as before in case of 16QAM it‟s obvious that the 4x4 

configuration has the advantages over one receiver antenna configuration, 

but here in case of 4x1 the error is eliminated with 20 dB SNR value, and 

for 4x4 when the SNR is approximately 5 dB there is no more errors 

occurs, and this improve the performance of QOSTBC BER for rotated 

QPSK over the 16QAM as it can be clear in figure (4.4).  

 

 

 

 

 

 



36 
 

4.6 QOSTC With 16QAM vs Rotated QPSK: 

 

 

Figure (4.4): BER of QOSTBC for 16QAM vs rotated QPSK 

Figure (4.4) shows the cross comparison between the QOSTBC with 

16QAM and rotated QPSK constellation, and here we increase the 

number of iterations which meant by the sampling frequency from 

           and to       in higher SNR value to achieve a fair 

comparison, and it‟s clear that QOSTBC with rotated QPSK has the 

advantage over using 16QAM, and also it‟s introduce a reasonable BER 

which is less than      in case of 4x4 antenna configuration. 
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4.7 QOSTBC with proposed beamforming scheme:

 

Figure (4.5): BER comparison for QOSTBC with proposed 

beamforming schemes 

Finally the proposed scheme results are compared with the previously 

mentioned systems the QOSTBC with 16QAM and rotated QPSK, and as 

expected the beamforming scheme introduced better performance over 

other ones, instead of that the beamforming scheme proposed is only for 

4x1 and it‟s harder for implementation with 4x4, but it achieves a 

minimum starting BER value of     , and this can be shown below in 

figure (4.5) 
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Chapter Five 

Conclusion and Recommendations 

 

5.1   Conclusion: 

Demand for capacity in wireless communication systems has been rapidly 

growing worldwide. This has been driven by the increasing data rate 

requirements of wireless communication systems, and increasing demand 

for wireless Internet and multimedia services. As the available radio 

spectrum is limited, higher data rates can only be achieved by designing 

more efficient signaling techniques. 

To improve spectral efficiency for future high data rate transmissions, it 

is desirable to construct Q OSTBCs with high order signal constellations. 

However, the design of QOSTBC increasing exponentially with 

constellation size and  the number of transmit antennas. 

This Work improve STBC reliability and data rates, we have derived 

Symbol Error Rate of Q OSTBC with 16 QAM and rotated QPSK versus 

SNR over Rayleigh fading channel. And we have obtained the numerical 

results by numerical integral that agree with the simulation results 

In transmit diversity and beamforming; we transmit redundant 

information on different antennas. Full diversity is achieved with code 

rate equals to 1, the code rate of four transmit antennas used in this study 

is already proven as full diversity QOSTBC, so when combined with the 

beamforming technique it can maintain better reliability and network 

efficiency which achieved by lower bit error rate, and as checked in this 

study the proposed scheme of using beamforming technique with 

QOSTBC results better performance than with pure QOSTBC schemes. 
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A rather intuitive way to increase the overall power at the receiver is to 

use multiple antennas at the receiver side. This is known as receive 

diversity. Multiple antennas can also be used at the transmitter side, in 

what is known as transmit diversity. Transmit diversity approach based 

on beamforming uses multiple transmit antennas to focus the transmitted 

power in the direction of the receiver. This can potentially increase the 

received signal power and allow for higher data rates. 

 

5.2   Recommendations: 

This study can be developed by using a Channel State Information CSI as 

a feedback in case of mobility to perform a closed loop adaptive 

beamforming QOSTBC scheme. 

 Aclass of QOSTBC  called 4Gp-QOSTBC that  can always  achieve  full  

rate  and  full diversity  for any number of transmit antennas, hence they 

can be applied  in any  system  without the need  for rate  matching may 

be tested . 
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Appendix 
 

Simulation MATLAB Code: 

 

% This program simulates the bit-error-rate (BER) performance of quasi-

orthogonal 

% space time block code (QOSTBC) 

% with L=4 and M=1 antennas over the frequency flat Rayleigh block 

fading channel 

% The costellation used: QPSK for s1 and s2. Rotated Pi/4 QPSK for s3 

and s4.   

