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APPENDIX  

OFDMA: 
 
%No.ofSubcarriers 
NS=512; 
%InputGeneration 
x=rand(1,NS)>0.5;  
fftlength=512; 
nd =6; 
BW=5e6; 
FS=2×BW;%SamplingFrequency 
%Conversion ofdatafromserialto parallel 
p = series2parallel(x,NS); 
%Mary Modulationof PSKand QAM 
M= 2; 
X=0; 
forcount1=2:1:7; 
if  (M==2||M==4||M==16||M==64)M=M+X 
%M-ary modulationfor producingy. 
If (M<=8) 
%ModulationforPSK  
y=modulate(modem.pskmod(M),p);  
else 
%ModulationforQAM 
y=modulate(modem.qammod(M),p); 
end 
ylen=length(y); 
%ApplyingMapping 
q_out=ofdma_mapping(y,ylen); 
%ApplyIFFToperation  
outifft=ifft(q_out); 
%CyclicPrefixAddition 
cp(count1,:)= cyclicpad(outifft,64); 
%LengthofCP 
cplength=length(cp); 
%Conversion ofdatafromparallelto serial 
out =reshape(cp(count1,:),1,cplength); 
%SignaltransmitsthroughAWGNchannel. 
ynoisy=awgn(out,100,'measured'); 
%Addition ofRayleighFading 
c=rayleighchan(1/1000,100,[02e-5],[0-9]); 
rf=filter(c,ynoisy); 
%Conversion ofdatafromserialto parallel 
p2= series2parallel(rf,cplength); 
re_par=real(p2); 
%Removecyclicprefix 
rcp(count1,:)= decyclicpad(p2,64);rcplength= length(rcp); 
%FFT 
zzfft=fft(rcp(count1,:),fftlength); 
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%ApplyDemapping 
qq_out=ofdma_demapping(zzfft,fftlength); 
outfft=qq_out; 
%ApplyingIFFT. 
zfft=ifft(qq_out); 
if(M<=8) 
%DemodulationofPSKatReciever 
z=demodulate(modem.pskdemod(M),outfft); 
else 
%DemodulationofQAMat Reciever 
z=demodulate(modem.qamdemod(M),outfft); 
end 
%Conversion ofdatafromparallelto serial  
xdash =reshape(z,1,NS) 
berr=0 ; 
fora =1:1:NS; 
if(xdash(:,a)==x(:,a)) 
berr=0; 
else 
berr=berr+1; 
end 
end 
tberr(count1,:)=berr; Eb_No=0:1:NS-1; 
Eb_No =0.4*Eb_No; 
if(M<=8) 
ber(count1,:)=berawgn(Eb_No,'psk',M,'nondiff');  
Pe(count1,:)=erfc(sqrt(0.9*Eb_No)*sin(pi/M)); 
else 
ber1(count1,:)=berawgn(0.9*Eb_No,'qam',M); 
Pe(count1,:)=2*((1-(1/sqrt(M)))*erfc(sqrt((1.5*Eb_No)/(M-1)))); 
end 
forinit=1:1:32 switchM 
end 
end 
end 
M=2^count1; 
endfigure() 
%PlotSNRand BER 
semilogy(Eb_No,ber(2,:),'k',Eb_No,ber(3,:),'g',Eb_No,ber1(5,:),'b',Eb_No,ber1(7,:),'r');
axis([0 25 0.00011]); 
xlabel('SNR[dB]') 
ylabel('BER') 
legend('BPSK','QPSK','16-QAM','64-QAM') 
title('OFDMA') 
figure() 
%PlotErrorProbability  
semilogy(Eb_No,Pe(2,:),'k',Eb_No,Pe(3,:),'r',Eb_No,Pe(5,:),'b',Eb_No,Pe(7,:),'g'); 
axis([0 50 0.00011]); 
xlabel('SNR[dB]') 
ylabel('ProbabilityofError')  
legend('BPSK','QPSK','16-QAM','64-QAM') 
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title('OFDMA') 
h=spectrum.periodogram; 
figure() 
HS=psd(h,outifft,'SpectrumType','twosided','NFFT',NS,'FS',FS); 
plot(HS) 
xlabel('SamplingFrequency(2×BW)inMHz') 
ylabel('PowerSpectralDensity [dBm/Hz]')  
title('OFDMA') 
gridoff; 
 
SC-FDMA: 
 
