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MNepiAnyn

H napouoa epyaocia amotelel pla peAétn enidoong evog dual-hop acUpHATOU CUCTIOTOC
ETKOWWVLWY TO ormoio efunnpeteitat amd avopetadoteg (Relays).. E€etalovral ol
TEPUTTWOELG Kal Twv U0 eldwv avapetadotwyv: Regenerative Relays kat Non:Regenerative

Relays.

Mo CUYKEKPLUEVA, OTO TPWTO KEDAAALO YIVETAL LA ELOQAYWYN YLOL TQ XOPOKTNPLOTIKA TOU
acuppatou KavaAlou diadoong. Mapouotalovial oL CUVAPTACELS TIUKVOTNTOG TBavoTnNTaG
(PDF) ywa Tnv katavoury Nakagami-m, tnv katavoun Rayleigh, n omnola amoteAel-pia eldikn
nepintwon tng Nakagami-m katoavopng, n katavour Rice kal n katovopr Generalized-K n

omola eival nepintwon Composite Fading.

2T ouvEXEl, oto SeUTepo KedaAalo pehetatat-n-UéBodog¢ Moment Generating Function
(MGF). Ztn Bswpla Twv MBavoTATWY KoL 0TN OTOTLOTIKA . moment generating function piog
tuxaiog LetaBAnTAG amoteAel évav eVOAAOKTIKO OPLOMO YLa TNV KATAVOLN TG Bavotntag.
OL mpooopolwaoel; adopouv ot Pndlakeg -Srapopdwoel BPSK kat QPSK svw ta

nieptBarlovra Sladoong xapaktnpilovrat.amo. Ti¢-katavoues Nakagami-m kat Rayleigh.

210 Tpito KepAAalo MapouacLdlovtal Ta- AMOTEAECUATA TNG EMIS00NG TWV OVAUETASOTWV.
Katapyxag, pehetnBbnkav ot-Non. Regenerative CSI (Channel State Information) Relays ot
omnoiol YeEAETOUV TaA XOPAKTNPLOTIKA TOU KavaAlol Kal pe Bdaon autd anodacilouv to Gain
e TO omoio Ba MEAAATTAQGLAGOUV TO ELGEPXOUEVO onpa. EvOelKTIKA tapouatalovtal Kal ot
TWMEG Tou Gain Tmou emAEXONKaV. amd- Tov avapetadotn yla diddopeg meputtwoelg. Ev
ouvexeia, gfetdletal n-mepimtwon twv Non Regenerative Relays with Fixed Gain, émou
vivetal pla obykplon ocov adopd-.otnv T tou Gain mou emAéyetal. 2To TEAOG TOU
kedpaAaiov. awtou, mapouotalovial Ta amoTeAEopOTA Yyl Toug Regenerative Relays oe
ouykplon pe toug Non Regenerative CSI Relays. Ol mpocopolwoelg €ywvav o€ eplBailovia
Slokeipewv-. Nakagami-m kot Generalized-K, evw ot ynodlakég Sapopdwoelg mou
xpnotpomnowifnkav nrov-ot QPSK kat 16-QAM. H enidoon twv avapeTadotwy HEAETATL WG
TPOG. Tou¢ publovg abaApdtwy SER kat BER. Ta kaBe ypadiky mapdotacn akoAouBei o
kwdikag matlab mou tnv uAomolel, evw oto télog tnv gpyaciag napatiBetal pe tn popdn

TOPAPTAUATOG CUVOALIKA O KWELKOG YLt OAEG TIG YPOPLKEC TIOPACTATELC.



Neplexopeva

=01, 1 PR, 1, e SO SRS s i
TLEPIEYOILEVOL. c...vveeeeeiieeiieeeieeeeteeeetteeeteeesteeeseteeessseeesseeessaeansseesdsneesssbasensesonineesdsessonnee st 1
KOTAAOYOG ZYMOTV .ttt ettt ettt ettt e eaeesieeeaneesaesaneesnneeSheSnneeshesanaesnnaend V
1. KANAAT ATAAOZHZE ..ottt sde e S s e s ia et sh e e e e et b e 1
1.1 Rayleigh Fading.......cc.coeoiiiiiiieiecee e s sne e Fn e e e 1
1.1.1 Matlab script for Rayleigh PDF ..o i e 3

1.1.2 Matlab script for Probability Density of O.........ccoo it 5

1.2 RiCIaAN FaAQING....ccoviiiiiiiieiecieeie e e e Saa b S et 5
1.2.1 Matlab scripts for Rician PDF ...........cicioi e 7

1.3 Nakagami-m FaAding .........ccooiiiiiieiie i i eeiee et et svee e svee e e esereeeeree e 7
1.3.1 Matlab script for Nakagami-m PDF ....c.occ...ccc..liiiinnii e, 8

1.4 CompoSite FAdINg......cccuveiiio s i i e s e e et e et esaee e e enne 9
1.1.1 Matlab script for Generalized-K PDF.......c....cccoooiii, 10

2. MOMENT GENERATINGFUNCTION ... .o i e et 12
2.1 E1OOYOYN vveeenreeergleregtntinseeessns iy e eennsessBombuge B eeeeeseeessseasssnsesssnnesssanessrnnessrnnesss 12
2.1.1 MGF for Nakagami-M ...........ieiieeerieeieeiee et 13

2.1.2 Matlab script for Gamma PDF ...........cccooviiiiiiiiiieee e, 14

2.1.3 Matlab script for SER with MGF Method..........cccceevvieiiiiiiiiieeee. 16

2.2 TIPOGOLUBLMIOT ..o truiinseenins oo o eresoneeeesseeesssesssssassssnssssssassssnssssnsesssnsessranessranesss 16
2.2.1' Matlab script for MGF method vs. Simulation..........c.ccceceevvevieniencnnene. 20

3 RE L A Y Tt oo iieee Hhainge e esnaaTenseesseesesssesssessessstessassesssesssessessseessessesssesssessasssesssans 22
R I I 21T T S U PRSPPI 22

3.2 Non Regenerative REIaYS ......c.cocieiiiiiiiiiiiiiecicetee e 23
3.2.1 Channel State-Information Relays.........cccccovvieiiiiniiiiiiniicieieeee 23

3.2.2 Fixed Gain Relays.........ccoouiieiiiieiiieciiecee e e 25

3.2.3 BHNA REIAYS.....eiiiiiieiiieee ettt e 25

3.2.4 Semi Blind Relays .......cccoooiiiiiiiiiieiieieeeece e 26

3.3 Enidoon Non Regenerative CSI Relays........coccveviieiiieiienieeiieieceeeeceeie 27
3.3.1 Matlab script for SER of Non Regenerative Relay in Nakagami-m ....... 31

3.3.2 Matlab script for BER of Non Regenerative Relay in Nakagami-m....... 32



3.3.3 Matlab script for SER of Non Regenerative Relay in Generalized-K..... 35
3.3.4 Matlab script for BER of Non Regenerative Relay in Generalized-K ... 37

3.4 Enidoon Non Regenerative with Fixed Gain Relays..........c.cooooieiiiionnnn i 40
3.4.1 Matlab script for BER of Fixed Gain Relay for BPSK in Nakagami-
IIL .onnerrenrereerenneesersseneesoerenteesanseareeeessarsensessoreecessansensessor ffiesins Phugoee Gl - Ty 40
3.4.2 Matlab script for SER of Fixed Gain Relay for QPSK in Nakagami-
151 OO RO PSRUOUPRUSPRTOUOPURUORURUOUPPRUPRRRPRRRRORRRRT s - i o, . 10y Mol NS, . e 42
3.4.3 Matlab script for BER of Fixed Gain Relay for QPSK"in Nakagami-
1 4 PP PTRORRUUPORRRPRTRT S . . S . SO JUSREin s, SR 44
3.4.4 Matlab script for BER of Fixed Gain Relay for BPSK in
Generalized-K........oooiiiii e i e e e 47
3.4.5 Matlab script for SER of Fixed Gain Relay for QPSK in Generalized-
(O POOOPUOUPPRORPPROOUPIOPPRRRPR . . 1+ WIS Yy W SRR 48
3.4.6 Matlab script for BER. -of Fixed- Gain Relay for QPSK in
Generalized-K...... ..o B i i o e st esme e e e seee et eeen et eneaneneenans 50
3.5 Emidoon Regenerative Relays (Decode and Forward).........cccveveiieieiieennnnnn. 53
3.5.1 Matlab script for. SER of ‘Decode and Forward Relay for QPSK in
Generalized-K..... 4 . o ceee s oo Bt T e eeeteeeeeeeteeresee st eseneeesneeanes 54
3.5.2 Matlab script'for 16QAM Comparison in Generalized-K........................ 55
3.5.3 Matlab script for QPSK Comparison in Generalized-K .......................... 57
4. BYPBAMOYPOPUKEG AVOUPOPEG...e.vveiieiaereenraasireereensreenseesseeseessseeseessseesseesssesnseessseasseessnes 60
Mopdpnuo A. TToPEOE0T] AOYIGHIKOU:. i et sieieeeeieeeieeieeeieeeiee et eeeee e e seaeeaeesaaeesseeeenes 61



