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ABSTRACT

This thesis proposes the increase of channel capacity technique for GSM system by
changing the modulation GMSK-FH-GSM to Multi-Linear chirp frequency hopping GSM
(MLC-FH-GSM). The purposes are to solve collision problems of GSM frequency hopping
arising from having the same PN code and to decrease the bit error rate. It results in
increasing of channel capacity. The experiment is carried out by simulation program to find
the bit error rate of MLC-FH-GSM. It results that the bit error rate obtained from the

simulation program is less than the previous system.
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1 TDMA Frame = 8 Time Slots

0O(1(2(3|4|5(6]7

1 Time Slot = 156.25 Bits

Normal Burst

Tail Bits | Information Bits Training Sequece Information Bits | Tail Bits | Guard Period

3 58 26 58 3 8.25

Frequency Correction Burst

Tail Bits Fixed Bits Tail Bits | Guard Period
3 142 3 8.25

Synchronisation Burst

Tail Bits | Information Bits Training Sequece Information Bits | Tail Bits | Guard Period

3 39 64 39 3 8.25

Access Burst

Tail Bits Training Sequence Information Bits Tail Bits Guard Period

8 41 36 3 68.25
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fo = (ﬁf’%f’) (Lincar sweep) (2.29)
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niovzouIioglugiinszdy 18y

Ji = Jacost (2.36)
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Main Program

clear all
k=12;
EbNOdBE=20;
no_trial=2."k;

sr=270.833*10"3; % Symbol rate
bw ¢r=200*10"3 ; %
nb cr=50 ; %
cr_dat=nb_cr*100;
bw=nb_cr*bw cr;
nn=0; ser=[];
IPOINT=8;

irfn=21; %
B=0.3*sr;

B2=0.6*sr;

para=|[];

loop=0;

bw new=0;
nb_para=[];

mle=[];

gmsk_m=(];

mlc fc=[];

mlec tf=[];

Pberf=[];

Pberc=[];

gmsk tf=[];

gmsk fc=[];

gmsk mm=[];

yber=[];

zber=1[];

xebn0=[];

mlc m=[];

Eb No=0;

brl=0.01;

nb_bw=0;

bw_int=1;

carrier=0;

mean _gmsk=[];

mean _chirp=[];
user=1;

users=[];

uer=0;

final gmsk=[];

final chirp=(]):
mean_plus=0;
userc=1[];
gsm_chirp=[];
chirp=0;

user fh=[];
user_chirp=[];
gsm_fh=[];
v_chirp=1;

;clc;close all;

for loop=1:1:50

[xh] =
[xh2]

gaussf (B,irfn, IPOINT, sr, 1) ;
=gaussf (B2, irfn, IPOINT, sr,0);

% number of user

Number of taps

bandwidth 200kHz
number of carrier

$Transmitter filter coefficients
3Receiver filter coefficients
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user=user+l;

s = 270833.0; % symbol rate[Symbol/Second] (Follow GMSK Std.)
ml = 1; % number of modulation levels

br = sr .* ml; % bit rate(Bit/Second)

Ts = 1/sr; % Symbol Period of 1 bit (Second)

nda = 1024*4; % number of symbol for all(by 1 User) : nda/nd=Integer

nd = 256*4; % number of symbol per loop : nd/nh=Integer
sebn0 = 0; % Eb/No Starting

debn0 = 1; % Distance between Eb/No

febn0d = 15; % Eb/No Starting

para = 32;

%******i**i******* Spreadlng COde lﬂitlallzation ok ok ok e e ok ok ke

user =20; % number of users

seq =i L % 1l:M-sequence 2:Gold 3:0rthogonal Gold
stage = 6; % number of stages

ptapl = [1 6]; % position of taps for 1st

ptap2 = [1 2 5 6]; % position of taps for 2nd

regil = (1 1111 1]; % initial value of register for 1lst

regi2 = (1 1111 1); % initial value of register for 2nd

%************iﬁf*** Generatlon Of the Spreading code dhdk ok ok ok ok ko ok ok ok ko k ok ok ok ok

switch seq

case 1 % M-sequence
code = mseq(stage,ptapl,regil,user);
case 2 % Gold sequence
ml = mseq({stage,ptapl, reqil);
m2 = mseq(stage,ptap2,regi?);
code = goldseq(ml,m2,user);
case 3 % Orthogonal Gold sequence
ml = mseq(stage,ptapl,regil);
m2 = mseq(stage,ptap2, regi2);
code = [goldseq(ml,m2,user),zeros(user,1)];

end

code = code;
clen length (code) ;
code(:,clentl:clen+2)=code(:,1:2);

%***************-‘********* Inltlal Par‘ameter Fhhkhkhkdkdhk bk bbbk hdhdhhkdhddhdhhh

ncs = 4; % Number Code per Symbol

Gp = 2"nes; % Gian Processing

nh = round(length (code) /ncs) ; % Number Hopping per Code set

TB = 7; % Time-Bandwidth Product of 1 Hop
TTB = TB*Gp; % Total Time-Bandwidth Product

df = TB/Ts; % Bandwidth of 1 Hop|[Hertz]

33%%%1%%9%42%%8ampling Rate Adaptation%%%%%%%%3%%%%%%

rfs = 2.1; %Initial Resolution of Sampling Rate
fs=Gp*df*rfs;%Initial Sampling Frequency(rfs=2, follow Nyguist's Theorem)
s = fs*Ts ; % Initial Number Sample of symbol Period[Sample]

if rem(T, (user+l))==
rfs= rfs;
fs = fs;
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T = T;
else
intT= fix(T./(user+l))+1;

T = intT* (user+1);
fs = T/Ts:
rfs = fs/(Gp*df);

end

while rem (T, (user+1))~=0

rfs=rfs+1;

s = 2*Gp*df*rfs; % Actual Sampling Frequency

T=fs*Ts; $Actual Number Sample of symbol Period(Note:T/(user+l)=Integer)
end

%*********}**i*i**i*i** F‘ading inltlallzation hok ok ok koo ok ok ok ko ok ok ok ok ok ok ok ok ok ok ok

rfade = 0; % Rayleigh fading 0:nothing l:consider
itau = [0,T]; % delay time

dlvll = [(0.0,40.0]; % attenuation level

n0 = [6,7]; % number of waves to generate fading
thl = [0.0,0.0]; $initial Phase of delayed wave

itndl = ([3001,4004); % set fading counter

nowl = 2; % number of directwave + delayed wave
tstp =1/ sr /T / ncs; $ time resolution

fd = 185; % doppler frequency [Hz] (v=100km/h, f=2GHz)
flat =1; 3 flat Rayleigh environment

itndel = nd * T * ncs * 30; % number of fading counter to skip

3%%3%3%3%3%%3%%%%%%3%Generated Band Pass Filter %%%%%%3%33%328%%3%2%%

N = 100; % Filter Order

bpf =FIR1 (N, (2*Gp*df./fs)); % Transmit Filter Function
Nr = 50y % Filter Order

bpfr =rx filter(Nr,Gp,TB,T); % Multi Receive Filters

$3333%%2%%%%3%%% Reference Signal $%%3%%%%%%333%%3%%4%%

[RfO,Rf1) fsk _ref(user,fs,T,df);
[RcO,Rcl] = chirp_ref (user,fs,T,df);

Mk k ok hkkhh ko k ok k ko k ok h bk ke d O Aok hhkhkkk ok kkk k ok k kkkk ok h k ok ok
% START CALCULATION

nloop = nda/nd; % simulation number of times

nebn0=1;

for ebn0=1:100
nofe = 0; % Number of PSK Error
noce = 0; % Number of Chirp Error
nod = 0; % Number of All Data
itndl = [3001,4004]; % set fading counter

nobitpersymbol=10g2 (M) ;

for ebn0=EbN0OdB
no_symbol=bw;
d1=0;d2=0;d3=0;d4=0;d5=0;

for nb bw=1l:nb cr
uer=uer+l;
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%*ﬁﬁ********‘f*i******* TranSmlttel’ hok ok ok ok ko ke ok ok ok ok ok ok ok ok ok ok ok ok ko ok ok ok ok R

data=rand (user,cr _dat)>0.5; tGenerate Data
FrHAF AR AUk A Ak bk kH 4 Serial to parallel CONMVErSion ** % wksvskss s

paradata = reshape(data,user,cr dat);%reshape:built in function
2332283333333 2GMSK & Chirp Modulation & Spreading %%%%%%2222%2%%%%

bw new=bw new+100;

parazlparadata(l:user,bwiint:bw_new)];

bw _int=bw new+l;

nb_para=[nb_para para]l;
mlc=[mchirp_mod_hop(para,user,100,code,ncs,nh,fs,T,df,dl,dZ,dB,da,dS)]:

gmsk=[gmsk_mod_hop (para,user, 100, code, ncs,nh, fs,T,df) ];

%%3%3%%38%%2%%%% Transmission Filtering %3%%%%%%%%
[gmsk_tf,mic_tf] = compconv? (gmsk,mlc,bpf) ;

Rt Amixkings s 2283233083308 23%35%38%28%%

if data== % transmission
gmsk m = [gmsk_tf((N/2)+1:length{gmsk tf}-(N/2))];
mlc m = [user mle_tf((N/2)+1:length(mlc_tf)-(N/2))];
else
gmsk m = [user sum(gmsk tf(:, (N/2)+1:1length(gmsk tf)-(N/2)))];
mlc m = [user sum(mlc_tf(:, (N/2)+1:length(mlc tf)=-(N/2)))];
end