% Such design yields to full rate code and 2 bis/sec/Hz 

clc  

close all; 

%QPSK constellation  

for modetype=2:2:4; 

for Rnum=1:3:4 

    switch modetype 

        case 2 

x_q=[1  1 -1 -1]; 

y_q=[1 -1  1 -1]; 

QPSK_s=x_q+y_q*i; 

QPSK_s=QPSK_s/sqrt(2); 

QPSK_r=QPSK_s; 
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        case 4 

x_q=[-3 -3 -3 -3   -1 -1 -1 -1  3 3 3  3    1 1 1  1  ]; 

y_q=[3  1  -3 -1    3  1 -3 -1  3 1 -3 -1   3 1 -3 -1 ]; 

QPSK_s=x_q+y_q*i; % 16QAM 

QPSK_s=QPSK_s/sqrt(10); 

%rotated Pi/2 QPSK constellation  

% x_r=[0         sqrt(2)  -sqrt(2)  0]; 

% y_r=[sqrt(2)   0        0       -sqrt(2)]; 

QPSK_r=QPSK_s; 

% QPSK_r=QPSK_r/sqrt(2); 

    end; 

Es=4; %average constellation energy for d=2; 

% index=1; 

%  BER1=zeros(1,8); 

%  BER2=zeros(1,8); 

%  

% for Rnum=1:3:4 

  index=1; 

for SNR=0:3:33 

%number of bit errors set to zero 

count=0; 

%number of iterations 

N=10000; 
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 if SNR>=20  

     N=2*10^4;   

 end; % increase for higher SNR 

for it=1:N 

%generate 8 bits uniformly distributed  

switch modetype 

    case 2 

       A=round(rand(1,8)); 

% TX symbols 

% QPSK 

s1=QPSK_s(bi2de(A(1:2),'left-msb')+1); 

s2=QPSK_s(bi2de(A(3:4),'left-msb')+1); 

%rotated QPSK 

s3=QPSK_r(bi2de(A(5:6),'left-msb')+1); 

s4=QPSK_r(bi2de(A(7:8),'left-msb')+1); 

C=[s1 s2 s3 s4; -conj(s2) conj(s1) -conj(s4) conj(s3); -conj(s3) -conj(s4) 

conj(s1) conj(s2); s4 -s3 -s2 s1];  

switch Rnum 

    case 1 

%Channel fading coefficients 

K=1/sqrt(2)*(randn(4,1)+i*randn(4,1)); % normalize to the variance 1 

CN(0,1) 

%AWGN channel  

N0=(2*Es/10^(SNR/10)); 
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Z=sqrt(N0/2)*(randn(4,1)+i*randn(4,1)); % variance N0 

%RX symbols 

R=C*K+Z;  

%pair-wise ML decoding QOSTBC 

%find min s1 and s4 for different combinations 

vector_c=combvec(QPSK_r,QPSK_s).'; 

qpsk_space=vector_c(:,2); 

rotated_space=vector_c(:,1); 

%cost function f1_4 

f_1_4=(abs(qpsk_space).^2+abs(rotated_space).^2)* (sum(abs(K).^2)) + 

2*real ( (-K(1)*conj(R(1))- conj(K(2))*R(2)-conj(K(3))*R(3)-

K(4)*conj(R(4)))*qpsk_space+rotated_space*(-

K(4)*conj(R(1))+conj(K(3))*R(2)+conj(K(2))*R(3)-K(1)*conj(R(4)) )  

)+4*real( K(1)*conj(K(4))-conj(K(2))*K(3) )*real( 

qpsk_space.*conj(rotated_space));      

%find for S1 corresponding bits 

[~,I]=min(f_1_4); 

QPSK_s=vector_c(I,2); 

[~,I]=min(QPSK_s-vector_c(I,2)); 

dec_bits(1,1:2)=de2bi(I(1)-1,2,'left-msb'); 

%find for S4 corresponding bits 

[~,I]=min(f_1_4); 