KatdAoyog Ixnpuatwv

Ixnua 1.1 Metatpornri KapteolavwV 0€ MOMKEG ZUVTETOYHUEVEG c.uvreeeererrriecrsivneeeeensssnsineessasesanns 2
Ixnua 1.2 Probability Density Function of Rayleigh distribution ........coiiiee e iiiee s ies sieeeensen i 3
IXAHO 1.3 Probability DeNnSity OF B......eeiieiieieiiiiiieeeeiiieeeeeiieeeeesassesconnreeeeesiassaeeesinnsaeeesssens siusen 4
Ixnua 1.4 Probability density function of Rice distribution with 6=1 i..iveiic i i 6
Zxnua 1.5 Probability density function of Rice distribution With v=1.....c...iiuieeeierinneeenineeesneenn 6
Ixnua 1.6 Probability Density Function of Nakagami-m distribution . ....c.....cccoe iiniinneeeeinnneeeens 8
Zxnua 1.7 Probability Density Function of Generalized-K Distribution ... .. eeeieeeuiveneueeesireeennnes 10
Ixnua 2.1 Probability Density Function of Gamma Distribution.ic.iv..eceeeeiiesienneeeeecveeee e 14
Zxnua 2.2 SER of QPSK in Nakagami-m fading channel ..o e iine e 15
Ixnua 2.3 SER of BPSK in Nakagami-m fading channel (m=2) ......c.iveeeeeeieeeeenineee e 17
IxAua 2.4 SER of BPSK in Nakagami-m fading channel (m=3)....cciiiiiiniiiieiiiieee e, 17
Ixnua 2.5 SER of QPSK in Nakagami-m-fading channel (M=2):..iucccvveeiieiiieeeieiireee e 18
Ixnua 2.6 SER of QPSK in Nakagami-m fading channel (m=3).ic..cccovverieeiiieeiecieee e 18
IxAua 2.7 SER of BPSK in Rayleigh fading'channel- (M=1) w.........cccocvreeieiiiieeeecieee e 19
Ixnua 2.8 SER of QPSK in Rayleigh fading channel (M=1) ........ccccovvuvirieeiveieeecireee et 19
IxAUA 3.1 Baotkr apX AELTOUPYIOG OVAUETAEOTN ..ot euurereeeeireeeeeeireeeeeeareeeeeerreeeeeearaeeeeenneeaeas 22
IXAUOL 3.2 DUal-HOP GUOTNILO ETUKOLVWVIOG. .eeeeeieeeeeerrereeeereeeeeessreeeeessseeeeesssreeeessseeeeeesseseens 23
IXAHO 3.3 KATNYOPLOTIOINGI] REIAYS. .. . ieieiiree il eiiieeeeeciteeeeeeiteeeeeette e e e e careeeeeeasraeeeeesaeeeeenneeeeas 27
Ixnua 3.4 SER of CSI Relay for QPSK modulation in Nakagami-m fading channels..................... 28
Ixnua 3.5 Gain values form=1, m1=m2=2 in Nakagami-m fading channels.............c.ccccescvvrrnn.e. 29
Ixnua 3.6 Gainvalues for m=4, m1=m2=6 in Nakagami-m fading channels...........cccccuereeerurern... 29
Ixnua 3.7 Gain values for m=6, m1=m2=8 in Nakagami-m fading channels.............c.cccecescverenn.e. 30
ZxNua 3.8 Gain values for m=4, m1=m2=10 in Nakagami-m fading channels...........c.cccceeevvrrnn.e. 30
IxNua 3.9 BER of CSI Relay for QPSK modulation in Nakagami-m fading channels...................... 32
Ixnua 3.10-SER of CSI Relay for QPSK modulation in Generalized-K fading channels ................. 35
Ixnua 3.11 BER of CSI Relay for QPSK modulation in Generalized-K fading channels.................. 37
Zxnua 3.12 BER of Fixed Gain Relay for BPSK modulation in Nakagami-m fading channels......... 40

Ixnua 3.13 SER of Fixed Gain Relay for QPSK modulation in Nakagami-m fading channels ........ 42



Zxnua 3.14 BER of Fixed Gain Relay for QPSK modulation in Nakagami-m fading channels......... 44
Ixnua 3.15 BER of Fixed Gain Relay for BPSK modulation in Generalized-K fading channels....... 46
Zxnua 3.16 SER of Fixed Gain Relay for QPSK modulation in Generalized-K fading channels-...... 48
Ixnua 3.17 BER of Fixed Gain Relay for QPSK modulation in Generalized-K fading channels ... 50

Zxnua 3.18 SER of Regenerative Relay for QPSK modulation in Generalized-K fading channel....53

Ixnua 3.19 Theoretical results for 16QAM in Generalized-K fading channel ...............iv v eveveneee. 55
Ixnua 3.20 Theoretical results for QPSK in Generalized-K fading channel ......ccoveeeeevveeeeeiiiien... 57
Zxnua 3.21 Simulation vs. Theoretical results in Generalized-K..........iveciieeesiinsivneeieninesereeennnes 58
Ixnua 3.22 Decode and Forward vs. Amplify and Forward.in Generalized-K .......cccoeiuveeeeennnenn.. 59

Vi



1. KANAAI AIAAOZHZ

1.1 Rayleigh Fading

O Slaheielg Rayleigh eival éva otatiotiko povtélo, To onoio peketdel Ty emidpaon Tou
neptBarloviog dtadoong oe éva onpa. Uudwva PE TO HOVIEAO-QUTO, TO MEYEBOC TOU
onuatog mou Stamepva éva péco dladoong (KavaAl emikowvwviag) petaBalietal tuyaia;,n
$0Oivel, olpudwva pe tnv katavoun Rayleigh — pla cuviotwoa mou gival AMOTEAECUA TOU

aBpoiocpatog 600 PN CUCXETIOUEVWY TUXAiwY Gaussian PETABANTOV.

To povtého Rayleigh xpnowomnoteitat yia va eptypaet Stadeielg yia tpomoodalpkd Kat
lovoodalplkd onpata dtadoong, Kabwg Kal ootk TeplBAAAovIa Evtovol KAAUUUEVA LE
ktipla. EmutpooBeta, To CUYKEKPLUEVO LMOVTEAO VOl TO TTAEOV KATAAANAO Lot TIEPLITTWOELG

omnou 6gv undpyel aneuBeiog cuviotwoa (line of sight). petaf moumou Kot S€KTN.

To povtélo Rayleigh eival katdAAnAo.va-meplypadel nepiBaXiov-oto omoio pecoraBoulv
TOAAG epumodia mou aduvatilouv To oo HEXPL AUTO VoL GTACEL oToV SEKTN. ZUndwva pe
To Kevipiko Oplakd Oewpnua, v -UTIAPXEL APKETH ‘SLOOTIOPA, N KPOUGCTLKN OTOKPLON TOU
kavoaAloU Ba povtelomnoleitatoay pla dStadikaoia Gauss; aveEAPTNTA QO TNV KATOVOUN TWV
ETUUEPOUC OUVIOTWOWV. Av . Og, Sev UTTAPXEL KATOLO KUPLOPXN OUVIOTWOO CE OUTH TN
Slaomopd, TOTE O€ pia TETOLA-MEPIMTWON N Wéon T Ba eival undevikn, u=0 kat n ¢aon Ba
elval opoldpopda katavepnuevn petafd 0 kat-2m. H meplBalouca Tng amokplong Tou
KavaAlol akoAouBel emopévwce, katavopr) Rayleigh. H cuvaptnon mukvotnta mbavotntag

NG katavoung.Rayleigh elvat:

—a?
=)z (1)

o
Juxva, . To KEPSOC “kal -Ta oTolxeia TtNG Aong TNg TMAPAUOPPWOoNG TOU KavoAlol
mapouoLalevtal 6oV Evac KLyadlkog aplBuog. e auth tnv mepinmtwon To poviého Rayleigh
TIPOUTOBETEL " OTL”  TO- MPAYUATIKO KoL TO GAVIOOTIKO MEPOG TNG ATMOKPLONG QUTNAG
povTeAomoloUvTaL oo aveEAPTNTEG KAL TIOVOOLOTUTIEG KATOVOUEG Gauss Pe UNOEVIKO HEDO,

£T0L WOTE T MAATOC.TNC ATOKPLONG va. lval To dBpolopa Twv §U0 Pepwv.