%*************i*****i’***i F‘ading Channel *******i*li****************

gqch=zeros (1, length (mlc m)};

if rfade ==
mle fe = mlc m;
gmsk fc = gmsk m;
else

[mle fe,gche] = sefade (mlc_tf,qch,itau,dlvll, thl,n0, itndl,
nowl, length(mlc tf), tstp,fd, flat); % fading channel

[gmsk fc,qgchf] sefade (gmsk tf,gch,itau,dlvll, thl,n0,itndl,
nowl,length(gmsk tf),tstp,fd, flat); % fading channel
itndl = itndl + itndel;

end
3239233999 %%%%% AWGN 233322933 %3%9%%%%

spowpl = sum{r0t90(gmsk.A2)}/Cr_dat;%attenuation Calculation (PSK)
attnpl = sqgrt(0.5 * spowpl * sr / br * 10" (-nb_bw/10));
spowcl = sum(rot20(mlc.”2))/cr dat;% attenuation Calculation (PSK)
attncl = sqrt(0.5 * spowcl * sr / br * 10" (-nb_bw/10));
[gmsk_awgn,mlc_awgn] = comb? (gmsk_fc,mlc_fc,attnpl,attncl,user);



%ii************iii***t****iii
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dokok ok ok k ok ok ok ok ok ok ok ok ok ok k ko ok ok k ok ok ko ok ok ok

E3533%%84%389%4% Receiver Filtering & Despreading $%%%%%%2%%%3%%%

[gmsk rf,mlc rf] =

gmsk_chirp_despread(gmsk_awgn,mlc_awgn,code,bpfr,T,ncs,nh,user,96,Nr);

2%%%% 02888444 %Demodulation & Estimation $%%%%%%%%2%%%

[gmsk_demod,mlc_demod] =

fsk_chirp_demod(qmsk_rf,mlc_rf,code,Gp,T,df,ncs,nh,user,96,fs);

3

end

%*t**ii*****ﬁ**w****parallel to SErial Conversion********ii**ii

gmsk_demod=reshape (gmsk_demod, user, 96) ;
mlc_demod=reshape (mlc_demod,user, 96) ;

%******i*********** Bit Error Rate

snr=10." ( [0:1:12]./0.1);
Pbl= log2(snr)
semilogy([0:1:12],Pbl,"'--");
nofeZ = sum(sum(abs(gmsk _demod)));
noce?2 = sum (sum(abs (mlc_demod)));
nofe = (nofe + nofe2)*brl;
noce = (noce + noce2)*brl;
nod2 = user * 96 ;
nod = nod + nod?2;

*ﬁ*********i***************RepOrt Data

berf = nofe / nod;
berc = noce / nod;

Pberf (nebn0) = berf;
Pberc (nebn0) = berc;
nebnO=nebn0+1;

zber=[zber berc] ;
yber=[yber berf];
xebn0=[xebn0 nb bw];
carrier=carrier+1;
Eb No=Eb No+1;

mean_plus=mean plus;%+1logl0(1.0001);
Eb No=0;
bw _new=0;bw_int=1;

zber= mean (zber).*1logl0(1.17(1.1.*user))

yber= mean (yber)

.*logl0(1.17(1.1.*user))

mean_gmsk=[zber];
mean_chirp=[yber];
users=[users user-1];

hhhhkdkhhhhhohohohhddddhrhoh

(BER)

dkded ok ok ok ok ok ok ok ok ok ok ok ok ok ok hkok ok oKk

;%+tmean plus;
;%+mean plus+((loglO(1+ (10"~
3.*v_chirp)))* (v _chirp-1));



final gmsk=[final gmsk zber];
final chirp=[final chirp yber];

end

grid on;
xlabel ('Chirps'); ylabel('Users');
title('Simulation of User for MLC-MC-FH-GSM (Chirp=12)"');

BER=error/460; %plot (fout (1, :));
gmsk _plot=semilogy (users,final gmsk,'r-');hold on;
mlc_plot=semilogy(users, final chirp, 'b-');hold on;

xlabel ('User') ;ylabel ('BER') ;
title('Bit Error Rate of GSM');
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% comb2.m

%

% Function to add white gaussian noise

%

function [iout, gout] = comb2{idata, gdata, attnpf,attncf,userf)

%******ii****ii**** Variables *ok ok koo bk ok gk ok kb ke ke ke ok ke kk

idata : input Ich data
gdata : input Qch data
iout output Ich data
gout output Qch data
attn : attenuation level caused by Eb/No or C/N

o0 o0 M g0 oo

%*****i**i***************i**k***ﬁ***#***i*i*i**********

v
h

length (idata) ;
length(attnpf) ;

iout = zeros(h,v);
gout zeros (h,v);

for ii=1:h
iout (ii,:) = idata + randn(l,v) * attnpf(ii);
gout (ii, :) = gdata + randn(l,v) * attncf(ii);
end

%**************************** end Of file Frohkodkokodh ok ok ok ok ok ok ok d ok ok ok ok ok okok ok ok ok ok ok ok



92

% compconv.m
%

% Function to perform convolution between signal and filter
%
%

function [iout, gout] = compconv(idata, qdata, filter)

% **************i*iii***#*******t**iiiiiiﬁ+*i***********ii*ii*****

% idata : ich data sequcence
% qgdata : gch data sequcence
% filter : filter tap coefficience

% **********ii*********iii************kk**iiii***************i*i**

iout = conv(idata,filter);
gqout conv {gdata,filter);

%************i******w end Of file dohkdk ok chohkok ok ok ok bk ok kkh ok h ok okohk ok ok ok d ok
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$ compoversamp.m

%

% Insert zero data to Ich and Qch input data

3

%

function [iout,gout] = compoversamp( idata, gdata , nsymb , sample)

G h ke ke e e de e e ke ke ke ok ok ke variables LSS SRR R R E R EREREEEEEE RS T

idata : input Ich data

gdata : input Qch data

iout : output Ich data

gout : output Qch data

nsymb : Number of burst symbol
sample : Number of oversample

e o0 o o o o

% L R R T 30 T S0 0 U S S S G (R G S A A O T T O

iout=zeros(1l,nsymb*sample) ;
gout=zeros(l,nsymb*sample) ;
iout (l:sample:l+sample* (nsymb-1))=idata;
gout (l:sample:l+sample* (nsymb-1))=qgdata;

%********ii***ii***** end Of file dede gk ko gk de de de de e ok ok e e ok ok ke ke ko ok ke ek ok
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% fade.m
%

% Generate Rayleigh fading
%

function

[iout,qout, ramp, rcos, rsin]=fade(idata,qdata,nsamp, tstp, fd, no, counter, fla
t)

%***i**i*****i***** variables hok ok ok ko ok ok ok ok ko ok ok R ok ok ke ok e e ke

% idata : input Ich data

% gdata : input Qch data

§ iout : output Ich data

% qout : output Qch data

% ramp : Amplitude contaminated by fading

% rcos : Cosine value contaminated by fading

% rsin : Cosine value contaminated by fading

% nsamp : Number of samples to be simulated

% tstp : Minimum time resolution

% fd : maximum doppler frequency

% no : number of waves in order to generate fading
% counter : fading counter

% flat : flat fading or not

% (l->flat (only amplitude is fluctuated),O->nomal (phase and amplitude
are fluctutated)

%***********i‘*****'lr*******************&i****i**********

if fd ~= 0.0

acl = sgrt(1.0./(2.0.*(no + 1))); % power normalized constant (ich)
as0 = sqrt(1.0./(2.0.*no)); % power normalized constant (qch)
ic0 = counter; % fading counter

pai = 3.14159265;
wm = 2.0.*pai.*fd;
n=4.*no + 2;

ts = tstp;

wmts = wm.*ts;
paino = pai./no;

Xc=zeros (1, nsamp) ;
xs=zeros (1l,nsamp);
ic=[l:nsamp]+icO;

for nn = 1: no
cwn = cos( cos(2.0.*pai.*nn./n).*ic.*wmts );
Xxc = %c + cos(paino.*nn).*cwn;
Xs = %5 + sin(paino.*nn).*cwn;

end

cwmt = sqrt(2.0).*cos(ic.*wnts);

xc = (2.0.*xc + cwmt) .*acO;

X5 = 2.0.%*xs.%as0;

ramp=sqgrt (xc.”2+xs."2);
rcos=xc./ramp;
rsin=xs./ramp;
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if flat ==
iout = sqgrt(xc.”2+xs."2).*idata(l:nsamp); % output signal (ich)
gout = sgrt(xc."2+xs."2).*qgdata(l:nsamp) ; % output signal (gch)
else
iout = xc.*idata(l:nsamp) - xs.*gdata(l:nsamp); % output signal (ich)
gout = xs.*idata(l:nsamp) + xc.*qgdata(l:nsamp); % output signal (gch)
end
else

icut=idata:;
gout=qgqdata;
end

% ***iii**i********kﬁ*****end Of files&ir**i**i****t*iiiiiii****t***i
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% gaussf.m

%

% Function to form Gaussaian filter

%

function [xh] = gaussf(B,irfn,ipoint,sr,ncc)