[~,I]=min(QPSK_r-vector_c(I,1)); 

dec_bits(1,7:8)=de2bi(I(1)-1,2,'left-msb'); 
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%cost function f2_3 

f_2_3=(abs(qpsk_space).^2+abs(rotated_space).^2)* (sum(abs(K).^2)) + 

2*real ( (-K(2)*conj(R(1))+ conj(K(1))*R(2)-

conj(K(4))*R(3)+K(3)*conj(R(4)))*qpsk_space+rotated_space*(-

K(3)*conj(R(1))-conj(K(4))*R(2)+conj(K(1))*R(3)+K(2)*conj(R(4)) )  

)+4*real( K(2)*conj(K(3))-conj(K(1))*K(4) )*real( 

qpsk_space.*conj(rotated_space));   

%find for S2 corresponding bits 

[~,I]=min(f_2_3); 

[~,I]=min(QPSK_s-vector_c(I,2)); 

dec_bits(1,3:4)=de2bi(I(1)-1,2,'left-msb'); 

 

 

%find for S3 corresponding bits 

[~,I]=min(f_2_3); 

[H1,I]=min(QPSK_r-vector_c(I,1)); 

dec_bits(1,5:6)=de2bi(I(1)-1,2,'left-msb'); 

    case 4 

        Z=0; 

K1=1/sqrt(2)*(randn(4,1)+i*randn(4,1)); % normalize to the variance 1 

CN(0,1) 

K2=1/sqrt(2)*(randn(4,1)+i*randn(4,1)); 

K3=1/sqrt(2)*(randn(4,1)+i*randn(4,1)); 

K4=1/sqrt(2)*(randn(4,1)+i*randn(4,1)); 
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%AWGN channel  

N0=(2*Es/10^(SNR/10)); 

Z1=sqrt(N0/2)*(randn(4,1)+i*randn(4,1)); % variance N0 

Z2=sqrt(N0/2)*(randn(4,1)+i*randn(4,1)); 

Z3=sqrt(N0/2)*(randn(4,1)+i*randn(4,1)); 

Z4=sqrt(N0/2)*(randn(4,1)+i*randn(4,1)); 

%RX symbols 

R1=C*K1+Z1; 

R2=C*K2+Z2; 

R3=C*K3+Z3; 

R4=C*K4+Z4; 

%pair-wise ML decoding QOSTBC 

%find min s1 and s4 for different combinations 

vector_c=combvec(QPSK_r,QPSK_s).'; 

qpsk_space=vector_c(:,2); 

rotated_space=vector_c(:,1); 

%cost function f1_4 

f_1_4=(abs(qpsk_space).^2+abs(rotated_space).^2)* (sum(abs(K1).^2)) 

+ 2*real ( (-K1(1)*conj(R1(1))- conj(K1(2))*R1(2)-conj(K1(3))*R1(3)-

K1(4)*conj(R1(4)))*qpsk_space+rotated_space*(-

K1(4)*conj(R1(1))+conj(K1(3))*R1(2)+conj(K1(2))*R1(3)-

K1(1)*conj(R1(4)) )  )+4*real( K1(1)*conj(K1(4))-conj(K1(2))*K1(3) 

)*real( qpsk_space.*conj(rotated_space))+...        
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(abs(qpsk_space).^2+abs(rotated_space).^2)* (sum(abs(K2).^2)) + 2*real 

( (-K2(1)*conj(R2(1))- conj(K2(2))*R2(2)-conj(K2(3))*R2(3)-

K2(4)*conj(R2(4)))*qpsk_space+rotated_space*(-

K2(4)*conj(R2(1))+conj(K2(3))*R2(2)+conj(K2(2))*R2(3)-

K2(1)*conj(R2(4)) )  )+4*real( K2(1)*conj(K2(4))-conj(K2(2))*K2(3) 

)*real( qpsk_space.*conj(rotated_space))+...        

(abs(qpsk_space).^2+abs(rotated_space).^2)* (sum(abs(K3).^2)) + 2*real 

( (-K3(1)*conj(R3(1))- conj(K3(2))*R3(2)-conj(K3(3))*R3(3)-

K3(4)*conj(R3(4)))*qpsk_space+rotated_space*(-

K3(4)*conj(R3(1))+conj(K3(3))*R3(2)+conj(K3(2))*R3(3)-

K3(1)*conj(R3(4)) )  )+4*real( K3(1)*conj(K3(4))-conj(K3(2))*K3(3) 

)*real( qpsk_space.*conj(rotated_space))+...        