¢ Joint Probability

H ouvdptnon mukvotnTag mbavotntog tTng CUVIoTWOoAS X elvat:

207

e[ ] (1.2) , eV avtiotowya tgy elvar p(y) =

! &

p(x)=—— e (1 .3) :
\27o?

H oo kowvou miBavotnta yia TG LeTafAnTtEG X mou BplokeTtal PeTafd. X Ko x+ax KOUTAG

petaBAntnic Y mou Bploketal petal y katl y+dy sival:

Siate

e 2 dxdy (1.4) !

Px<X+dx,y<Y+dy)=

1
\27o?

e  MeTtatpomn o€ MOAKEG GUVTETOYUEVEG

Aebopuévou otL (x,y) Bplokovtal oto Kapteolavo emninebo PmopoUpe va T LETAPEPOUE OE
Y
-1
TIOALKEG GUVTETAYUEVEG (2,9), 0ou Z =/ X + Y? kat O = tan (}] )

A
y

8

X

Ixnpa 1.1 Metatpornr Kapteotavwy o€ MoAKEG SUVTETAYUEVES

Hmeptoyn tou Kapteotavou emunedou dxdy eival n avtiotoln zdzd® oto MoAwo eninedo

OUVteravuévwv_ P(xSX+dx,ySY+dy):P(ZSZ+dZ,€S®+d€) (1_5)



Amonolwvtac:

;) =
_e 2 zdzd@=—e*" dz—d6 (1.6)

2o o 27

P(z<Z+dz,0<0+d0)=

Juvoyifovtag, n kown Probability Density Function eivat n mopakdtw:

722

" p(z):%e?,ZZO kaw P(0)=——,—7<0<x

Probability density function of abs(z)

F F F F , :
! ! ! ! simulation
| ' ' ' theo
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Ixnua 1.2-Probability Density Function of Rayleigh distribution

1.1.1 Matlab script for Rayleigh PDF

N = 1076;
X = randn(1l,N);
y = randn(1l,N);

o\°

gaussian random variable, mean 0, variance 1
gaussian random variable, mean 0, variance 1

o\°

3



[

z = (x + J*y); % complex random variable

sprobability density function of abs(z)
zBin = [0:0.01:7];

sigmaz = 1;
pzTheory = (zBin/sigma2) .*exp (- (zBin.”"2)/(2*sigma2)); %.theory
[nzSim zBinSim] = hist (abs(z),zBin); % simulation

plot (zBinSim,nzSim/ (N*0.01), 'm");

hold on

plot (zBin,pzTheory, 'b-")

xlabel ('z");

ylabel ('probability density, p(z)');
legend('simulation', '"theory');

title ('Probability density function of abs(z) ")
axis ([0 7 0 0.71);

grid on
Probability density function-of 8
02 .= .= .= .= = =
! ! ! ! ! simulation
L " pTomeees ahhhi theory [
—_ 0.14'-|— ————— : T : ! : :'
D 1 1 1 1 1 1 1
g : : : : : : :
_z", 0-12"1' -------- |- —-=-=--- T—-————=--- [ T-—=——-=-=--- === =- T
i | | | | | | |
c 1 1 1 1 1 1 1
A AR e SRR TR S 1
_Z\ 1 1 1 1 1 1 1
Z 0.08hL__-____. e R . I . 1
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e 1 1 1 1 1 1 1
5 0.06ft-------- R SOEETEE R
0.04 |k ccmmns R R S LN A N
0.02h+-------- - P [ S —_— - e
olt I I I I I I
-3 -2 -1 0 1 2 3
0

Ixnua 1.3 Probability Density of ¢



1.1.2 Matlab script for Probability Density of 0

e

o

of 6 of Rayleigh random variable

close all
clear all

N = 10"%6;

x = randn(1l,N); % gaussian random variable, mean 0y
y = randn(l,N); % gaussian random variable, mean .0,
z = (x + J*y); % complex random variable

% probability density of theta

thetaBin = [-pi:0.01:pi];
pThetaTheory = 1/ (2*pi)*ones (size (thetaBin)) ;
[nThetaSim thetaBinSim] = hist (angle(z), thetaBin)-;

plot (thetaBinSim, nThetaSim/ (N*0.01), 'm") ;
hold on

plot (thetaBin, pThetaTheory, "b-")

xlabel ('6");

ylabel ('probability density, p(0) %)«
legend('simulation', "theory');
title('Probability density function=of=6.!)
axis([-pi pi 0 0.2])

grid on

1.2 Rician Fading

To povtélo Rice eival'éva oToXaoTikd LOVIEAD. TIOU TIEPLYpAdEL TN UEPLKA OKUPWON TOU
onuatog amnod to dlo, Adyw - -moAudladpopikig petadoong. AwaAeipelg Rician vdiotavral
OTaV TOUAGXLOTOV|ia Qo “TIG. CUVIOTWOEG TNG ToAuStadpoutkig &uddoong eivat moAU

LoXupOTEPN arod Tig untohouteg (line of sight). e autd to poviélo To UéyeBog Tou kEpdoug

xopaktnpiletal ano tny Rician katavourn).

2tn Bewpla Twy TOavotTwy ‘N Kotavoun Rice elvatl n katavourn tng mbavotntag tng
QMOAUTNG TUUNG oG KUKALKAG SLUETAPBANTNG KAVOVIKAG Tuxaioag LeTaBANTAG e N UN6EVLKN

KEon Twun. “H ouvaptnon mukvotnTtag mbavotntag Tng Katavoung Rice elval n mapakatw:

fx

—e
2
(o}

omnou 10(2) glval n popdomnoilnuévn cuvaptnon Bessel mpwtou eldoug, pndevikng Tagnc.

Ma v=0 n katavoun neplopiletal oe Rayleigh.

5

Matlab script for plotting the probability density

S

°

Vo) = [(”’)JJOLX—Z] (1.8)

vartance I
variance 1

gimulation
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IxAua 1.4 Probability density function of -Rice distribution with o
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Ixnua 1.5 Probability density function of Rice distribution with v



1.2.1 Matlab scripts for Rician PDF

function y = ricepdf(x, v, s)

$RICEPDF Rice probability density function (pdf).

%y = ricepdf(x, v, s) returns the pdf of the Rice distribution
swith parameters v and s, evaluated at the values in x.

s2 = s.”2; % (neater below)

try
y = (x ./ s2) .*...
exp(-0.5 * (x.72 + v."2) ./ s2) .*...
besseli (0, x .* v ./ s2);

% besseli (0, ...) is the zeroth order:mqodified-Besseil
% function of the first kind.
y(x <= 0) = 0;
catch
error ('ricepdf:InputSizeMismatch', ...
'Non-scalar arguments must match in“size.'):
end

%% The Rician PDF

x = linspace (0, 8, 100);

close;

%subplot (3, 1, 1)

figure;

plot(x, ricepdf(x, 0, 1), x, ricepdf(x, -1, -19,

X, ricepdf(x, 2, 1), x,rricepdf (x,~4, 1))

o]
v

$title ('Rice PDF with = 1")

legend('v=0"', 'v=1', 'v=2%, 'v=4l)

grid on;

%subplot(3,1,2)

figure;

plot(x, ricepdf(x, 1, 0:25),. %, ricepdf(x,~1, 0.50),...
X, ricepdf(x, 1, 1.00), x, ricepdf(x, 1, 2.00))

$title('Rice PDF with*w = 1")

legend('o=0.25"', %6=0.50<,10=1.00%,~"0=2.00")

1.3 Nakagami-m Fading

EkTOG amo ta povieha Rayleigh kat.Rician €xouv mpotaBel kol dAAa mou peAetouv tnv PDF
TOU TTAATOUC €VOC Gnpatog 1tou udiotatal Staheipels. Eva TETolo HOVTEAO €ilval auto mou

akolouBet tnv katavoun Nakagami-m.

Av n pyadikn meptBarlovoa akohouBel katavour Nakagami-m, Tote n avtiotolyn otyulaia
LOXUG ‘akoAouBsl. Tnv. katavopu Fappa. H mapduetpog W, KaAeital “shape factor” tng
KOTAVOUNG Kal otnVv 8k Tepimtwon mou p=1, ot StaAeidelg meplypddovral amod to
povtého Rayleigh pe ekBetikd katavepnupévn otwydiaia oxy. Oco aufdvetal to W, oL

SLOKUUAVOELG TNC LoXVOC TOU CHUOTOC LELWVOVTOL, CUYKPLTIKA UE TO HoVTEAO TOU Rayleigh.