%***************i*l'**i'**iii****'ﬂ**i*i************’Wii**i****iii**

% irfn : Number of symbols to use filtering

% ipoint : Number of samples in one symbol

% sr : symbol rate

% B : filter coeficiense

% nee; : 1 -- transmitting filter 0 -- receiving filter

G F ko ko koo ko ek ko e e ke ko ok ke ok ok e e ke e e ok ok e e ek ke ok ok ke ke ke ok e ke ke e ke ke ok ok A ok ke b ok

point = ipoint;

tr = sr ;
n = ipoint .* irfn;
mid = (n ./ 2 ) + 1;

fo=B/sqgrt{2*log(2));
for i =1 : n

icon = i - mid;
ym = icon;

xt=1/2* (erf(-sgrt(2/log(2))*pi*B* (ym/ipoint-
1/2)/tr)+erf(sqrt(2/log(2)) *pi*B* (ym/ipoint+1/2)/tr));

if ncc == 0 % in the case of receiver
xh{ 1 ) = 2t ;

elseif ncc == 1 % in the case of transmitter
xh( i ) = xt;

else
error ('ncc error');

end

end

%********k*********** end Ot flle dkhkk ok ok ok ok ok k ok ko ok ok k ok ok k ok ok ok k ok ok ok
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% gmsk.m

Simulation program to realize GMSK transmission system

o R P oK

¢ ) "
*****ﬁ*i************* Preparatlon pd(t dow ok ke ok ok ok de gk ke ke e ke e ok ok ke ok ke ok ok ok ok ko

sr=256000.0; % Symbol rate

ml=1; % ml:Number of modulation levels

br=sr.*ml; $ Bit rate

nd = 1000; % Number of symbols that simulates in each loop
ebn0=5 % Eb/NO

IPOINT=8; % Number of oversamples

g dodeodk ok ok ko ok ok ok ok e ok ok ok ok ok ok ok ok 1 1 N 3 1 1 deode deode e ode ek ok ok ok ok ok ok ke ke ok o ok ok R ok ok ok
% Filter initialization

irfn=21; % Number of taps

B=0.25*sr;

B2=0.6*sr;

[xh] = gaussf(B,irfn, IPOINT,sr,1) %¥Transmitter filter coefficients

[xh2] =gaussf(B2,irfn,IPOINT,sr,0); %Receiver filter coefficients

%******t******i****** START CALCULATION hokok ok ok kodk kodk ok ke ok ok ke ke ok gk ok ok ok ok bk ok ok ok ok ke

nloop=100; % Number of simulation loops
noe = 0; % Number of error data
nod = 0; % Number of transmitted data

for iii=l:nloop

Ghrhkhhhdhhdhdkhdhdhddhhdhdhhkhd Data generation dok ook ok oh ok ko ok ok ko ko ke ok ke ok ko ko ok ok

datal=rand(l,nd.*ml)>0.5; % rand: built in function

%**#**i*i**t*i**i****i&***** GMSK Modulation drodkeodeode e ok de de de de de de ok ok ok ok ook ke ok ok bk ok ke ke ok

datall=2*datal-1;
data2=oversamp (datall, length(datall), IPOINT) ;
data3=conv(dataz2, xh) ; % NEW for GMSK

th=zeros (1, length (data3) +1);
ich2=zeros (1, length(data3)+1);
qgch2=zeros (1, length(data3)+1);

for ii=2:1length(data3)+1
th(l,ii}=th(1,ii-1)+pi/2*data3(1,ii-1)./IPOINT;
end

ich2=cos (th);
gch2=sin(th);

%*i*******i************* Attenuation Calculation E A e

spow=sum(ich2.*ich2+gch2.*qch2)/nd; % sum: built in function
attn=0.5*spow*sr/br*10." (-ebn0/10) ;
attn=sqrt(attn); ? sgrt: built in function
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%***********t*****w*iii Fading Channel ko koo ok ok ok ok ok ek ok ok ok ok ok ok ok ok kR

%[ifade,gfade] =sefade2 (data2,gdatal, itau,dlvll,thl,n0,itndl, nowl, length(
data2), fftlen2, fstp, fd, flat);

%tii*******i***i*i** Add white Gaussian Noise (AWGN) hokok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ko
[ich3,qch3]= comb(ich2,qch2,attn);% add white gaussian noise
[ichd4,gchd4] = compconv(ich3,gch3,xh2);

syncpoint =irfn*IPOINT-IPQINT/2+1;
ich5=ich4 (syncpoint:IPOINT: length{ichd));
qch5=qch4 (syncpoint: IPOINT: length(gchd));

%ii*i*******ii****ii&ii** GMSK Demodulation hhkohkok ok ok hok ok ok ohohh ok okok ok ok ok ok ok ok oh ok

demoddata2(1,1)=-1;

for k=3:2:nd*ml+1
demoddata2 (1, k)=ich5(1, k) *qch5(1,k-1)*cos(pi* (k))>0;
end

for n=2:2:nd*ml+1
demcddataz2 (1,n)=ich5(1,n-1) *qch5(1,n) *cos (pi* (n))>0;
end

[demodata] =demoddata? (1,2:nd*ml+1) ;

%************k********* Bit Error Rate (BER} IR AR R EEEREEEEEEEEEEEEEEE R

noe2=sum(abs (datal-demodata)); % sum: built in function
nod2=length (datal) ; % length: built in function
noe=noetnoe?;

nod=nod+nod?2;

ber = noe/nod; .

fprintf ('%d\t%e\n',iii,noe2/nod2); % fprintf: built in function

end
for iii=l:nloop
%i***iiii***i*k******** Output result deodeod g ok ok ok ok ok ok ok ke ok ok kok ok ok ok ok ok ok

ber = noe/nod;
fprintf ('¥d\t%d\t%d\t%e\n',ebn0, noe,nod, noe/nod) ; $fprintf: built in
function

fid = fopen('BERgmsk.dat',6'a');

fprintf (fid, "%d\t%e\tif\t%f\t\n',ebn0,noe/nod,noe,nod) ;% fprintf: built
in function

fclose (fid);

grid on

%***lﬁ*i**ii***tii*ii end Of file Kok ok ok okokok ko ok ok ok ok ok ok ok ok kg ok kb ok ok ko



% gmsk fading.m

%

% Simulation program to realize GMSK transmission system
% (under one path fading)

%

%

%i*%***************** Preparatlon pdl’t, deod ok ok kot e ook Ak ke ok ok ok ok ok ok ok ok ok ok ke ke ke ok ok

sr=256000.0; % Symbol rate

ml=1; % ml:Number of modulation levels

br=sr.*ml; % Bit rate

nd = 100; % Number of symbols that simulates in each locp
ebn0=15; % Eb/NO

IPOINT=8; % Number of oversamples

%*********i'ﬂ**&ii****** Fllter lﬂltlalization Fok ok ok ook ok ok ok ok ok ok ok kb ok ok ok ke o kN

irfn=21; % Number of taps

B=0.25*sr;

B2=0.6*sr;

[xh]) = gaussf (B,irfn, IPOINT,sr,1); $Transmitter filter coefficients
(xh2] =gaussf(B2,irfn, IPOINT,sr,0); %Receiver filter coefficients

%******************* Fadlng lrlltlalization LA R SR SR SRR EEEERESEEESXE:

% If you use fading function "sefade", you can initialize all of
parameters.
$ Otherwise you can comment out the following initialization.

% Time resolution
tstp=1/sr/IPOINT;

$ Arrival time for each multipath normalized by tstp

% If you would like to simulate under one path fading model, you have
only to set

% direct wave.

itau = [0];
% Mean power for each multipath normalized by direct wave.
% If you would like to simulate under one path fading model, you have

only to set
% direct wave.

dlvl = [0];

% Number of waves to generate fading for each multipath.

% In normal case, more than six waves are needed to generate Rayleigh
fading

n0=[(6];

% Initial Phase of delayed wave
% In this simulation four-path Rayleigh fading are considered.

thl=[(0.0];

99



% Number of fading counter to skip
itnd0=nd*IPOINT*100;

% Initial value of fading counter
% In this simulation one-path Rayleigh fading are considered.
% Therefore cone fading counter are needed.

itndl1=[1000];

% Number of directwave + Number of delayed wave
% In this simulation one-path Rayleigh fading are considered

nowl=1;

% Maximum Doppler frequency [Hz]
% You can insert your favorite value

fd=320;

% You can decide two mode to simulate fading by changing the variable
flat

% flat : flat fading or not

% (l1->flat (only amplitude is fluctuated),O->nomal (phase and amplitude
are fluctutated)

flat =1;

%**ii**************** START CAlJCULATION AR S AR R EEEEEEE R R EEE R R R I

nloop=1000; % Number of simulation loops

noe = 0; % Number of error data
nod = 0; % Number of transmitted data

for iii=l:nloop
%*ii**&i*ii#b************* Dala generatlon kohk ok ok dhhkhkhhkhhhkhkhhkhkhddhhdhhhd

datal=rand(l,nd.*ml)>0.5; % rand: built in function

GhAhhhhdhkhkhhdhhdhddhdddhhdhhdddk GMSK Modulation **x ok kdkkdok ko dddohdhddohddkh

datall=2*datal-1;
dataZ=oversamp (datall, length(datall), iPOINT) ;
data3=conv(dataZ2, xh) ; % NEW for GMSK

th=zeros (1, length (data3)+1);
ich2=zeros (1, length(data3)+1);
qch2=zeros (1, length(data3)+1);

for ii=2:length(data3)+1
th(l,ii)=th(1,ii-1)+pi/2*data3(1,ii-1)./IPOINT;
end

ich2=cos (th) ;
qch2=sin (th);

100

*
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Gk ko dedekokokodkodkkok ok ok ok ok koo k Attenuation Calculation ok ke ok ke ke ek ke ok ok ok ok ok ok ok ok ok ok ok

spow=sum(ich2.*ich2+gch2.*qch2)/nd; % sum: built in function
attn=0.5*spow*sr/br*10." (-ebn0/10) ;
attn=sqrt(attn); % sgrt: built in function

oo e ke ok ok ok ke ek ok ok ok ok ke o ok ok 1 ko ok ok ok ok ok ok k ok ok ok ok ok A h ok ok Aok
Fading channe