%No.ofSubcarriers 
NS=512; 
%InputGeneration 
x=rand(1,NS)>0.5; 
fftlength=512; 
nd =6; 
BW=5e6; 
FS=2×BW;%SamplingFrequency 
%Conversion ofdatafromserialto parallel 
par2=series2parallel(x,NS); 
%Mary Modulationof PSKand QAM 
M= 2; 
X=0; 
forcount1=2:1:7; 
if(M==2||M==4||M==16||M==64)M=M+X 
%M-ary modulationfor producingy. 
if(M<=8) 
%ModulationforPSK 
y=modulate(modem.pskmod(M),par2); 
else 
%ModulationforQAM  
y=modulate(modem.qammod(M),par2); 
end 
%ApplyFFToperation  
out_fft=fft(y,fftlength); 
%ApplyingMapping 
q_out=scfdma_mapping(out_fft,fftlength); 
%ApplyIFFToperation  
out_ifft =ifft(q_out); 
%CyclicPrefixAddition 
cp(count1,:)=cyclicpad(out_ifft,64); 
cplength=length(cp); 
%Conversion ofdatafromparallelto serial 
out=reshape(cp(count1,:),1,cplength); 
%Signaltransmitsthroughan AWGNchannel. 
ynoisy=awgn(out,100,'measured'); 
%RayleighFading 
c=rayleighchan(1/1000,100,[02e-5],[0-9]); 
rf=filter(c,ynoisy); 
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%Conversion ofdatafromserialto parallel 
p = series2parallel(rf,cplength); 
re_par=real(p); 
%Removecyclicprefix 
rcp(count1,:)=decyclicpad(p,64); 
len_rcp= length(rcp); 
%ApplyingFFToperation 
cpfft=fft(rcp(count1,:),fftlength); 
%ApplyingDemapping 
qq_out=scfdma_demapping(cpfft,fftlength); 
%ApplyingIFFToperation  
out_fft =ifft(qq_out); 
if(M<=8) 
%DemodulationofPSK  
z=demodulate(modem.pskdemod(M),out_fft); 
else 
%DemodulationofQAM  
z=demodulate(modem.qamdemod(M),out_fft); 
end 
%Conversion ofdatafromparallelto serial 
xdash =reshape(z,1,NS) 
berr=0 ; 
fora =1:1:NS; 
if(xdash(:,a)==x(:,a)) 
berr=0; 
else 
berr=berr+1; 
endend 
tberr(count1,:)=berr; Eb_No=0:1:NS-1; if(M<=8) 
ber(count1,:)=berawgn(0.9*Eb_No,'psk',M,'nondiff');  
Pe(count1,:)=erfc(sqrt(2*Eb_No)*sin(pi/M)); 
else 
ber1(count1,:)=berawgn(0.9*Eb_No,'qam',M); 
Pe(count1,:)=2*((1-(1/sqrt(M)))*erfc(sqrt((1.5*Eb_No)/(M-1)))); 
end 
forinit=1:1:32 switchM 
endendend 
M=2^count1; 
endfigure() 
%PlotSNRand BER 
semilogy(Eb_No,ber(2,:),'*-
r',Eb_No,ber(3,:),'k',Eb_No,ber1(5,:),'b',Eb_No,ber1(7,:),'g'); 
axis([0 25 0.00011]);  
xlabel('SNR[dB]')  
ylabel('BER') 
legend('BPSK','QPSK','16-QAM','64-QAM') 
title('SC-FDMA') 
figure() 
%PlotErrorProbability 
semilogy(Eb_No,Pe(2,:),'-k',Eb_No,Pe(3,:),'-r',Eb_No,Pe(5,:),'-b',Eb_No,Pe(7,:),'-c'); 
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axis([0 50 0.00011]);  
xlabel('SNR[dB]') 
ylabel('ProbabilityofError') 
legend('BPSK','QPSK','16-QAM','64-QAM') 
title('SC-FDMA') 
h=spectrum.periodogram; 
figure() 
HS=psd(h,out_ifft,'SpectrumType','twosided','NFFT',NS,'FS',FS); 
plot(HS) 
xlabel('SamplingFrequency(2×BW)inMHz')  
ylabel('PowerSpectralDensity [dBm/Hz]') 
title('SC-FDMA') 
gridoff; 
 
 
SerialtoParallel: 
 
functiony =series2parallel(x,NS) L=length(x); 
q=floor(L/NS); newvec=zeros(NS,q); fori=1:q 
newvec(1:NS,i)=x((1+(i-1)*NS):i*NS); 
endy=newvec; 
 
 
CyclicPrefix: 
 
functiony=cyclicpad(X,L) N=length(X(:,1)); 
N-L+1 
 
Y=[X(N-L+1:N,:);X]; 
y=Y; 
 
 
RemoveCyclic Prefix: 
 
functiony=decyclicpad(X,L) N=length(X(:,1)); 
 Y=X(L+1:N,:); 
y=Y; 
 