H ouvaptnon nukvotntag mbavotntag tng katavoung Nakagami-m eivat:

S

__ 2
f(x|/1,a))— F(,u)Q“ x* e

1.8 i

T
m=2, omega=2
m=3, omega=1 H
m=4, omega=2
o I e Y A A m=1, omega=3
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Ixnua 1.6 Probability Density Function of Nakagami-m distribution

1.3.1 Matlab script for Nakagami-m PDF

clear;
x=0:0.1%3;

ml=1;
m2=2;
m3=3;
m4=4;
m5=5;
omegal=1;
omegaz2=2;
omega3=3;

y2=((2.*(m2.”m2)) ./ (1l.*(omega2."m2))) .*(x.~(2.* (m2-1))) .* (exp (-
(m2.*(x."2)./omega2)));



y3=((2.*(m3.”m3)) ./ (2.* (omegal.”m3))) .* (x.”(2.* (m3-1))) .* (exp (-

(m3.*(x.72)./omegal)));
y4=((2.*(m4.”md)) ./ (6.* (omega2."m4d))) . *(x.~(2.* (md-1))) .* (exp (=
(md.*(x."2)./omega2)));
y5=((2.*(ml.”ml))./(1l.*(omega3."ml))).*(x."(2.*(ml-1))) .* (exp(-
(ml.*(x."2)./omega3l3)));

1.4 Composite Fading

Zta aclppotTa KavoaAla to ¢awopevo Twv TOAUSLOOpOoUKwY ~SlaAelPewy. Kol TNG
ermukaluPng oupPaivouv tautoxpova, He amotédecpa TG oUvOeteg SlaAeidelg. O
Sladeipelg  ukpng  KAlpakag mou  odeldovral  otnv. - moAuSiadpopiky  Stddoon
povtehomolouvtal and T Katavoues Rayleigh, Rician. kat Nakagami-m.< H teleutaia
MAALOTA €lvol OPKETA YEVIKEUUEVN, WOTE Vo, TIEPIKAELEL TNV Katavoun Rayleigh cav pa
£181KN Tepimtwon Tng, aAAd Kot va Tipooeyyilel emapkwe tnv katavoun Rice. Ol Stadeidelg
peyaAng kAipakag (shadow fading) mpooesyyilovrar-amod. tn AoyoaplBuikn katavour. MNapola
QUTA, Ta MovtéAa olvBetwv SlaAsipewv mou. PBaocilovratr oe aut tnv Katavoun &gv
KataAnyouv oe MOAU akplBelg ekdpAOELG- TG -OLUVAPTNGNG-TIUKVOTNTAG TLOAVOTNTAS TNG
€10EPXOUEVNC LoXVOC. EvallakTika, €xel potabel n-xprnon Tng Katavoung Mapuo yo ™
povtehomoinon TG Héong Tuxalag-StakUpavong oxuogAoyw emikoAUPewy. YmoBgtovtag
otL oL SlaleiPelg kat ol emkaAU LS lvat aveEapTNTEG HETOEU TOUC KAL XPNOLLOTIOLWVTOG TO
YEYOVOC OTL N TETpAyWVIKN pila--piag Nakagami-m tuyaiog petaBAntn¢ akoAouBei tnv
Katavoun Fappa, avamtuxdnke g ékbpoon -yla Tn cuvaptnon mukvotnTag mboavotntoag
Twv ouvBetwv SloAEiPewv NG popdn¢ fappa-rappo PDF (Generalized-K). H PDF tng

katavoung Generalized-K ¢aivetal mapakatw:

4m(k+m)/2 fomt m 1/2
S(x) = F(m)F(k)Q(hm)/z X Kic—m 2(5} X (1'10)

onou Ki=m n poepdornolnuévn cuvaptnon Bessel Seutepou Babuol kot Taéng (k—m) .
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IxAua 1.7 Probability Density Function of Generalized-K Distribution

1.4.1 Matlab script for Generalized-K PDF

clear;

x=0:0.1:7;
m=2;

k=2;
omega=1;
ml=3;

k1=3;
omegal=2;
m2=2;

k2=4;
omegaz=1.5;
m3=2;

k3=3;
omegald=1l.5;

nu=k=m;
z=2.*((m./omega)..” (1/2)) .*x;
Kei=besselk (nu,z) ;

nul=kl-ml;

z1=2.* ((ml./omegal) .~ (1/2)) .*x;
Keil=besselk (nul, zl);
nu2=k2-m2;

z2=2.%* ((m2./omega2) .~ (1/2)) .*x;

10



Kei2=besselk (nu2,z2);
nu3=k3-m3;

z3=2.* ((m3./omega3) .~ (1/2)) .*x;
Kei3=besselk (nu3, z3);

y=(((4.*m.” ((k+m) ./2)) ./ (1.*1.*omega.” ((k+m)./2))) .* (x.% (kd+m-

1))) .*Kei;

yl=(((4.*ml.” ((k1l+ml)./2)) ./ (2.*2.%*omegal.” ((kl+ml) ..72).)) . *(x.”(kl+ml
-1))) .*Keil;

yv2=(((4.*m2." ((k2+m2) ./2)) ./ (1.*6.*omega2.” ((k24+m2). /2))) s*¥(x.% (k2+m2
-1))).*Kei2;

y3=(((4.*m3." ((k3+m3) ./2)) ./ (1.*2.*omega3.” ((k34+m3) +/2) ) . * (x.” (k34+m3
-1))) .*Kei3;

plot(x,y);

hold on;
plOt (lell 'r_'>;
hold on;
plot(x,y2,'g-");
hold on;

plot(x,vy3,'c-");

legend('m=2, k=2, omega=l"', 'm=3, k=3, ‘omega=2", ‘m=2, k=4, omega=1l.5"',
'm=2, k=3, omega=1.5")

ylabel ('Probability Density Function'):

grid on;
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2. MOMENT GENERATING FUNCTION

2.1 Elcaywyn

2tn Bewplo twv MBAVOTATWY KAl OTn OTOTLOTIKN, N moment generating function .pag
tuyaiog petaPAnTng amotelel évav eVOAAOKTIKO OPLOMO VLA TNV KATAVOLN TNE mBavotntoc.
Mapéxel tn Paon yla pia evaAAoktikn Sladpopr o avaAUTIKA amoteAécpota, Xwplg tn
XpNon TG ouvaptnong TukvotnTag Tilavotntoag Kol -Tng abpoloTikig ouvaptnong

KOTAVOUNG.

H péon tun tng mBbavotntag cupBorou Sivetal amo tn oxeen:

. oc oc 1 /2 _2
P = aMI Q(«/2gjuys)p(7/s)d7/s = aMI . J- exp{ (Jd(pp(;/s)dys (2.1)
0 0
H mapamndvw ox€on MPOKUTITEL Ao TN:

P()=ao({Zeir)  (22)

KalL TNV EVOAAQKTIK £KPPAOCH TNG-OUVAPTNONG Q( ) :

2

:_j”’z {2;11 (o}zgo (2.3)

AN GlovTag T oelp @ 0AOKARPWONG, £XOVTOC TO ECWTEPLKO OAOKANPWUO OPLOUEVO

TMalPVOULE TO €ENG OMOTEAEO AL

Po=2(" M[ & ,ZJdgo (2.4)
Y0 sin® @

H moment generating function tng p(]/s) glvat:

12



M(s;;) :I: e’”p(;/s)d}/s (2.5)

n omola eival og popdn petacynuatiopol Laplace. H MGF yia kaBe katavopn.fading mou
pog  evllodépel  pmopel va  uToAoylotel UE  €vav  TUTMO  KAVOVTASG  KAOOLKOUG
HETAOXNUATIONOUG Laplace, i akoun vo UTOAOYLOTEL QPLOUNTIKA -YLa TLG -TIEPLOOOTEPES

pHopdEg e€aoBEviong.

2.1.1 MGF for Nakagami-m

To mAdToc Tou KavaAloU R Silvetal amod TNV KATOVOUR:

2" a*m! ma*
e = (a;Q;m) = ———exp| = 2.6
P =2 p[Qj (26)

omnou F( )z—:ivou n ocuvaptnon Gamma kot m-n MapAapeTpog tng Nakagami-m Sldheubng, n

ornoia raipvel Tipég amd 1/2 éwg oc.

H koatavopr tou SNR = R*Es / No pe aMayn petapAntic eivat:

—_— mm o m
frysysm =——=5y lexp(—:q (2.7)
L(m)ys Vs

13
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IxAua 2.1 Probability Density-Function.of Gamma distribution

Znueiwon: Oco n TN Tou m AUEAVETAL, TOOO HELWVETAL N TILOAVOTNTA VO EXOUE TLLES TOU
y kovtd oto 0. Auto ouvemdyetal Alyotepeg OSloAelelg, €MOPEVWE KAAUTEPO KOVAAL

Sdiadoong.