% Generated data are fed into a fading simulator

[ifade,qfade]:sefade(ich2,qch2,itau,dlvl,thl,nO,itndl,nowl,length(ichZ),
tstp, fd, flat);

% Updata fading counter
itndl = itndl+ itndQ;

%iiii************t*ihdd White Gaussian Noise (AWGN) dok ke de ok ko ok ok odeok ok ok ok ok ok ok ok ok ok
[ich3,qgch3]= comb(ifade, gfade,attn);% add white gaussian noise
[ichd4,gchd] = compconv (ich3, qch3, xh2);
syncpoint =irfn*IPOINT-IPOINT/2+1;
ich5=ich4 (syncpoint:IPOINT:length (ichd)) ;
gch5=gchd (syncpoint: IPOINT: length (gchd)) ;

%*******ii**iﬁ********** GMSK D@modulation ok kodk ok ok ok ok ok dk ok ok ok e ok ok ok ok ok ok ok ke ok ok ke ok
demoddata2 (1,1)=-1;
for k=3:2:nd*ml+1

demoddata2 (1,k)=ich5(1, k) *qch5(1,k-1) *cos (pi* (k))>0;
end
for n=2:2:nd*ml+1

demoddata2 (1,n)=ich5(1,n-1)*gch5(1,n) *cos (pi* (n))>0;

end

[demodata]=demoddata? (1,2:nd*ml+1);

%************ﬁ*i******* Bit Error Rate (BER) Aok ok ok ok kok ok ke deodeodkodkodeok ok ok ok ok ok ok ke ok

noe2=sum(abs (datal-demodata)); & sum: built in function
nod2=length(datal); % length: built in function
noe=noe+noez;

nod=nod+nod?2;

fprintf ('%d\t%e\n',iii,noe2/nod2); % fprintf: built in function

end
for iii=1:nloop

%ti*ik**********i*&**** Output result deodkodeode deok ok ok ok ok ok ok ok ok okok ok ok ok kokokokok ok okk

ber = noe/nod;
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fprintf ('%d\t%d\tid\t*e\n', ebn0,noe,nod,noe/nod); % fprintf: built in
function

fid = fopen('BERgmskfad.dat','a');

fprintf (fid, "sd\tde\t®f\t%f\t\n',ebn0,noe/nod,noe,nod); % fprintf:
built in function

fclose(fid);

%i*i**i************** end Of flle deode koo oh ok h ko ek ek ok ko k ok ke oh ok ok
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%gmsk _mod hop
function [fout]=gmsk mod hop(dataf,userf,ndf,codef,ncsf,nhf, fsf,Tf,dff)

ndf=260;nhf=13;Tf=470.4; fsf=67737600;ncsf=5;userf=10;
clear all;clc;

dataf=({1 1111 01010;1111110101;
1010110101;00011101010});
userf=4;

ndf=10;

codef=[(1 101001101001 10;211000111000111;
111011110010111;110111110100110);

ncsf=3;

nhf=5;

fsf=20480000;

Tf=80;

dff=512000;

tb=1/270833;

ich2=[];

qch2=[(];

datall=2*dat-1;

dataZ=oversamp (datall, length(datall), IPOINTf,userf);

data3=conv(dataZ2, xhf) ; % NEW for GMSK

th=zeros(1l,length(datal3)+1);
ich2=zeros (1, length(data3)+1);
gchZ2=zeros (1, length(data3) +1);

for ii=2:length(data3)+1
th(l,ii)=th(1,ii-1)+pi/2*data3(1,ii-1)./IPOINTf;
end

ich2= [userf cos(th)];
gch2=[userf sin(th)];

SR A R R R R R R R R R R R e R T L R TRy

ncl=round(ndf/nhf); % Number code Loop 20
t=[1:Tf)/fsf; $Time of Signal
z=2.%[0s(necsf=-1)];

z=rot%0(z,2);

for j=1l:userf
for k=1l:ncl
for i=1:nhf
cd=codef (j, (((i-1)*ncsf)+1):(((i-1)*ncsf)+ncsf)) ; & Selecting
code 3 bit by 3 bit
hf=sum(z.*cd);%Code Adaptive into Base 10 (Hop Fregeuncy Layer No.)
fc=(hf*dff)+ (dff/2); % Center Fregeuncy

if dataf(j, ((k-=1)*nhf)+i)

sf(i,:)=(cos{2*pi*(fc.*t))).*{cos((pi.*t)./(2.*tb)));
% ich2; $GMSK Signal of Data"1"
else
st(i,:)= (sin(2*pi* (fc.*t))).*(sin((pi.*t)./(2.*tb)}));

% gch2 ; %GMSK Signal of Data"0"
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end

end
sfl(k,:)=reshape(sf',1, (nhf*Tf));

end
fout (j, :)=reshape(sfl', 1, (ncl*nhf*Tf));

end
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% goldseq.m

%

% The generation function of Gold sequence
%

%

function [gout] = goldseq(ml, m2, n)

% *ii**tttii\h**&i*****\N****i**ir**'ﬁ***i-***i*****************iiii***

% ml : M-sequence 1

% m2 : M-sequence 2

% n : Number of output sequence(It can be omitted)
% gout : output Gold sequence

% i*********ir*i'*i********ii***i*****&i*********iii\ii*****i&*******

if nargin < 3
n=1;
end

gout = zeros(n,length(ml));
for ii=1:n
gout (ii,:) = xor(ml,m2);
m2 = shift(m2,1,0);

end

%****i***i******************* end Of file khkdhdhhbhkdhhrhhhdrrhhrhhhkdhdhdr
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% hrollfcoef.m

%

% Generate coefficients of Nyquist filter

%

function [xh] = hrollfcoef (irfn, ipoint,sr,alfs,ncc)

%*********ﬁ*iiiiii* Variables ok ko ook kodk ke deod e ko ok ok ok Rk s ok ok d ok

$ irfn : Number of symbeols to use filtering

% ipoint : Number of samples in one symbol

% sr : symbol rate

% alfs : rolloff coeficiense

% ncc : 1 -- transmitting filter 0 -- receiving filter
% ii*i**i*****ititi*******************ii*******i*****t*

xi=zeros(l,irfn*ipoint+1);
Xg=zeros(1l,irfn*ipoint+1);

point = ipoint;
tr = sr ;

tstp 1.0 ./ tr ./ ipoint;
n = ipoint .* drfn;
midk = (@ o/ 2§ & 1;
subl = 4.0 .* alfs .* tr; % 4*alpha*R_s
fori=1 : n
icon = i - mid;

ym = icon;

if icon == 0.0
xt = (1.0-alfs+4.0.*alfs./pi).* tr; % h{0)
else

sub2 =16.0.*alfs.*alfs.*ym.*ym./ipoint./ipoint;

if sub2 ~= 1.0
xl=sin(pi*(1.0-alfs)/ipoint*ym}./pi./(1.0-sub2)./ym./tstp;
x2=cos(pi*(1.0+alf5)/ipoint*ym)./pi.*subl./(l.O—subZ];
®xt = x1 + x2; % h(t) plot((l:length(xh)), xh)

else 3 (4dalphaRst)"2 = 1lplot((l:length(xh)), xh)
xt = alfs.*tr.*((1.0-
2.0/pi).*cos(pi/4.0/alfs)+(1.O+2.D./pi).*sin(pi/4.0/alfs)]./5qrt(2.0);
end % if sub?2 ~= 1.0

end % 1if icon == 0.0

if ncc == 0 % in the case of receiver
xh( i) = xt ./ ipoint ./ tr; % normalization

elseif ncc == 1 % in the case of transmitter
xhi( 14 ) =2t ./ tr3 % normalization

else .
error('nec error')

end

end

%************ii***i*i end Ot file LRt R O R e
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% mchirp mod hop.m
¢ Multi Chirp Modulation & Fregeuncy Hopping Program
%

function
[cout]:mchirp_mod_hop(dataf,userf,ndf,codef,ncsf,nhf,fsf,Tf,dff,Pb,Pbl,P
b2, Pb3, Ph4)

clear

dataf=(11 11 1;1 111 17];

userf=2;

ndf=5;
codef=(110100110100110;11100011100011 3 2
ncsf=3;

nhf=5;

fsf=120480000;

Tf=90;

dff=1512000;

ncl=round(ndf/nhf) ;
t=[1:Tf]/fsf;

% Number code Loop
% Time of Signal

z=2.7[0: (ncsE~-1) T 3df f=Wd
z=rot90(z,2);
dfc=dff/ (userf+1); % df Fregeuncy Division for

User

Tc=Tf/ (userf+l); %Tc Time Division for User

for j=l:userf

tcl=[1:j*Tc]/fsf; % Front Time
tc2=[1: (userf+1-j)*Tc]/fsf; % Back Time
ul=((userf+l-j)*dfc)/(tcl(j*Tc)); % Front Slope
u2=(j*dfc) / (tc2 ((userf+l-j)*Tc)); % Back Slope
snr=10.~ ( [0:1:10]./10);
Pb= (0.5*erfc(.82*sqrt(snr))); % BER (FH-GSM)
Pbl= (0.5*erfc(.815*sqrt(snr)));% BER (MLC-MC-FH-GSM (1 Chrip))
Pb2= (0.5*erfc(.85*sgrt(snr))); % BER (MLC-MC-FH-GSM(2 Chrip))
Pb3= (0.5*erfc(.91*sqgrt(snr))); % BER (MLC-MC-FH-GSM(4 Chrip))
Pbd= (0.5*erfc(.99*sqrt(snr))); % BER (MLC-MC-FH-GSM(8 Chrip))
for k=l:ncl
for i=1:nhf
cd=codef (j, (((i-1)*ncsf)+1):(((i-1)*ncsf)+necsf));%Code Adaptive

hf=sum(z.*cd);
fe=(hf*dff)+(dff/2);

if dataf(j, ((k-1)*nhf)+i)==1

into Base 10

% Center Fregeuncy

scl=sin((2*pi* (fc-(dff/2)).*tcl)+ (pi*ul.* (tcl.”2)));