Mapping: 
 
function[iout,qout]=crmapping(idata,qdata,fftlength,nd); 
iout=zeros(fftlength,nd);  
qout=zeros(fftlength,nd); 
iout(2:27,:)=idata(1:26,:);  
qout(2:27,:)=qdata(1:26,:);  
iout(39:64,:)=idata(27:52,:);  
qout(39:64,:)=qdata(27:52,:); 
 
 
Demapping: 
 
function[iout,qout]=crdemapping(idata,qdata,fftlength,nd); 
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iout(1:26,:)=idata(2:27,:); 
qout(1:26,:)=qdata(2:27,:); 
iout(27:52,:)=idata(39:64,:);  
qout(27:52,:)=qdata(39:64,:); 

 
 
PAPR: 

BPSK: 

functionpaprSCFDMA() 
 
dataType='B-PSK'; %Modulationformat. 
NS =512;%Numberoftotalsubcarriers. 
Symbols =16;%Datablocksize. 
Q=NS/Symbols;%Bandwidthspreadingfactorof SC-FDMA. 
BW = 5e6;% Systembandwidth. 
Ts=1/BW;%samplingrate. 
osf=4;%Oversamplingfactor. Nsub=NS; 
Fsub= [0:Nsub-1]*BW/Nsub;%SubcarrierspacingofOFDMA. 
 
Runs=1e3;%Numberof iterations. 
 
papr1 =zeros(1,Runs);%InitializethePAPRresultsforsc-fdma. 
papr3=zeros(1,Runs);%InitializethePAPRresultsforOFDMA 
 
forn =1:Runs, 
%Generaterandomdata. 
ifdataType=='B-PSK' 
tmp=round(rand(Symbols,2)); 
tmp=tmp*2- 1; 
data=(tmp(:,1)+j*tmp(:,2))/sqrt(2); 
else ifdataType=='16QAM' 
dataSet= [-3+3i-1+3i1+3i3+3i... 
-3+i -1+i1+i3+i... 
-3-i -1-i1-i3-i... 
-3-3i -1-3i1-3i3-3i]; 
dataSet=dataSet/ sqrt(mean(abs(dataSet).^2)); 
tmp=ceil(rand(Symbols,1)*16); 
fork = 1:Symbols,iftmp(k)==0 
tmp(k)=1; 
end 
data(k)=dataSet(tmp(k)); 
end 
data=data.'; 
end 
%Convertdatato frequencydomain. 
Z1=fft(data); 
Z2=fft(data); 
%Initializethesubcarriers. 
Y1=zeros(NS,1); 
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Y2=zeros(NS,1); 
%Subcarrier mappingforSC-FDMA  
Y1(1:Q:NS)=Z1;Y2(1:Symbols)= Z2; 
%Convertdatabackto timedomain. 
y1 =ifft(Y1); 
y2=ifft(Y2); 
%OFDMAmodulation. 
%TimerangeoftheOFDMAsymbol. 
t = [0:Ts/osf:Nsub*Ts]; 
y3 =0; 
fork=1:Symbols, 
y3=y3+data(k)*exp(j*2*pi*Fsub(k)*t); 
end 
%CalculatePAPR. 
papr3(n)=10*log10(max(abs(y3).^2)/ mean(abs(y3).^2)); 
papr1(n)=10*log10(max(abs(y1).^2)/ mean(abs(y1).^2)); 
papr2(n)=10*log10(max(abs(y2).^2)/ mean(abs(y2).^2)); 
end 
%PlotCCDF.  
figure () 
 
[N,Z3]=hist(papr3,100); 
[N,Z1]=hist(papr1,100); 
[N,Z2]=hist(papr2,100); 
 
semilogy(Z1,1-cumsum(N)/max(cumsum(N)),'b') 
holdon 
semilogy(Z3,1-cumsum(N)/max(cumsum(N)),'black') 
holdoff 
title('PAPRofSC-FDMAand OFDMAforBPSK') 
xlabel('PAPR[dB]') 
ylabel('{PAPR(PAPR>PAPR0)}') 
gridoff; 
%savedata. 
savepaprSCFDMA 
 
 

 
QPSK: 
 
ifdataType=='QPSK' 
tmp=round(rand(Symbols,4)); 
tmp=tmp*2- 1; 
data=(tmp(:,1)+j*tmp(:,2))/sqrt(2); 
 

 
 
 
16-QAM: 
 
elseifdataType=='16QAM' 
dataSet= [-3+3i-1+3i1+3i3+3i... 
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-3+i -1+i1+i3+i... 
-3-i -1-i1-i3-i... 
-3-3i -1-3i1-3i3-3i]; 
 
 
64-QAM: 
 
elseifdataType=='64QAM' 
dataSet= [-5+5i-1+5i1+5i5+5i... 
-5+i -1+i1+i5+i... 
-5-i -1-i1-i5-i... 
-5-5i -1-5i1-5i5-5i]; 
 
 

 

 

 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