2.1.2 Matlab script for Gamma PDF

clear;

X = 0:0.1%I0;
omega =.1;

ml = 1;

m2 = _2;

m3 =-3;

y~= gampdf (x,ml, omega)-
y2 .=, gampdf (x, m2,omega) ;
y3 gampdf(x,m3, omega)

’

figure;

plOt(XIYI 'b_‘rxly2l 'r_'rxry3l 'y_');
xlabel (“y~values') ;

ylabel ('pdf™) ;

legend ('m=1 *fexponential)', 'm=2"', 'm=3");
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MNapakatw dpaivovral ot MGF yia ti¢ Nakagami-m, Rayleigh kol Rice KATOVOUEC.

Nakagami-m:

MGF[g—f;ﬁj :(1+ﬂJ (2.8)

sin’ ¢ msin® @

Rayleigh:

— -]
MGF(,g—‘;’;%]{H &r ] (2.9)

sin” @ sin” @
¢ Rice:
v — 1+ k)sin’ Vs
MGF( ‘gz ;}/sj: ( - )2 ¢ _exp[— Ifgzjf _J (2.10)
sin” @ (1+k)sin” @+ guys (1+k)sin” @+ guys

Inueiwon: H katavoun Nakagami-m ylwa m=1 divettnv katavopr Rayleigh.

Average SER

-
o

I I I I

5 10 15 20 25 30
average SNR per symbol (dB)

Ixnua 2.2 SER of QPSK in Nakagami-m fading channel
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2.1.3 Matlab script for SER with MGF Method

function y=mgf (phi) ;
global gM m x;

tmp = sin(phi) .*sin (phi);
y = (1 + (gM.*x./(m.*tmp))) .~ (-m);
clear;
global gM m x;
m=4;
M=4; % QPSK
gM=sin (pi/M) *sin (pi/M) ;
aM=2;
for i=0:30 % i= SNR in dB
x=10"(1/10) ; % x=SNR in real number’ imside "equations
ser (i+l1) = (aM/pi)*quadl (@mgf, 0, (pi/2),10% (£6));
snr (1+1)=1i;
end

semilogy(snr, ser, '-')

xlabel ('average SNR per symbol (dB) ')
ylabel ('Average SER'")

axis ([0, 30, 10"(-6), 10"(=0)1)

2.2 NMpoocopoiwon

Z1a oxApoTa TIOU 0KOAOUBOoUV TapouoLalovial T AMOTEAECHATA TNG MPOooouoiwong o€
olykplon He autd Ttng ‘Moment Generating - Function. Mo TG TIPOCOUOLWOELG
xpnotporowibnkav ot BPSK kat QPSK 6Siapopdwoelg, evw ta meplpdArovia Siadoong
xopaktnpilovtat amnd’ dwadeiperg Nakagami-m kat Rayleigh. Ito télo¢ mapatiBetat o

Kwdikag Tng MGFKatTNG mpooooiwaong.
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2.2.1 Matlab script for MGF function vs. Simulation

% MGF function
function y = mgf (phi)

global g m m2 x L

tmp = sin(phi) .*sin (phi);
if L==
y = ((1+(g.*x./(m.*tmp))) ."(-m));
end
if L==
y = ((I+(g.*x./ (m.*tmp) )) .~ (-m)) . * ((1+(g %</ (m2.*tmp) ) ) -2 (-m2) ) ;
end

o°

Theoritical vs Simulation Results —+-MGE_Method+¥Vvs Simulation
Rayleigh Fading (m=1)

Any other value for m-> Nakagami-m

clear;

global g m m2 x L

o°

o°

M = 4; % M=2 for BPSK

g = (sin(pi/M))"2; % g=1 for. BRSK
SNR dB = 0:2:20;

omega av = 1;

L=2;

m 1;

k = 10.5;

m2 = 1;

k2 = 10.5;

N = 1000;

loops = 800;

for i = 1l:length(SNR _dB)

errors =-0;

SNR ==I0"(SNR dB (i) /10);

x =.SNR;

for z *=-lwloeps
s ="randint (1,N,M); %Random message
u, = pskmod(s, M) ; $Modulate using PSK
a.= gamrnd(m,omega_av/m, [1,N]); % Direct channel
b = gamrnd(k,1/k, [1,N]);
h = sgrt(a.*b).*exp(2.*j.*pi.*rand(1,N));
n. = sqrt((omega av./(2*SNR))).* (randn(1,N)+j*randn(1,N));
a2 = gamrnd(m2,omega_av/m2, [1,N]); % Relay channel
b2 = gamrnd(k2,1/k2, [1,N]);
h2 = sqgrt(a2.*b2) .*exp(2.*j.*pi.*rand(1,N));

20



end

ser (1)

n2 = sqrt((omega av./(2*SNR))).* (randn(1l,N)+j*randn(1l,N));
r0 = (h.*u + n); % Direct

r2 = (h2.*u + n2); % Relay

y0 = conj (h).*r0;

y2 = conj (h2).*r2;

v ((y0O + y2)./(conj(h).*h + conj(h2).*h2))/L;
$DEMODULATION

demodmsg = pskdemod(y, M) ;

[nes, res] = symerr (s,demodmsq) ;

$FIND TOTAL ERRORS FROM PREVIOUS LO@RS
errors = errors + nes;

errors/ (N*loops); % Simulation

ser th (i)

end

(1/pi) *quadl (@mgf, 0, pi-pi/M, 10" (-6)).; S “MGF
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3. RELAYS

3.1 Elcaywyn

Ot avapetadoteg (relays) e€unnpetolv SikTua EMIKOWVWVIWY TIOU- £XOUV oav. Boalky apxn
Aewtoupylog tn petadoon tng mAnpodopiag and tov mMounod (transmitter-or source terminal)
oto &6éktn (receiver or destination terminal). Ol avapetadoteg eival ol evdlapeaol Koppol

Tou KaBLotolv duvatn auth Thv emikowvwvia. Bplokouv ebappoyi 0TOUG TIOPAKATW TOUELS:

e Kwnt TnAsdwvia
e Aopudoplkég ETIKOVWVIEG
e WLAN

e Ad-Hoc (Alktua emikowvwviog xwpigunodoun)

Apxkd peAetnBnke amo tov E. C. van. der Meulen(1968),. evw' n XwpntkotnTA TOUG

anaoyxoAnoe toug Cover kot El Gamal to 1979.. H-Baaoik Touc apxn sivat:

EvSlaueool kopPol mou kaAoUvtal avapuetadotes (relays). emegepyalovtal tnv mAnpodopia

artd TOV TIOUTIO KOL TNV EMOVEKTIEUTIOUV OTO. SEKTN.

Relay

Source Destination

Ixnpa 3.1 Baaikn apxn Asttoupyiac avouetadotn

Ot avapeTadoteg xwpilovral oe SU0 BACIKEG KATNYOPLEG:

o . Regenerative-Relays (Digital Relays)
Arntokwdikorolel (decode) to AapBavopevo onua, to kwdkomolel Eava (encode) kat
TO EKTIEUTIEL OTOV EMOEVO KOUPO.

e Non-Regenerative Relays (Amplify-and-Forward or Analog Relays)
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KaBe kouPog (relay) evioxVel to Aappovopevo onpa Kal To avapetadidel otov

€NMOUEVO KOUPO.

Ol Regenerative Relays Bplokouv ebappoyn Kupiwg otig 50pudopLKEG ETIKOLWVWVIES KAt-OTNY
KNt tnAepwvia. Ol kOUPBOL TTOU avVAKOUV GE QUTH TNV Katnyopto6ev avopetadidouy
BopuBo. O Bd6puPfog mou AapuPdavouv adatpeital Katd tnv anokwdikomoinen. AviiBeta, ot
Non-Regenerative relays emaveknéumnouv pall e To onua mou-6£XoVIaL amo TV Ny Kot

Tov B0puPo mou npootiBeTal o AUTO.

3.2 Non Regenerative Relays
3.2.1 Channel State Information Relays

‘Eotw to akdAouBo cuoTnUa EMLKOWVWVIAG LEEVaV. avapeTadotn

Ixnpa 3.2 Dual-Hop cuotnua emtkovwviog

To mAdtog. twv- StaAeihewy ~unopel~va akolouBel omowadnmote koatavourn (Rayleigh,

Nakagami-m, Rice, etc.)