$Front Chirp Signal of Data"1"

sc2=sin ((2*pi* (fct (dff/2)-(j*dfc)) . *tc2)+ (pi*u2.* (tc2.72)));

else

%$Back Chirp Signal of Data"1"

scl=sin((2*pi* (fc+ (dff/2)).*tcl)+(pi* (-ul).* (tcl.*2)));
$Front Chirp signal of Data"Q"
SC2:Sin((Z*pi‘(fc—(dff/2)+(j*dfc)).*tc2)+(pi*(ﬁ



uz) . *(te2.”2)));

end

e (L1 (*e)) =sels

sc(i, (J*Tc)+1: {userf+l)*Te)=sc2;
end

cl(k,:)=reshape(sc', 1, (nhf*Tf));
end

cout (j, :)=reshape(cl',1l, (ncl*nhf*Tf));
end

o

% mseq.m

tBack Chirp signal of Data"Q
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An example
stg = 3
taps = [
inidata = [
n = 2

R P o oC OO of o0 oo o0 o

function [mout] = mseqg(stg, taps,

stg
taps
inidata

Number of stages
Initial sequence

mout output M sequence

00 OO I KK K P 0O

if nargin < 4

n=1;
end
mout = zeros(n,2"stg-1);
fpos = zeros(stg,1);
fpos(taps) = 1;

for ii=1:2"stg-1

mout (1,1i)
num =

inidata(stqg);
mod (inidata*fpos, 2) ;

inidata(2:stqg)
inidata(1) =

inidata(l:stg-1);
num;

end
ifn & 1
for ii=2:n

mout (ii, :)
end

end

The generation function of M-sequence

inidata,

o
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n)

*w**i*****i*******i***iﬁ**i***iii&**tﬁﬁ***w****i**tt****i*******

Position of register feedback

n : Number of output sequence(It can be omitted)

*t****ii***********ii*****t*****i****************************i**

storage of the output data
calculation of the feedback data

one shifts the register
return feedback data

shift (mout(ii-1,:),1,0);

%****************************** end Of file dhkhkhkhhhdhhhhkhhkhkhhhdhdhhk kb
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% msk.m

%

% Simulation program to realize MSK transmission system
%

%

%*iii***********i**** Preparation part koo odkok ok ok kok ok k ko hk ok ok ok ok okok ok ok ok koA

sr=256000.0; % Symbol rate

ml=1; % ml:Number of modulation levels

br=sr.*ml; $ Bit rate

nd = 1000; % Number of symbols that simulates in each loop
ebn0=5; % Eb/NO

IPOINT=8; % Number of oversamples

%i*#*************iii* START CALCULATION deokok ok e de e kok ko ok ok ok ke ok ok ok ke k ok ok ok ok ok ok ok

nloop=100; % Number of simulation loops

noe = 0; % Number of error data
nod = 0; % Number of transmitted data

for iii=1l:nlcop
dokkhk hhkhhkhokdkhkhkdkhdhhdhdhdhhdr kit 1 dodeokodkok kok ok ok ok ok ok ok ok ok ok koA ok ok ok ok ok ok ok ok ok
% Data generation

datal=rand(l,nd*ml1)>0.5; % rand: built in function

%*********i**i**ﬂ*********** MSK Modulation dok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ke ok ok ok ok ok ok ke

datall=2*datal-1;
dataZ=oversamp2 (datall, length{datall), IPOINT) ;

th=zeros (1, length(data2)+1) ;
ich2=zeros (1, length(data2)+1);
gch2=zeros (1, length(data2)+1) ;

for ii=2:length(data2)+1

th(l,ii)=th(1,ii-1)+pi/2*data2(1,ii-1)./IPOINT;
end

ichZ=cos (th);
gchZ2=sin(th);

%*i*ii****************** Attenuation Calculation LtE RS EE S SRR R R SRR R R R TR
spow=sum(ich2.*ich2+qch2.*qch2)/ (nd*IPOINT) ; %sum: built in function

attn=0.5*spow*sr/br*10."(-ebn0/10) ;
attn=sqgrt (attn); % sqrt: built in function

%***********i*ﬁ**i**i*i Fading Chann81 ko ke ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ke

%[ifade,qfade]zsefadeZ(data2,qdatal,itau,dlvll,thl,nO,itndl,nowl,length
(data2), fftlen2, fstp, fd, flat);
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%**i&iii***ttwwi*** Add white Gaussian Noise (AWGN) hkck ok ohhkdh ok hohokok ok ok ok ok ok ook

[ich3,qch3]= comb(ich?,qch2,attn);% add white gaussian noise
syncpoint = 1;

ich5=ich3 (syncpoint:IPOINT: length (ich3));

gch5=qch3 (syncpoint : IPOINT: length (gch3) ) ;

%i*******kiiiiii****t**i*i MSK Demodulatlon tt*i*‘t********ﬁi***i*****
demoddata2(1,1)=-1;
for k=3:2:nd*ml+1

demoddataZ(1,k)=ich5(l,k)*qch5(1,k~1)*cos(pi*(k))>O;
end

for n=2:2:nd*ml+1
demoddata2(1,n)=ich5(1,n-1)*qchS(l,n)*cos(pi*(n)}>0;
end

[demodata] =demoddata2 (1,2:nd*ml+1);

%*******iit********ii*** Bit Error Rate (BER) dhkhkhhhh bk hrhkhk kb ok kh ok hh ok ok

noeZ=sum(abs (datal-demodata)); % sum: built in function
nod2=length (datal) ; % length: built in function
noe=noe+noe2;

nod=nod+nod2;

fprintf ('%d\t%e\n',iii,noce2/nod2}; & fprintf: built in function
end
for iii=1:nloop

%****************************** Data file Fhhdhkhkdbhhdddkhkhkhkhkhkdkhodrddhhhhddtdd

ber = noe/nod;
fprintf ('#d\t#d\t%d\t%e\n', ebn0, noe, nod, noe/nod) ;

tfprintf:built in function
fid = fopen('BERmskZ.dat','a');
fprintf(fid,'%d\t%e\t%f\t%f\t\n',ebnO,noe/nod,noe,nod);

% fprintf: built in function
fclose(fid) ;

end

%***********i*i—***i** end of flle hok ko k ok khk ok h ok ok ok kh ko h ok ok ok ok ok ok
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msk_ fading.m

%

%

¥ Simulation program to realize MSK transmission system
% (under one path fading)
%
%

Feode deodeode ok ok ok ko ok ek ok ok ok Ak a 1 Hok ok ook ok ok ok ok ok Ak ok ok ok ok okok ok ok ok ok ok ok ok ok
reparation part

sr=256000.0; % Symbol rate

ml=1; % ml:Number of modulation levels

br=sr.*ml; % Bit rate

nd = 100; % Number of symbols that simulates in each loop
ebn0=15; 2 Eb/NO

IPOINT=8; % Number of oversamples

%******i*******&i*** F‘ading .‘Lnltializathn drodkho ok ok ok ok ok ok ok ok ok ok ok ok ok ok A

¥ If you use fading function "sefade", you can initialize all of
parameters.

% Otherwise you can comment out the following initialization.

% Time resolution
tstp=1/sr/IPOINT;

% Arrival time for each multipath normalized by tstp

% If you would like to simulate under ocne path fading model, you have
only to set

% direct wave.

itau = [0];
% Mean power for each multipath normalized by direct wave.
% If you would like to simulate under one path fading model, you have

only to set
% direct wave.

dlvl = [0];

% Number of waves to generate fading for each multipath.

% In normal case, more than six waves are needed to generate Rayleigh
fading

no=[6];

% Initial Phase of delayed wave
%2 In this simulation four-path Rayleigh fading are considered.

thl=[0.0];
% Number of fading counter to skip
itndO=nd*IPOINT*100;

% Initial value of fading counter
%t In this simulation one-path Rayleigh fading are considered.
% Therefore one fading counter are needed.
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itndl1=[3000];

% Number of directwave + Number of delayed wave
% In this simulation one-path Rayleigh fading are considered

nowl=1;

£ Maximum Doppler frequency [Hz]
% You can insert your favorite value

fd=320;

% You can decide two mode to simulate fading by changing the variable
flat

% flat : flat fading or not

%3 (l->flat (only amplitude is fluctuated),0->nomal (phase and amplitude
are fluctutated)

flat =1;

ek ok ek ok ok ok ok Kk ke k k ok ok k& Kok kckkok ok ok ok ok k ok kok ok ok k ko ko ok ok ok ok kok ok ok ok ok
% START CALCULATION

nloop=1000; % Number of simulation loops
noe = 0; % Number of error data
nod = 0; % Number of transmitted data

for iii=l:nloop
%*******-‘-i—****************i* Data gE?HEL‘athTI hkdkdkodkodk ok khk ok ok ok ok hkhkhohokokodkohohk ok ok ok ok ok

datal=rand(1l,nd*ml)>0.5; % rand: built in function

%*t**i*****i*i*******i**i*** MSK Modulation Fokkokkdeokoh ok ok ok ok ok hkkok ok ok ok ok ok kokA ok ok

datall=2*datal-1;
data2=oversamp? (datall, length(datall), TPOINT) ;
th=zeros (1, length (data2)+1);
ichZ=zeros(1,length(data2)+1);
gch2=zeros (1, length (data2)+1) ;

for ii=2:length(data2)+1
th(l,ii)=th(1l,ii-1)+pi/2*data2(1l,ii-1)./IPOINT;

end

ich2=cos (th);
gch2=sin(th);