(abs(qpsk_space).^2+abs(rotated_space).^2)* (sum(abs(K4).^2)) + 2*real 

( (-K4(1)*conj(R4(1))- conj(K4(2))*R4(2)-conj(K4(3))*R4(3)-

K4(4)*conj(R4(4)))*qpsk_space+rotated_space*(-

K4(4)*conj(R4(1))+conj(K4(3))*R4(2)+conj(K4(2))*R4(3)-

K4(1)*conj(R4(4)) )  )+4*real( K4(1)*conj(K4(4))-conj(K4(2))*K4(3) 

)*real( qpsk_space.*conj(rotated_space)) ;      

  %find for S1 corresponding bits 

[~,I]=min(f_1_4); 

[~,I]=min(QPSK_s-vector_c(I,2)); 

dec_bits(1,1:2)=de2bi(I(1)-1,2,'left-msb'); 

%find for S4 corresponding bits 

[~,I]=min(f_1_4); 

[~,I]=min(QPSK_r-vector_c(I,1)); 

dec_bits(1,7:8)=de2bi(I(1)-1,2,'left-msb'); 



53 
 

%cost function f2_3 

f_2_3=(abs(qpsk_space).^2+abs(rotated_space).^2)* (sum(abs(K1).^2)) 

+ 2*real ( (-K1(2)*conj(R1(1))+ conj(K1(1))*R1(2)-

conj(K1(4))*R1(3)+K1(3)*conj(R1(4)))*qpsk_space+rotated_space*(-

K1(3)*conj(R1(1))-

conj(K1(4))*R1(2)+conj(K1(1))*R1(3)+K1(2)*conj(R1(4)) )  )+4*real( 

K1(2)*conj(K1(3))-conj(K1(1))*K1(4) )*real( 

qpsk_space.*conj(rotated_space))+...  

(abs(qpsk_space).^2+abs(rotated_space).^2)* (sum(abs(K2).^2)) + 2*real 

( (-K2(2)*conj(R2(1))+ conj(K2(1))*R2(2)-

conj(K2(4))*R2(3)+K2(3)*conj(R2(4)))*qpsk_space+rotated_space*(-

K2(3)*conj(R2(1))-

conj(K2(4))*R2(2)+conj(K2(1))*R2(3)+K2(2)*conj(R2(4)) )  )+4*real( 

K2(2)*conj(K2(3))-conj(K2(1))*K2(4) )*real( 

qpsk_space.*conj(rotated_space))+...   

(abs(qpsk_space).^2+abs(rotated_space).^2)* (sum(abs(K3).^2)) + 2*real 

( (-K3(2)*conj(R3(1))+ conj(K3(1))*R3(2)-

conj(K3(4))*R3(3)+K3(3)*conj(R3(4)))*qpsk_space+rotated_space*(-

K3(3)*conj(R3(1))-

conj(K3(4))*R3(2)+conj(K3(1))*R3(3)+K3(2)*conj(R3(4)) )  )+4*real( 

K3(2)*conj(K3(3))-conj(K3(1))*K3(4) )*real( 

qpsk_space.*conj(rotated_space))+...  

(abs(qpsk_space).^2+abs(rotated_space).^2)* (sum(abs(K4).^2)) + 2*real 

( (-K4(2)*conj(R4(1))+ conj(K4(1))*R4(2)-

conj(K4(4))*R4(3)+K4(3)*conj(R4(4)))*qpsk_space+rotated_space*(-

K4(3)*conj(R4(1))-

conj(K4(4))*R4(2)+conj(K4(1))*R4(3)+K4(2)*conj(R4(4)) )  )+4*real( 
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K4(2)*conj(K4(3))-conj(K4(1))*K4(4) )*real( 

qpsk_space.*conj(rotated_space));   

 

%find for S2 corresponding bits 

[~,I]=min(f_2_3); 

[~,I]=min(QPSK_s-vector_c(I,2)); 

dec_bits(1,3:4)=de2bi(I(1)-1,2,'left-msb'); 

%find for S3 corresponding bits 

[~,I]=min(f_2_3); 

[~,I]=min(QPSK_r-vector_c(I,1)); 

dec_bits(1,5:6)=de2bi(I(1)-1,2,'left-msb'); 

end; 