2 J—
e - Rayleigh pa(a) = 2Eaexp (%], a0k Q= a2 (31)

m _2m-1

e Nakagami-m - pu(a) =

2
exp ma ,a>0 ko m>0.5 (3.2)
Q"T'(m) Q

2y -n* 2y 2 2
¢ Rice pa(a):mexp _(#m)a” Lo 2na1/l+n , n>0 «kat
Q Q Q

a>0, K=n?, Ricean Factor (3.3)
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To elogpXOEVO O oTNV €l0od0o Tou avapetadotn (B) elval:
ro(t) = ars(t)+ m(t) (3.4)

To onua oto 6éktn (C) eivat:
re(t) = a2Gri(t) + na(t) 15
= axG(ais(t)+m(t))+ na(t) ( ' )

To wooduvapo end-to-end SNR eivat:

a’ a2’
ar*a*G? No Nos 3.6
end = = — :
4 a*G*No+No. a2’ N 1 ( )
No: G*Nu

e Emloyn tou Relay Gain

Mua iBavr) emdoyn yia to kEpSog eival n avTLoTpodr. ToU KAVOALOU:
G*=l/ ;. IHasna, AlouiniCOMMLO3]— (3.7)
1
To wooduvapo end-to-end SNR yla pia tétola-nepintwon eivat:
Yend = ﬂ (38)
yi+y2
H emloyn autA¢ TNG TWWNE yla TO - KEPSOC-Tou avauetaddtn odnyel oe udnioucg

TEPLOPLOOUG OTNV amodoar] Tou.

Mua Seutepn emhoyr potdBnke. amo toug.Laneman, Wornell kat sivat n akoAoudn:
To Gain (G) emAéyetal-wote Nn-loxUc. e£080U TOU AVOUETASOTN va Unv Eemepvad KAmoLla
OUYKEKPLLEVN TN, E0TW £2

&2

G* (510{12 + No)< 2= {Gz}max = [Laneman, Wornell, WCNC’00] (3.9)

giar* + No
I YLoL KQVOVLKOTIOLN [LEVEC (normalized) TLHEG TNG LOYXVOG

1

Wy

[Laneman, Wornell, WCNC’00] (3.10)

Ze-auth TNV mepUtTwon 1o kEPSOG Tou avapetadotn meplopiletal étav mapouatdlovrol
BaBbiEg SlaAeielgatny emkowvwvia TOU e TOV TIOUTO.

To wooduvapo-end-to-end SNR eivat:
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Slalz az2

No No e
end — = 311
et ar’ 1 yi+y2+1 ( )
No G*No

2

gidi
,(i=1,2,) to SNR yia kdBe hop.

0

omou yi =

Ta napandvw adpopolcoav oTnV MEPUTTWAN OTOU TO KEPSOG TOU AVOLETASOTH ETALPVE il
T pe Baon tnv katdotaon tou dtavAou. To mAdtog tou fading Atav awtod tou pUBULE TV
TN ou Gain. Auth n katnyopia avapetadotwy ovopaletat-CSl-Relays (Non Regenerative -

Channel State Information).

3.2.2 Fixed Gain Relays

Mo GAAN katnyopia avoauetadotwy, otnv-onolo.to Gain maipvel fila otabepn Twun eival ot
Fixed Gain Relays. Ol avapeTadoTeG MOU AVIIKOUV. OE-QUTH, TNV Katnyopla €xouv otabepd
k€PSog, 6ev amaitouv TMOAUTTAOKO KUKAWHOTA ‘KO £lvat apKeTd amodotikol. MdAlota yla
XOUNAEC TIUEG LEoou SNR mapoucialouv-kaAutepn-amodoon and toug CSI Relays. Ot Fixed
Gain Relays ywpllovtat kal autol oe 600 umo-katnyopieg: toug “Blind” katl “Semi-Blind”

Relays.

3.2.3 Blind Relays

To oAwko otypaio SNR.gival:

816112 a22

]/end:NO—]\{o (312)

a2’
No G No

Av Bswpnooupe C,-évav otabepo aplBuo yla otabepd Gain:

C=62 , Hasna & Alouini, ICAS & SP’03 3.13
tote 1o end-to-end SNR siva:

yiy2
md =—""— (3.14
Vet C+y2 ( )
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3.2.4 Semi-Blind Relays

To Gain gruléyetal we €NC:

G =E{L} (3.15)

s’ + No

To otypaio SNR g€660ou unoAoyiletal AAL amo T oxeon:

yer =212 (3.16)

Eav emAé€oupe Gain:

G’ = & [Nabar, et. al., 2003] (3.17)

EUmﬂ’

LE E[|VR|2j| TN Héon LoXU ToU CAHATOC L0080V OTOV AVOUETOSOTH, TOTE O AVOUETASOTNG

KavoviKoTtolel To AapBavopevo onpa otn povada Kot To oAlkd. SNR otnv £€£060 Tou S£EKTN

elval loo pe:

8161120722
172
}/end:azjvo ]\io = 71 (318)
6 , W yotyi+1
No-~G*No
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210 MapAKATW oxAua mapouctalovtal ol Slddopeg KATNyopleg OTIC omoieg xwpilovtal ot

QVOUETASOTEG.
Relays
Non-Regenerative Relays Regenerative Relays
Csl Fixed Gain
Blind Semi - Blind

Ixnna-3.3 Katnyopiomoinon Relays

3.3 Enidoon Non Regenerative CSI Relays

Jta ypadnuato mou akohouBoUv peAetdtol n enidoon twv avapetadotwv 6cov adopd
otoug pubuolg odaApdtwyv BER“kal SER. Oha ta amoteAéopata adopouv Dual-Hop
oUOTNUOL. UETASO0NE, EVW-TA KOWVAALA TOU CUCTAMOTOC €ival aveédptnta HeTaly Toug Kol
avouota. OswpoUjte. oto “UovtéXo petadoong tou oxrpatog 3.2 tv umoapén ameubeiag
cLvioTwaoag entkowvwviag (LoS) petau tou koppou A kat tou kopupBou C.

Ta povtéla Sdlaleipewy tou xpnowuomnoldnkav yla TG mpooopolwaoelg eivat Nakagami-m
kot ~Generalized-K:» Onwg eibope oto mpwto KedAAALO OL CUVAPTAOEL; TIUKVOTNTOG

TOavoTNTAG TWV KOTAVOLWY AUTWVY €ival oL €ENG:
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2u"
e Nakagami-m PDF: f(x| M, 0) =—————x""e

T (u)a” (3.16)
. 4m(k+’")/2 k+m—1 m "
e Generalized-K PDF: f:(x) = F(m)F(k)Q“”’”)/z X" Kk -m| 2 ) X (3.17)
1
H T tou Relay Gain &ivetaw amd tn oxéon: G° =———, n omnola onwg eidape
a,”+No
e

niapanavw odnyet o Llooduvapo SNR:  Yeqt = ———.
yi+y2+1

Mo To MPWTOo XA TAPATIOEVTAL KL TA OVTIOTOLKOL LOTOYPAUKATO yia TOKEPSOC, EVW yla

KaBe oxnua akoAouBei o kwdikag matlab.

Non Regenerative CSI Relay in Nakagami-m fading channels

-------------- ] —— m=4, m1=m2=6
""""""" m=6, m1=m2=8
m=4, m1=m2=10 [

TAaTrrimmrm

SER

Hle = d - L L

TICIIOIIIIIRIIIIIIIIIICIAINGIICE bt Sttt
O N N L]
EEEEE_EEEEEEEEEE_EEEE%EEEEEEEEEE_Efffé__ __EEEEE%EEEE=
SIITIIIIISIIIIIEIIIIITIIIICIIIINITNGIIIIEIIIIIZIIZY
10° I I I I I I I I I
0 2 4 6 8 10 12 14 16 18 20
Es/No, dB

Ixnua 3.4 SERof CSI Relay for QPSK modulation in Nakagami-m fading channels
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Gain

Gain

Gain Values for Non Regenerative CS| Relays
14 ] ] L ] ] ]

1.2 .

IxAua 3.5 Gain values for m=1; m1=m2=2in-Nakagami-m fading channels

Gain Values.for Non Regenerative CS| Relays
1 8 ] I I ]

1.6} . i

1.4 *

1.2} !