%*****************i***** Atter]uatl@n CalCUlathI’l ok ok ok ok kb kk ok ko h ok ok ok ok ok ok ok ok ok

spow=sum(ich2.*ich2+qch2.*qch2)/ (nd*IPOINT) ; $sum: built in function
attn=0.5*spow*sr/br*10.” (-ebn0/10) ;
attn=sgrt (attn); % sqrt: built in function

%****************i***** Fading Channel hkok ok ok ok khk ok ok hkokkok ok ok ok ok ok okok ok

% Generated data are fed into a fading simulator
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[ifade,qfade]=sefade(ich2,qch2,1tau,dlvl,thl,nO,itndl,nowl,lenqth(ichZ),
tstp, fd, flat);

% Updata fading counter
itndl = itndl+ itnd0;
grasrakakrhrrsussss Add White Gaussian Noise (AWGN) ****xs sk ssssrshhsn
[ich3,gch3)= comb(ifade,gfade,attn);% add white gaussian noise
syncpoint = 1;
ichS5=ich3(syncpoint:IPOINT:length(ich3));

gch5=qch3 (syncpoint: IPOINT: length (qch3) ) ;

FhRoakAokokkoh ok odok ok ok ok ok ko ok ko ok MSK Demodulation dokodkdk ok ok ok ok ok dkhk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok
demoddata2 (1,1)=-1;

for k=3:2:nd*ml+1
demoddata2 (1,k)=ich5(1, k) *qch5(1,k-1)*cos (pi* (k))>0;
end

for n=2:2:nd*ml+1
demoddataZ (1,n}=ich5(1,n-1)*gch5(1,n)*cos(pi*(n))>0;
end

[demodata] =demoddataZ (1,2:nd*ml+1);

%i*ii*#******i*w*k****ta Bit Error Rate (BER) ek e ek ok ok ok gk ok ok ok ok ok ok ok ok ok ke ke ok ok ok ok ok

noeZ=sum(abs (datal-demodata)); % sum: built in function
nodZ2=length (datal); % length: built in function
noe=noetnoe?;

nod=nod+nod?2;

fprintf ("%d\t%e\n',iii,noe2/nod2); % fprintf: built in function
end

for iii=l:nloop

%*k********ii—iiiiii*i’********i& Data f]le dhdkhkk ko hkkkhkdhhkhkhkhkddhhdhohkdkdokhdhhk

ber = noe/nod;
fprintf ('3d\t%d\t%d\t%e\n"', ebn0, noe, nod, noe/nod) ;
$fprintf: built in function
fid = fopen('BERmsk2fad.dat','a');
fprintf (fid, "%d\t%e\tif\t%2f\t\n', ebn0, noe/nod, noe, nod) ;

¢ fprintf: built in function
fclose (fid) ;

end

%*********%******&i** end of file Akkhhhkhohkddokdkhkdkhkddddhkohhdhkok K
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% oversamp.m

2

% Function to sample "sample" time

3

%

function [out] = oversamp2( iin, ntot , sample)

% *****i*******************&ii*i**w*****k***i*iii******t***ii**
% iin ¢ input sequence

% ntot : Number of burst symbol

% sample : Number of oversample

% *********i******i**iii****&*****i********t***i**********&&***

for k=l:sample
out (k:sample: k+sample* (ntot-1))=iin;
end

%*****************i*t end Of file ook ok ko ok ok ok ko ok ko ok ok ok ok ok ko ke ok ok ok



% rx _filter.m

% Multi Receiver Filter Program

function [fout]=rx_ filter (Nrf,Gpf, TBf,Tf)

Nrf=60;
Gpf=8;
TBf=2;
T£=256;

wn=(2*TBf/Tf) ;
fout (1, :)=FIR1(Nrf,wn);

for j=2:Gpf
wl=(2*((j-1)*TBf)/Tf);
w2= (2% (j*TBf) /Tf) ;
fout (j, :)=FIR1 (Nrf, [wl w2]);

end
x=1:Nrf+l;
plot(x,fout(l,:),'—',x,fout(Z,:),'-',x,fout(3,:),‘—',

X, Foue (4, ) ; "= 8 TOUt (S, V=it _

" ..
'x'fOUt(6r:)r"'rX:fOUtW,:);'*'rX,fout(B;:);"');
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% sefade.m
%

%t This function generates frequency selecting fading
%
%

function[iout,qout,ramp,rcos,rsin]:sefade(idata,qdata,itau,dlvl,th,no,it
n,nl,nsamp, tstp, fd, flat)

%*****&ii********** variables ok okok ok ok ke ke Ak ok ok ok ok ok ok ok ok e g ok

$ idata input Ich data

% gdata input Qch data

% iout output Ich data

% gout output Qch data

% ramp : Amplitude contaminated by fading

% rcos : Cosine value contaminated by fading

% rsin : Cosine value contaminated by fading

$ itau : Delay time for each multipath fading

% dlvl : Attenuation level for each multipath fading

% th : Initialized phase for each multipath fading

% n0 : Number of waves in order to generate each multipath fading
% itn ¢ Fading counter for each multipath fading

% nl ! Number of summation for direct and delayed waves
% nsamp : Total number od symbols

% tstp : Mininum time resolution

¥ fd ¢ Maxmum doppler frequency

% flat flat fading or not

% (l1->flat (only amplitude is fluctuated), O->nomal (phase and amplitude

are fluctutated)
%***********ﬁiriri-******************i***ii&l—********&i***

iout zeros(1l,nsamp) ;
qout = zeros(l,nsamp);

total attn = sum(10 .~( -1.0 .* dlvl ./ 10.0));
for k = 1 : nl
atts = 10.7( -0.05 .* dlvl(k));
if dlvl(k) >= 40.0
atts = 0.0;
end
theta = th(k) .* pi ./ 180.0;
l[itmp,gtmp] = delay ( idata , gdata , nsamp , itaul(k)):
[itmp3,gtmp3, ramp, rcos, rsin] = fade

(itmp, gtmp, nsamp, tstp, fd,n0 (k) ,itn(k), flat);

iout = iout + atts .* itmp3 ./ sgrt(total attn);
gout = gout + atts .* gtmp3 ./ sqgrt(total attn);

end

% *******i’****************end Of fileii—****Ir***i************************
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$ shift.m

%

% Shift the contents of the register.

%

%

function [outregi] = shift(inregi,shiftr,shiftu)

% ****i*************ii*i*l’****i*ii*i*******iii***i****i*i—*&i*****&
% inrege : Vector or matrix

% shiftr : The amount of shift to the right.

% shiftu : The amount of shift to the top.

% outregi : Register output

% *i**ir'lviivi-ﬁ**t*****irJ-ii*ir*******i*iﬁ********i********************
[h, v] = size(inregi);

outregi = inregi;

shiftr = rem(shiftr,v);

shiftu = rem(shiftu,h);

if shiftr > 0

outregi(:,1 :shiftr) = inregi(:,v-shiftr+l:v ) :
outregi(:,l+shiftr:v ) = inregi(:,1 sr=sHiTET)
elseif shiftr < 0
outregi(:,1 :vtshiftr) = inreqgi(:,l1-shiftr:v ) ;
outregi (:,v+shiftr+l:v )} = inregi(:,1 s=shifer);
end
inregi = outregi;
if shiftu > 0
outregi (1 th-shiftu,:) = inregi(l+shiftu:h, L
outregi (h-shiftu+l:h, :) = inregi(l ishiftus:);
elseif shiftu < 0
outregi (1 :=shiftu,:) = inregi(h+shiftu+l:h, )i
outregi (l-shiftu:h, 1) = inregi (1l :h+shiftu, :);

end

%***i******i&i***i—*******iiti end Of f]]e i—******************i*********
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Abstract

This thesis proposes a study and performance analysis of Multi Linear Chirp Frequency Hopping Code
Division Multiple Access (MLC-FH-CDMA) on Rayleigh fading channel. This study will present the effect of
multipath fading channel, which is the phenomenon occurred in the most commercial wireless communication
environment, on the MLC-FH-CDMA, which is the new system developed for improving the performance of the
traditional FH-CDMA. In this paper, Rayleigh fading channel model, one of the most frequently used models for
multipath fading channel, is selected for simulation. After simulating the MLC-FH-CDMA system and Rayleigh
fading channel, the performance of the system with and without the fading channel are compared and presented in

form of Bit Error Rate (BER).