%count errors 

%count errors 

% count=count+sum(abs(A-dec_bits)); 

    case 4 

A=round(rand(1,16)); 

% TX symbols 

% QPSK 

s1=QPSK_s(bi2de(A(1:4),'left-msb')+1); 

s2=QPSK_s(bi2de(A(5:8),'left-msb')+1); 

%rotated QPSK 

s3=QPSK_r(bi2de(A(9:12),'left-msb')+1); 
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s4=QPSK_r(bi2de(A(13:16),'left-msb')+1); 

C=[s1 s2 s3 s4; -conj(s2) conj(s1) -conj(s4) conj(s3); -conj(s3) -conj(s4) 

conj(s1) conj(s2); s4 -s3 -s2 s1];  

switch Rnum 

    case 1 

%Channel fading coefficients 

K=1/sqrt(2)*(randn(4,1)+i*randn(4,1)); % normalize to the variance 1 

CN(0,1) 

%AWGN channel  

N0=(4*Es/10^(SNR/10)); 

Z=sqrt(N0/2)*(randn(4,1)+i*randn(4,1)); % variance N0 

%RX symbols 

R=C*K+Z;  

 

 

%pair-wise ML decoding QOSTBC 

%find min s1 and s4 for different combinations 

vector_c=combvec(QPSK_r,QPSK_s).'; 

qpsk_space=vector_c(:,2); 

rotated_space=vector_c(:,1); 

%cost function f1_4 

f_1_4=(abs(qpsk_space).^2+abs(rotated_space).^2)* (sum(abs(K).^2)) + 

2*real ( (-K(1)*conj(R(1))- conj(K(2))*R(2)-conj(K(3))*R(3)-

K(4)*conj(R(4)))*qpsk_space+rotated_space*(-
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K(4)*conj(R(1))+conj(K(3))*R(2)+conj(K(2))*R(3)-K(1)*conj(R(4)) )  

)+4*real( K(1)*conj(K(4))-conj(K(2))*K(3) )*real( 

qpsk_space.*conj(rotated_space));      

%find for S1 corresponding bits 

[~,I]=min(f_1_4); 

QPSK_s=vector_c(I,2); 

[~,I]=min(QPSK_s-vector_c(I,2)); 

dec_bits(1,1:4)=de2bi(I(1)-1,4,'left-msb'); 

%find for S4 corresponding bits 

[~,I]=min(f_1_4); 

[~,I]=min(QPSK_r-vector_c(I,1)); 

dec_bits(1,13:16)=de2bi(I(1)-1,4,'left-msb'); 

%cost function f2_3 

f_2_3=(abs(qpsk_space).^2+abs(rotated_space).^2)* (sum(abs(K).^2)) + 

2*real ( (-K(2)*conj(R(1))+ conj(K(1))*R(2)-

conj(K(4))*R(3)+K(3)*conj(R(4)))*qpsk_space+rotated_space*(-

K(3)*conj(R(1))-conj(K(4))*R(2)+conj(K(1))*R(3)+K(2)*conj(R(4)) )  

)+4*real( K(2)*conj(K(3))-conj(K(1))*K(4) )*real( 

qpsk_space.*conj(rotated_space));   

%find for S2 corresponding bits 

[~,I]=min(f_2_3); 

[~,I]=min(QPSK_s-vector_c(I,2)); 

dec_bits(1,5:8)=de2bi(I(1)-1,4,'left-msb'); 

%find for S3 corresponding bits 

[~,I]=min(f_2_3); 
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[H1,I]=min(QPSK_r-vector_c(I,1)); 

dec_bits(1,9:12)=de2bi(I(1)-1,4,'left-msb'); 

    case 4 

        Z=0; 

K1=1/sqrt(2)*(randn(4,1)+i*randn(4,1)); % normalize to the variance 1 

CN(0,1) 

K2=1/sqrt(2)*(randn(4,1)+i*randn(4,1)); 

K3=1/sqrt(2)*(randn(4,1)+i*randn(4,1)); 

K4=1/sqrt(2)*(randn(4,1)+i*randn(4,1)); 

%AWGN channel  

N0=(4*Es/10^(SNR/10)); 