0.8

0.6 |-

041

02L &

h\\:‘;“:.'l't'l;h‘hl" L3 R I I
2 2.5 3

==
O E

0 wrl ( ‘| | I
0.5 1

Ixnua 3.6 Gain values for m=4, m1=m2=6 in Nakagami-m fading channels
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Gain

Gain

Gain Values for Non Regenerative CSI Relays
25 ] ] ] ] ]

1.5

|" 1111 "\ i i A ]

.5 2 2:5 3 3.5

IxAua 3.7 Gain values for m=6; m1=m2=8 in-Nakagami-m fading channels

Gain Values.for Non Regenerative CS| Relays
25 L ] I I I ] ]

nthalth
tnlindl
::H::Hﬁ:

H';m;‘”'lnﬂillllr | RTTI  INTY
1.4 1.6 1.8 2 2.2

Ixnua 3.8 Gain values for m=4, m1=m2=10 in Nakagami-m fading channels
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3.3.1 Matlab script for SER of Non Regenerative CSI Relay in Nakagami-m

M= 4;

SNR_dB = 0:2:20;
omega av = 1;
%$1lst case
m= 1;

k =1;

ml = 2;

k1l = 3;

m2 = 2;

k2 = 3;

N = 10000;
loops = 1000;

for i=l:length (SNR_dB)

errors 1 = 0;

SNR = 10" (SNR dB (i) /10)

for z=1l:1loops
h = randint(1,N,M);
u = pskmod(h,M);
%%%%5%%%%5%%%5%%%5%%1st CASE, $3%%35%25%.5%3
a = gamrnd (m, omega av/m, I,N) ;
b = 1;%gamrnd (k,/1/k,4d; N)
r = sqgrt(a.*b) f*exp(2.*].*pi.*rand(l, N)) ;
n = sqgrt ((omega av/ ( 2*SNR))). (randn (1,N)
al = gamrnd(ml,omega_av/ml,1,N);
bl = 1; $gamrnd-(Ki1/k1,1,N)y;
rl = sqgrt(al.*bl).*exp(2.*j.*pi.*rand(1,N)
nl = sqrt((omega_av/(Z*SNR))).*(randn(l,N)
a2 ="gamrnd (m2,omega,_av/m2,1,N);
b2 = ¥; $&amrnd (k2,41 /kZwl, N)
r2 ='sqgrt(a2-*b2) .*exp(2.*j.*pi.*rand(1,N)
n2 =.sqgrt((omega-av/ ( 2*SNR))). (randn (1, N)
%% wso “ANPLify. & Forward %$%%%%%% lst CASE %
A =sqrt(l+/((als*bl) + (1./(SNR))));
yl.= conj(r)y+«*((r.*u + n))./(r.*conj(r));
y2 =eonij.(rl) .*conj(r2).*(r2.*(A.*(rl.*u + nl)

n2) y./(rlu*r2 . #conj(xrl) . *con]j (r2));

V. =Wl t+ V&g
$%%%%%. Demodulation CASE 1 $%$%%%%%%
demodmsg = pskdemod(y,M) ;
[nes_amp, res _amp] = symerr (h,demodmsg) ;
%$Find total erros
errors 1 = errors 1 + nes_amp;

end
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+ j*randn(l,N));

)7
+ j*randn(1,N));

) ;
+ j*randn(1,N));
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ser amp (i) = errors_l/(N*loops);
end

Regenerative CSI Relay in Nakagami-m fading

BER

- FH I

10—3::::::I:::::::::::I:::::I _________________________________
T E e e Tt

10" ' ' '
0 2 4 6

Eb/No, dB

Ixnua 3.9 BER of CSI Relay for QPSK modulation in Nakagami-m fading channels

3.3.2 Matlab script for BER of Non Regenerative CSI Relay in Nakagami-m

N = 1075; & Aumber of-symboks
% eonstellation- size
kb = log2tM).; <s-Pits per “symbol
=1

%$1lst-case

m = Iy

k= 1;

mls =-2;

il ="

m2. = 2;

k2%=-3;

thetaMpsk = [0:M-1]*2*pi/M; % reference phase values
Eb NO dB = [0:2:20]; % multiple Es/NO values

Es NO dB = Eb NO _dB + 10*1ogl0 (kb);
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% Mapping for binary <--> Gray code conversion
ref = [0:M-1];

map bitxor (ref, floor (ref/2));

[tt ind] = sort (map):;

ipPhaseHat = zeros(1l,N);
for ii = l:length(Eb_NO dB)

% symbol generation

ipBit = rand(l,N*kb,1)>0.5; % random 1's and 0's

bin2DecMatrix = ones(N,1)*(2."[(kb-1):-1:0]) ; % conversion from
binary to decimal

ipBitReshape = reshape(ipBit,kb,N)."'; % grouping to N symbols
having kb bits each

ipGray = [sum(ipBitReshape.*bin2DecMatrix,2)].'; % decimal to
binary

% Gray coded constellation mapping
ipDec = ind(ipGray+l)-1; $ bit group to eonstellation point
ipPhase = ipDec*2*pi/M; % conviersion to phase

ip = exp(j*ipPhase); % modulatien
s = ip;

0~ (-Es_NO_dB(ii) /20);
(Eb_NO dB(ii)/10);

>

a = gamrnd(m, oméga av/m,1,N);
b = 1;%gamrnd (k, /%, 1,N);

r = sqgrt(a.*b).*exp(2.*]j.*pi.*rand(1,N));

n = sqgrt((omega av/(2*SNR))).*(randn(1l,N) + j*randn(1l,N));

al = gamrnd(ml,omega_av/ml,1,N);

1; #Sgamrnd (k1, %/kl,1,N) ;

sgrti(al. *bl).. *exp(2.*J.*pi.*rand (1,N));

nl = sqrt((omega_av/(Z*SNR))).*(randn(l,N) + j*randn(1,N));

s O
[
[t

a2/= gamrnd(m2,omega.av/m2,1,N);

b2 1; %$gamrnd(k2,1/k2,1,N);

b sgrt(a2.*b2) .*exp(2.*j.*pi.*rand(1,N));

n2 = sqrt((omega_av/(Z*SNR))).*(randn(l,N) + j*randn(l,N));

$%3%% Bmplify & Forward %%%%%%% 1lst CASE %%%%%%%%
A= sqrt(l./((al.*bl) + (1./(SNR))));

yl.= conj(r)~*((r.*u + n))./(r.*conj(r));

y2 =.conj(rl).*conj(r2). 2.*(A.*(rl.*u + nl) +

— % —
2l

n2)) -/ (rl.*xr2.*%conj (rl).*conj(r2));

y = yluty2;

%%%%%%5555555555%%5%%%%%5%5%5%%%%%%%%% DEMODULATION 1lst CASE



% finding the phase from [-pi to +pi]

opPhase = angle (y);

% unwrapping the phase i.e. phase less than 0 are

% added 2pi

opPhase (find (opPhase<0)) = opPhase (find (opPhase<0)) +-2*pi;

$ rounding the received phase to the closest cdnstellation
ipPhaseHat = 2*pi/M*round (opPhase/ (2*pi/M)) ;

% as there is phase ambiguity for phase = 0 and, 2%pi,

% changing all phases reported as 2*pi to 0.

this is to enable comparison with the tranémitted phase
ipPhaseHat (find (ipPhaseHat==2*pi)) = 0;

ipDecHat = round (ipPhaseHat*M/ (2*pi)) ;

o°

% Decimal to Gray code conversion

)

ipGrayHat = map (ipDecHat+1l); % converting to decimal

)

ipBinHat = dec2bin (ipGrayHat,kb) ; % decimal -to binaxy
% converting binary string to numper

ipBinHat = ipBinHat.'

ipBinHat = ipBinHat (l:end) .’

ipBinHat str2num (ipBinHat) ..' 7

Q

% counting errors

nBitErr (ii) = size (find ({ipBit= dipBinHat])+,2); % counting the
number of errors
end
simBer = nBitErr/ (N*kb) ;
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Non Regenerative CSI Relay in Generalized-K fading

SER

10°L m=1, m1=m2=2, k=1, k1=k2=3
F| —— m=4, m1=m2=6, k=2, k1=k2=5
i m=6, m1=m2=8, k=3, k1=k2=6
- m=4, m1=m2=10, k=4, k1=k2=10 [~~~ -1---------
10_5 i i i i i ;
0 2 4 6 8 10 12 14 16 18 20

Es/No;.dB

Ixnua 3.10 SER of CSI Relay for QPSK modulation.in Generalized-K fading channels

3.3.3 Matlab script for SER of Non Regenerative CSI Relay in Generalized-K

M = 4;

SNR dB = 0:2:20;
omega_av = 1;
%1lst case

m = 1;

k=1
ml =
k1l =
m2
k2 =

Il
W N W N~

« Ne Ne N

r

N =.1000;
loops~=.1000;
for isl:length(SNR dB)

ereQroyl F U
SNR-=. 10~ (SNR dB(i)/10);

for.z=1:1lcops

h = randint (1,N,M) ;
u pskmod (h, M) ;