o < = {o o A
1. umi Faliz Tomid Wyvesszuy COMA Ao annsoniy
luilhgfuszun coMa Tagmimn g1y Anuyvedszuy  1dmdslunmisdidn uaznude

sgnuwsnawluszuumsdeas moF s dynusunaunuuanag'18a (1] Taeszuny CDMA



Tuibypiudszneudolszinnmdngeg s uuy fe
DS-CDMA, FH-CDMA, TH-CDMA, CSS-CDMA 1122
'da Ve - Y &
HUuHTU[2] uantoul¥ 2 nuy Ae szuumsidie
warwni laominenniesiauuumisvalaoasa
(DS-CDMA) tiaz  szuumisiditanatomalae
wyeAMIsHauuunsz TaanudMusHe  (FH-
4 & 4 o
CDMA)  Favamesszuviezldsda  pN
(Pseudorandom Noise Code) t’l‘lmfmﬁwﬁfgmﬁauﬁu
HAIZUANANAUNTZUY DS-CDMA i3 any
dymdeyalavase dmszuy FH-CDMA 1214
s PN Tumisaaugunmislasunensz Taannud
a 3/
voadyIudoyn
32UY FH-CDOMA 1dgnuiudsalaonldou
Tuequaanazfuogaauniunuuidwmaion i
Wadu(Multi Linear Chirp) Minauslu(3] unuh
wuuAnn 1438 BFSK Minauelu [4] seiuldh
4 a '
3%UY FH-CDMA  &udu liaunsousnuszaiiy
" o ' vy vt o @ = o
uanANvaITIMuAazA 190 T By a
vurlugasia PN vesaesd 1¥wiouinniniall
A Whumaly o $ranoniuinsdansed
A1 a o 4 ¥ o q Wa
AnutdmRenuinldou inliidailyminseu
4 . - v A e
Anutveandazd14vu nailodiulzudmusn
woMEANUIANA 1Yo Ty Y uuAazd1duas
v = ' [
udlymimsruanuivewaazdlyla
nisezisruui Ty 1dausaudy
4 ¥ 4 A a4 a
szvudemis1iiais Fallwansznuiiinoin
FOIFYYIMNTIMIONDITUNIY (Multipath
. 4 sda A a
Fading Channel) uihnlsingmisaifinaiuaialy
¥ Y a 4 ¥
ANNLIANBUVDINT THUTMIsVesszuVTems 13
A aa 4 a ' o
M0 FINTINAY ATUINGOGUINUIL UNATILATTY
d'd o “ L
AR I nauemMs AT AN s 0UE Y0 155U MLC-
FH-CDMA uu¥eadqionisoemionaiodunia
o ANy A £ E o
Tagunanuaivi ldiden ¥ nguijvesdyginnis
viamonuuisials] Tavvznanawazidealuiidod
2 UALD BV INANNITUAZAININIUVITZUY MLC-

FH-CDMA lwiaded 3 dauluiaden 4 s=iilunis

122

Muau BN NATIVITNANI TN UVDI¥ O Ty e
S e b
NIV 0D NABIZUY MLC-FH-CDMA
2. NYBIYOITYYIMDIIMBIDUNAIWNA
Taoia ldms 1o Tnsfimiindouvead 1y

¥ .
& e e =

unegganinnuauhify 3 was dniudyyiui

' -

» .
daruIzIiAnsazNouiuRuAUNIadIA1g s0U
; e T
fretramdnidoild Famsazfouvesndumanil
darn idyapuiniv1dinnimlsz neudodyy
= ' ' 4 a o
Aunsmninniadannnimisiamann: Taona
¥
udrdyymmariiinezdumaniiniaiudiona
™ R & v
fuanataiu naslivuiafiuananiudoiedoygy
v qv ¥ o ¥V aa -
martinsmdindeiu e 1ddygruitiuemnlige
a " e A '
wWasunlaahlediann dymiilivesonin msea
" o g o A -
wisnawdunia Dl Snswada
o a J A o - o
naniznuiinavuieihilymyaimsinaaeiulass
a | ¢ a 4 o (R
FddmAadsznoudas e swnisdariu
o v aa aa a
dyanalayrenianutidos £, Ausundya
Ve 4 o o ]
iy a deviwuaaalugdvessnd Tnuuidoa
a9 14
Wadousz 18
sl)=a exp(jz;zfut) (n
»
@ o A w ' ' o
dyrwiiie 1dTunsdioudesdyyiu
»
mInamenmodun maiuez1dudyanwi
ninnaoiam i Taolueunaganazilain)dounlog
: »
uanasiu Tl e dyapudiuais 9 mariiuuan

saunune ldiu

r(t):ia, exp{/‘[2:fr(/D +f, cos 6,} +¢,]}(2)

= o = »

Tuaunis Tdaunanidyyrunsuld
Winua nidunn uaazdumadieundganiiy
- o " = ¢ v e
a, dawdaiiny ¢, uazmnednlasiFWdniny
- 4 ' dd o a -
f,cos0,  FuilumAAtusviamanismidaves
o = v a 4 o oo
dyruisuiviamuamanieoutivesglnsaisy

ar

dynm (0) wazdr aelilosidddgeqadie

Fa=

% ilodagUdyinlmie: 14
rl) = exp(jl:zf,,l )" a, exp(j[Z:y", cos Ot +¢, ]} ()

. ¥
o =

dnnszdndygyiui 1 miz 185



n

rexp(jd)= Za* exp(}[2ﬂ_7"_, cos @1 + ¢5,D

1=l

= Za‘ COS(ZJU-J COSG,' + ¢1)
— (4)

+ jz": a, sin27f, cos 01 + @)
f

4 - v ow {n’ » ar .:
s ovounnuduius i inszduiulugilves

-
aunls xuay y Al

rexp(j¢):x+jy (5)
Tau
n
x= Za, cos(27g’,, cos6,1 +¢,)
i=1
WAz y =Y asin(24f, cos,r+¢,) (6)
1=l
uaz rf=x? 4yt (7
X =rcos¢ (8)
y=rsing (9

3. 5¥UUMSTOMINUY MLC-FH-CDMA
a’ 5] 3/ ’
Tuszuuiiveiimsvegandoyaludiu
ﬁ?TUﬁUBﬂvlﬂﬂﬂTﬂuﬂ (Data Modulated Band #3®
Frequency Hop Band : Wd) azsWd PN vzgnadi
I 4 : —_ y 4
yumve Wudaz g 1405 via PN Uszidn 1 e daly
o ' " oy ' o
W PN uiazyavzgniniaeamilugienaz k duav
- o ¥ o < =
udavagmirhl1Fauqumsdansinianuiuna
dyapahignueqea iy luawsedunwi 1
oilidmuaamd wd nszlaanud lihinaiuan
salundazaiavees i PN aanuduiusaail

Jen = Sem + Uy, =W, (10)

Iy =12l
L=2" (1
Taun
1, Aoszdumsnss Tnanduivesd14i m
L Aodmmveaszauminis Tananuivamma

AOAUDNANVD IO VANLANTNIE TnA
ch

S AoAnudnanvesszauninse Tnanud

=n.

123

I
- e ]

&4
HINTI ﬂﬁtTﬂﬂﬂ'ﬂljﬂﬂﬂiUﬂ'ﬂﬂd wd woy

Tugmianuturvein (Spread Spectrum Band : Ws)

¥
o A

[ (Y] ¢ o
Tasfianuduiusnudai

G, =—= =24 (12)

Tao#
G, Avdaivuon1siszuiona
w, Aedmanudanlsamilaniy
a a ¥
W, Aniuanuinegiandoyn
& fAod s luginans: Taaanuii(Hop
duration)
A o w a a ° Vet o
nazioidyyrudwiadun i Inisa
nisilasuaudiFadunse Chirp Slope 1 2 s¥dy
P o
luniismunainselanawd (7,) luszuurs-
coMa TaomisdasmsuldounrudiFaduiy 2
123 70 FINTNUATINAL (42, , 41, ) udD dyay o
ANy a2 A ’
ildnnnszuaunsiiveidnsuyzilsmaununn-
- Y " 4 a
ALl TAunnndmilgpldyanamsiznaunse
AMUARIBAI A 4, uaz 2, Wiiva1oeas 18 Tao
v »
MNINGUANND (W) tazamunamanua (7, ) i
' ' ° ' 4 ' ' a
wauga S M1 999 ez 1dgnmennud
HAAZTRNAY Af 10 TRANOAIZFIIMAY
»
I, Taof of way 7, fmdudmdidylums
ANDUMIAY g, 00z 4, NeadIuRIe dygy i
Aa o - - & '
i1l 4 vangdasmanuaignadatueziidiu
a ’ fa A e oW -
anwioglugrmuudianidvadudaanalugli

4 v w A & Y AlY aw =
VIHUN ﬁﬂélmu“u[‘ﬁ'r\“'ﬁﬁlﬁuﬂ1ﬂﬂz“ﬂﬂ51n15lﬂﬂﬂu

¥
@ o

ANUIFUTY 2 52D Nanuas Iy M doin o

o _ ar = =

Tlniniu e nbdyaradwdadusianuaign

il

s

¥
ad it lfiiudyguveddld Suuniiy M

Aldud uAazd v dyanandmiFaduiaziwa a
HATMILANAITUYD Chirp Slope 398113 0LHONLBE
dyauvosdazdly eannniu'ld danihezedlu
' o w o WV o a
dwanuieIi Taoswzdmuaidygin @n
aa W - o EY) R 3
varwAnuiFaFumEnIumudeya 10 uazli
dygrodnnmsanuiiFadunumdne unudeya

0



Freqeuncy

e

Tw 3
Time
i 1 dygpuntinsuegoanuudEwralonnutiza
idudmivszuuntiglFan 7 414
raa o @ a1 4
AnNaNudRydnaImialunsueqian

LY MLC fiD fmagual-anuningesdyn o

¥ oo
L

4 VoA
(Time-Bandwidth Product: TB) &aiilus fivenisnui
TunIn1AA N (Frequency Sweeping)Uaadayny
MLC Tumanaranuninresdyyiu Taouaas
¥
ANUFURUT AT
TB = (M + 1)TAf (13)
Taoh 78 Aewagunr-anunireadyam
M o ¥
p AeduaudlFam
- AA '
Af Aeanudnniailudaug
1A832UY MLC-FH-CDMA 1201/0n15151
AadnaveuaImanNuinizlaa( 7, ) lu
auMINegandyy I MLC-FH-CDMA TiiJdou Ty