Z1=sqrt(N0/2)*(randn(4,1)+i*randn(4,1)); % variance N0 

Z2=sqrt(N0/2)*(randn(4,1)+i*randn(4,1)); 

Z3=sqrt(N0/2)*(randn(4,1)+i*randn(4,1)); 

Z4=sqrt(N0/2)*(randn(4,1)+i*randn(4,1)); 

%RX symbols 

R1=C*K1+Z1; 

R2=C*K2+Z2; 

R3=C*K3+Z3; 

R4=C*K4+Z4; 

%pair-wise ML decoding QOSTBC 

%find min s1 and s4 for different combinations 

vector_c=combvec(QPSK_r,QPSK_s).'; 
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qpsk_space=vector_c(:,2); 

rotated_space=vector_c(:,1); 

%cost function f1_4 

f_1_4=(abs(qpsk_space).^2+abs(rotated_space).^2)* (sum(abs(K1).^2)) 

+ 2*real ( (-K1(1)*conj(R1(1))- conj(K1(2))*R1(2)-conj(K1(3))*R1(3)-

K1(4)*conj(R1(4)))*qpsk_space+rotated_space*(-

K1(4)*conj(R1(1))+conj(K1(3))*R1(2)+conj(K1(2))*R1(3)-

K1(1)*conj(R1(4)) )  )+4*real( K1(1)*conj(K1(4))-conj(K1(2))*K1(3) 

)*real( qpsk_space.*conj(rotated_space))+...        

(abs(qpsk_space).^2+abs(rotated_space).^2)* (sum(abs(K2).^2)) + 2*real 

( (-K2(1)*conj(R2(1))- conj(K2(2))*R2(2)-conj(K2(3))*R2(3)-

K2(4)*conj(R2(4)))*qpsk_space+rotated_space*(-

K2(4)*conj(R2(1))+conj(K2(3))*R2(2)+conj(K2(2))*R2(3)-

K2(1)*conj(R2(4)) )  )+4*real( K2(1)*conj(K2(4))-conj(K2(2))*K2(3) 

)*real( qpsk_space.*conj(rotated_space))+...        

(abs(qpsk_space).^2+abs(rotated_space).^2)* (sum(abs(K3).^2)) + 2*real 

( (-K3(1)*conj(R3(1))- conj(K3(2))*R3(2)-conj(K3(3))*R3(3)-

K3(4)*conj(R3(4)))*qpsk_space+rotated_space*(-

K3(4)*conj(R3(1))+conj(K3(3))*R3(2)+conj(K3(2))*R3(3)-

K3(1)*conj(R3(4)) )  )+4*real( K3(1)*conj(K3(4))-conj(K3(2))*K3(3) 

)*real( qpsk_space.*conj(rotated_space))+...        

(abs(qpsk_space).^2+abs(rotated_space).^2)* (sum(abs(K4).^2)) + 2*real 

( (-K4(1)*conj(R4(1))- conj(K4(2))*R4(2)-conj(K4(3))*R4(3)-

K4(4)*conj(R4(4)))*qpsk_space+rotated_space*(-

K4(4)*conj(R4(1))+conj(K4(3))*R4(2)+conj(K4(2))*R4(3)-

K4(1)*conj(R4(4)) )  )+4*real( K4(1)*conj(K4(4))-conj(K4(2))*K4(3) 

)*real( qpsk_space.*conj(rotated_space)) ;      
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  %find for S1 corresponding bits 

[~,I]=min(f_1_4); 

[~,I]=min(QPSK_s-vector_c(I,2)); 

dec_bits(1,1:4)=de2bi(I(1)-1,4,'left-msb'); 

%find for S4 corresponding bits 

[~,I]=min(f_1_4); 

[~,I]=min(QPSK_r-vector_c(I,1)); 

dec_bits(1,13:16)=de2bi(I(1)-1,4,'left-msb'); 

%cost function f2_3 

f_2_3=(abs(qpsk_space).^2+abs(rotated_space).^2)* (sum(abs(K1).^2)) 

+ 2*real ( (-K1(2)*conj(R1(1))+ conj(K1(1))*R1(2)-

conj(K1(4))*R1(3)+K1(3)*conj(R1(4)))*qpsk_space+rotated_space*(-

K1(3)*conj(R1(1))-

conj(K1(4))*R1(2)+conj(K1(1))*R1(3)+K1(2)*conj(R1(4)) )  )+4*real( 

K1(2)*conj(K1(3))-conj(K1(1))*K1(4) )*real( 

qpsk_space.*conj(rotated_space))+...  