»

AW PN Sequence vaanaazf 14 Tuanmsi(n)1dsail

o€

M
Z Zpu“—"ﬂ. )8y (1) (14)

n=—x m=1

Taoil
S (1) = S gy ()4 5 (0) (15)
Spll) = Aco{zrr[fl,,l +[1,, -1 7%]% } + b(r)yﬁ,,ml}
| 0<t<mT, (16)
fm =L+”'I‘T”’ﬂ (17)

¢

124

2”’[fum + (Im -1+ E‘QJ}VJ = b(l}mnf}r— mT)
S (1) = Acos 5 2

+ b0ty (t = m T, )1

ml, <t<T, (18)
mAf
SR — (19)
Hbm (M +1-m)T,
ik (20)
M+
M 2n
4 (M+1)

A a
1, 1iie Sadoyaihi 10 (Up Chirp)
by =
A4 a w 5 .
-1, iie Hiadeyaihu *0' (Down Chirp)
0<t<T,
1AM w1, Ao AuFuvUFHA MU NYDIRTE m
el s a 0 [ L
iy 1D ANUFUYDUTWAUN VO NY m
=] o @ 3
m  fin MAUYDINlY
T, fefmInInIeguel seniia
T, fie nainiailudiug

«

o e VoA »
plr) Ao Wadvinaniiamizsinaneg 7,

4. MINADINITNANIY
¥
dmiumsiineinianauvedszumiu 14
" v ' &4 @ o
witeeniudIumn Fuansdaudenlaezunsylu
3 2 Tagludiuvesszuu MLC-FH-CDMA W
» .

mAaduaznasiuindnnmsuazaunsaan ldnan
Pwiaden 3 nazmisdinesnisiiauves
YoadyyIunIsmonusia lnol¥aunisnld

nanluiden 2

5. MINAADIUBZHANTNAADA
naanni IAinsimeenisiauvesszuy
» ar o
MLC-FH-CDMA 10 ¥03d 09100150 19M00u L5 0
a ) A o v oa a0 w -
a und weimualdmdunlsidinyuess ool

Ed

swaziduanaiine  A1daIvoenisUizulang
(Processing Gain: Gp)lﬁ1ﬁu 32 MufAD M k =35, i
AMOIVOITHA PN = 255 Taoidenmsasasva

HUY  m-sequence  uAd3 1 Tdsunsuviraulao



~ s o ' -
GonldTsunsuimesmsiauvesresdygiums
PIMBILVIS 03T WAWNB MM AT TOUTYBIST UL
vugeIdyyIunsamondmiinmisnlivuiouna
A 4
NMIMIANYINAINF 510 INNITs NN

. a ¥ o -
Foadygiunsnemonandumaldnanagin 3

<
016
Data Source ML Tx. Signal Rx. Signal
L 8 Lt Mixer r * L <
Madulation
- -
-
Fregqueny
Synthesirer AWGN  Mulipath
* Fading
PN Cinde
Generator
(n)
7 Estimated
Rx. Signal | MLC
" Muxer LS Data .
Demodulatonn
.
Frogquency
Synthesizer
N
COPNCode
: Generator ‘
(v)
- o '
i 2 vaenlaezunsuvesszuum) nndr (v)
&
nnay
10
Yo e :‘t-:“’““*— i,
e g T
3 " s
© ~
s 107 N -5
F AN
N,
10’ e
—=  Nor-Mulpath, User = 5 \
Non-Multipath, User = 20
~& MuMtipath, User = 5 N,
Multipath_ User = 20
i .
10 = i
0 5 10 =515

Eb/No

317 3 u@AIA1 BERYDI3ZU1 MLC-FH-CDMA U

]
[l o

Foady NN IMoIDUIS 68 naz¥e Ty v

4 " A o ' ar
Ahifimaviame diedisnoud1 ¥ luszvumiii s
oz 20 414 oA TB Mty 7

NNl 3 sstudiaussouzueszy

MLC-FH-CDMA #istaudldluszyumiiiy s uaz
A v o ' " Y
20 szanauiedidyauAIMT 0T IUNT 1IN0

nmodunanusda  wazdesudldauly

125

2 &
sruumuiu Mldaussouzvesszuy MLC-FH-

. »

CDMA fiHsadyginnisoamoiindaamiiouy
n3tii hikugeadyyiumsamonarodunia
»

3 ™ a ' A4 -
Moandransznuiuseiioonin nazilewosm
Wisuifsunumaliaeuie BFSK Haveaduiu

v " a ot ar -
AlFnuuuresdygy s namonuuis anaz i 4
»

WIUNAUITOULVDITTUY MLC-FH-CDMA 111
= " ' ] o A =1 - s -
anetnunulade ienlSvuivudiuszumau

» .

BPSK-FH-CDMA  u9n11nWURaNsEnuMnNALIN
t1uauf1¥0ilidessuy MLC-FH-CDMA Yudana

£ ' A - ar -
YeoniulenTvuMouiussuuiay

i £
—=  MLC-FH-CDMA, =5
* MLC-FH-CDMA, User=20
~a- BFSK-FH.CDMA, User=5
BFSK-FHCDMA, User=20

©/BA Error Rate

3U#1 4 1amef1 BERYIIZUY MLC-FH-CDMAlRE
BFSK-FH-CDMA uugeadyiadilinig :amouy
168 wedinnudlFluszuuniiy s uaz 20 14

UazA TB MR 7

o i b e

—  NonMultigath, TB=1
-~ Non-Multipath, TB=9
& Mulipath, TB=1
= Mutipath, TB=3
2]
10
@
2
. P
810
w
o
- w
0?
f e

U 5 1A IA1 BERY8I3ZUU MLC-FH-CDMA LU

Aoy InRTINTvRMoIIE 3 nazre Ty




an 1A A Vo a4 -
luiinmsneme wes TB iy 1 nax 9 1ileil

gl Fluszuumiy 5

fhig =
He —= MLC-FH.COMA TB=1
MLC-FH-COMA, TB=9
(- BFSK-FH-COMA TB=1
EFSK-FHCDM&VTE‘—‘J’
1 "‘"--.3,_‘_“—
o T
8 e
3 <o
T,
5 ~
SR ~
S .
A Al 3
3 |
1 . \
: g i} 5 10 15

MRS ¢ CEtNo
U4 6 uaAIA1 BERYDITZUY MLC-FH-CDMA uaz
BFSK-FH-CDMA UU¥0dyy 1wz oa natiad
TB 11U 1 uag 9 waddnnuglsluszuumiiy s
g S e w oA as 4 a [] a L4
Audshddgdnamiaiimatnning ey
fifte MAmaguna-Aun e sdywin (TB) 910
31U 5 92NN S0UZ YT U MLC-FH-CDMA
AWAANNIM-ANUNINT o T Y INNIAY | uaz 9
WOANILBAIUTBITYY I DI aoFuN
. . ¥
nUUsad uazdl TB Hududenaiinalfaussouy
YD43¥ VU MLC-FH-CDMA AT 0 d 11015979
dvdJ - o dﬂ; (B " [
wwlidvumieunulunsain lidigesdygiuns
¥
vamomadumaiivauanansenuiuezinnn i
uazloNvITUIHAAIHAWMIIAI-A2 1N Y]
Wivuiouiuszuudy vugesdynmnisianio
- g v e " @
30 6 vmvudila TBunue: hidamaduszuy

BFSK @@ ananinniny 52Uy MLC

6. aplwaminaaea

126

nnwansnaneaaaa i mssous
Y93ZUY  MLC-FH-CDMA  tijedariiu Ty
FoadyImnIsvemonuuisda s indasna
Fawaavaslindoymisonitszun BPSK-FH-CDMA
@Sl nuehiu defins sndunlsdeg it
Ay SoudlFauluszuy nas /i B udaee
Wi uugesdaygiunsvamoiu fudstades
sedsmaiosmniieiinigaiy Fuusaagy 189
321 MLC-FH-CDMA 1 amnsadfumadonniled
aulwazermni ldszgnaldluszuunisdems

Tudamaisdsae 1114

6. 19NT1391989

[1] R Prasad, “CDMA for Wireless Personal
Communications”, Artech House, London, 1996

[2] H. Harada, R. Prasad, “Simulation and Software
Radio for Mobile Communications”, Artech
House, London, 2002

(3] @uod MssETy, auor yumz oy, Mg 199
wia, msUmlgnlizaninimvesszundems
FH-CDMA faomatiamsuysidouanudida
1ﬁ'u11unﬂmmﬁummﬁ", Mms manszia,
W11 35-40, TUNAN 2546

[4] R. E. Ziemer, R. L. Peterson, “Digital
Comunication and Spread Spectrum System”,
Macmilan Publishing, Newyork, 1985

[5] S. Sampei, “Application of Digital Wireless
Technology to Global Wireless Communication”,

Prentice Hall PTR, 1997



¥o-Umana
s r=1 s | =
M mou Tine

Mo

[

Usziamsdny

Usziamsviinu

127

EERIAA T,
wworiug e
22 fiuiou 2512 ASanIaunsAIsIsuI Y
4 Mmj S HVINNTINA WAAAITY njanmaMIuAs Tns 0-2887-7833
2544 Fnssumanstudin MvinisnisyInsauuny
unTnoduma Tulatsyuanadyys
Paguemisdlszdhiamimnssudidnnsotinduas Insnunnay

unTInndauma TuTads 1 suanangunm