(abs(qpsk_space).^2+abs(rotated_space).^2)* (sum(abs(K2).^2)) + 2*real 

( (-K2(2)*conj(R2(1))+ conj(K2(1))*R2(2)-

conj(K2(4))*R2(3)+K2(3)*conj(R2(4)))*qpsk_space+rotated_space*(-

K2(3)*conj(R2(1))-

conj(K2(4))*R2(2)+conj(K2(1))*R2(3)+K2(2)*conj(R2(4)) )  )+4*real( 

K2(2)*conj(K2(3))-conj(K2(1))*K2(4) )*real( 

qpsk_space.*conj(rotated_space))+...   

(abs(qpsk_space).^2+abs(rotated_space).^2)* (sum(abs(K3).^2)) + 2*real 

( (-K3(2)*conj(R3(1))+ conj(K3(1))*R3(2)-

conj(K3(4))*R3(3)+K3(3)*conj(R3(4)))*qpsk_space+rotated_space*(-
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K3(3)*conj(R3(1))-

conj(K3(4))*R3(2)+conj(K3(1))*R3(3)+K3(2)*conj(R3(4)) )  )+4*real( 

K3(2)*conj(K3(3))-conj(K3(1))*K3(4) )*real( 

qpsk_space.*conj(rotated_space))+...  

(abs(qpsk_space).^2+abs(rotated_space).^2)* (sum(abs(K4).^2)) + 2*real 

( (-K4(2)*conj(R4(1))+ conj(K4(1))*R4(2)-

conj(K4(4))*R4(3)+K4(3)*conj(R4(4)))*qpsk_space+rotated_space*(-

K4(3)*conj(R4(1))-

conj(K4(4))*R4(2)+conj(K4(1))*R4(3)+K4(2)*conj(R4(4)) )  )+4*real( 

K4(2)*conj(K4(3))-conj(K4(1))*K4(4) )*real( 

qpsk_space.*conj(rotated_space));   

%find for S2 corresponding bits 

[~,I]=min(f_2_3); 

[~,I]=min(QPSK_s-vector_c(I,2)); 

dec_bits(1,5:8)=de2bi(I(1)-1,4,'left-msb'); 

%find for S3 corresponding bits 

[~,I]=min(f_2_3); 

[H1,I]=min(QPSK_r-vector_c(I,1)); 

dec_bits(1,9:12)=de2bi(I(1)-1,4,'left-msb'); 

 

end; 

end; 

%count errors 

count=count+sum(abs(A-dec_bits)); 

end; 
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switch modetype 

    case 2 

switch Rnum 

    case 1 

        BER1indexcounT(N*8) 

        index=index+1; 

    case 4 

        BER2 

indexcount(N*8) 

        index=index+1; 

end; 

    case 4 

        switch Rnum 

            case 1 

                BER3 

             indexcount(N*16) 

                index=index+1; 

            case 4 

                BER4 

indexcount(N*16) 

                index=index+1; 

        end; 

end; 
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end;%HERE 

end; 

end; 

 

SNR_dB=0:3:33; 

len=length(SNR_dB); 

for i=1:1:len 

    SNR_dBi; 

    BF_BE 

iQOSTBC_QPSK_BF(SNR_dB(i)); 

end 

xaxis=0:3:33; 

figure(1); 

semilogy(xaxis, BER1,'*-m',xaxis,BER2,'d-b',xaxis,BER3,'+-

c',xaxis,BER4,'p-k',xaxis,BF_BE,'*-r'); 

legend('QPSK 4Tx,1Rx','QPSK 4Tx,4Rx','16QAM 4Tx,1Rx','16QAM 

4Tx,4Rx','BeamForming'); 

grid on; 

xlabel('SNR(db)'); 

ylabel('BER'); 

title('QOSTBC 16QAM & QPSK & QPSK+BF'); 

 