335%%%5%5%5%%53%%5%5%5%5%51st CASE 3%%5%5%5%333%5%%



a = gamrnd (m,omega_av/m,1,N);

b = gamrnd(k,1/k,1,N);

r = sqgrt(a.*b).*exp(2.*j.*pi.*rand(1,N));

n = sqrt((omega_av/(Z*SNR))).*(randn(l,N) + j*randn(l,N).)
al = gamrnd(ml,omega_av/ml,1,N);

bl = gamrnd(kl,1/k1,1,N);
rl = sqgrt(al.*bl).*exp(2.*j.*pi.*rand(1l,N));
nl = sqrt((omegaiav/(Z*SNR))).*(randn(l,N) + A Frandn’ kA N) i

a2 = gamrnd(m2,omega _av/m2,1,N);

b2 = gamrnd (k2,1/k2,1,N);

r2 = sqgrt(a2.*b2).*exp(2.*j.*pi.*rand(1,N));
n2 = sqrt((omega av/(2*SNR))) .* (randn (1,N) + j*randn (1,N));

$%%%% Amplify & Forward $%$%%%%%% 18t JCASE."$%%%%%%%

A = sqgrt(l./((al.*bl) + (1./(SNR)))):

yl = conj(r).*((r.*u + n))./(r.*conj (r));

y2 = conj(rl).*conj (r2) . *(r2.*(A.*(rl.*u + nl) +
n2))./(rl.*r2.*conj(rl) .*conj (r2));

end

end

ser

%$%%%%% Demodulation CASE/ L %%%%%5%%
demodmsg = pskdemod(y,M) ;

[nes _amp, res_amp] = symerr (h,demodmsg)-;
%$Find total erros

errors 1 = errors 1 '+ nes ‘amp;

amp (i) = errors/1//(N*loops);
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Non Regenerative CSI Relay in Generalized-K fading

BER

m=1, m1=m2=2, k=1, k1=k2=3
—— m=4, m1=m2=6, k=2, k1=k2=5 TAITIIIS
m=6, m1=m2=8, k=3, k1=k2=6 |-~~~ 7" """
m=4, m1=m2=10, k=4, k1=k2=10 |~~~ 77\~

[
0 2 4 6 8 10 12 14 16 18 20
Eb/No;.dB

10

Ixnua 3.11 BER of CSI Relay for QPSK modulation-in Generalized-K fading channels

3.3.4 Matlab script for BER-of Non Regenerative CSI Relay in Generalized-K

N = 1075; % number.of-symbols

M = 4; % constellation sige

kb = log2(M); % bits per symbol

omega av = 1;

m 1;

k 1;

ml = 2;

k1l = 3;

mz2 = 23

k2 = 3;

thetaMpsk = {0:M-1]*2%pi/M; % reference phase values
Eb_NO dB, ~=-[0%2:20] ;% multiple Es/NO values

Es NQ_dB- "= EL-NO-dB + 10*1ogl0 (kb);

% "Mapping=fox+binary <--> Gray code conversion
ref.=_[0:M=1;

map = bitxor (ref, floor (ref/2));

[tt ind]w = sorti(map);

ipPhaseHat = zeros(1l,N);
for ii = 1l:length(Eb NO dB)
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% symbol generation

ipBit = rand(l1,N*kb,1)>0.5; % random 1's and 0's

bin2DecMatrix = ones(N,1)*(2."[(kb-1):-1:0]) ; % conversion-from
binary to decimal

ipBitReshape = reshape(ipBit,kb,N).'; % grouping to-N symbols
having kb bits each

ipGray = [sum(ipBitReshape.*bin2DecMatrix,2)]."';~% decimal.tao
binary

)

% Gray coded constellation mapping
ipDec = ind(ipGray+l)-1; % bit group to comstelldtion’ pgint
ipPhase = ipDec*2*pi/M; % conversion to phase

ip = exp(j*ipPhase); % modulation
s = ip;

0"~ (-Es_NO_dB(ii)/20);
(Eb_NO _dB(ii)/10);

>

a = gamrnd(m,omega_av/m,1,N);

b = gamrnd(k,1/k,1,N);

r = sqgrt(a.*b).*exp(2.*j+*pi.*rand(1,N));

n = sqgrt((omega_ av/(2*SNR))).*(randn(l,N) +, j*randn(1,N));

al = gamrnd(ml,omega_av/ml, 1,N);

bl = gamrnd(kl,1/k1l,1,;N)3

rl = sqgrt(al.*bl).*exp (2. *J.*piv*rand(l,N));

nl = sqrt((omega_av/(Z*SNR))).*(randn(l,N) + j*randn(1,N));

a2 = gamrnd(m2;omega av/m2,1,N);
b2 = gamrnd (k2,3¥/k2,1,N) ;
r2 = sqgrt(a2.*p2) .*exp(2.*j.*pi.*rand(1,N));

n2 = sqrt((oméga av/(2*SNR))) .*(randn(1,N) + j*randn(1,N));
$%%%% Anplify«& Forward $%$%%%%% 1lst CASE $%%%%%%%

A = sqgrt(l./((al.*bl). + (L./(SNR))));

vyl = conj (r)s*((r.*u +.ny) .7 (r.*conj(r));

y2 =-conj(rl) .*conj(r2) .* (r2.*(A.*(rl.*u + nl) +

n2)) ./ (rl.*r2. *conj(rl) .*econj (r2)) ;
y=y1 + y2;

©99090000/0%.0 000 0 8000000000000 0000000

[

S finding«the phase from [-pi to +pi]

opPhase. = _angle (y) ;

S.unwrapping-.the. phase i.e. phase less than 0 are

% ~added, 2pi

opPhase (find (opPhase<0)) = opPhase (find (opPhase<0)) + 2*pi;

% xrounding. the received phase to the closest constellation
ipPhaseHat = 2*pi/M*round (opPhase/ (2*pi/M)) ;

as there is phase ambiguity for phase = 0 and 2*pi,

% changing all phases reported as 2*pi to O.

this is to enable comparison with the transmitted phase
ipPhaseHat (find (ipPhaseHat==2*pi)) = 0;

o\

o°
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ipDecHat = round (ipPhaseHat*M/ (2*pi)) ;

Q

% Decimal to Gray code conversion
Q

ipGrayHat = map (ipDecHat+l); % converting to decimal
ipBinHat = dec2bin (ipGrayHat, kb) ; % decimal to binary
% converting binary string to number
ipBinHat = ipBinHat.';

ipBinHat ipBinHat (l:end)."';
ipBinHat = str2num(ipBinHat).' ;

)

% counting errors
nBitErr (ii) = size(find([ipBit- ipBinHatl]),2); % couting the
number of errors

Q

% counting errors
nBitErr4 (ii) = size(find([ipBit- ipBinHat4]),2).;- % Ccouting the
number of errors

end
simBer = nBitErr/ (N*kb) ;
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3.4 Enidoon Non Regenerative with Fixed Gain Relays

3TN ouvéxela mapouoialovtal ot KapmuAeg SER kot BER yia Non Regenerative Relays. pe

Sladopeg TWEC otaBepol KEpSOUC.

Generalized-K evw ol Pndlakeg Stapopdpwaoelg mou xpnotponotnOnkav-givor ‘ot BPSK ko

QPSK. Mapouocialetal n enidoon Tou avapeTadotn ylo TIHEG kKEPSOUC amd, Gain=0.5 €wg

Ta kavaiia SadsiPpewv eival~Nakagami-m. ko

Gain=3.5.
o Non Regenerative Relays with Fixed Gain in.Nakagami-mfading
10 F-------------3------cfF--oooofkECooooo i /== F------ =
FIIIIIIITIIIIIIITIIIIIIEIIIIISINCIIIINH o Gain=05f
[CIIIIINIITIIIIAIIIIIIINIIIIIIIIIIIIIIY] —w—Gain=1b
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Ixnua 3.12 BER of Fixed.Gain Relayfor BPSK modulation in Nakagami-m fading channels

3.4.1 Matlab script for BER of Fixed Gain Relay for BPSK in Nakagami-m

SNR.dB =
omega .av
m=1;
k=1;

02 %29,

ml=2;
k1=3;
m2=2;
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N=10"4;
for i=l:length (SNR_dB)

errorsl=0;
SNR = 10" (SNR dB(i)/10);

for j=1:N
h = randint;
u = 2*h-1;

a = gamrnd (m,omega_av/m) ;
b = 1;%gamrnd(k,1/k);
r = sqrt(a*b);

n = sqrt((omega_av/(Z*SNR)))*randn;

al = gamrnd(ml,omega_av/ml);
bl = 1;%gamrnd(kl,1/k1);
rl = sqgrt(al*bl);

nl = sqgrt((omega av/(2*SNR)")) *randn;
a2 = gamrnd(m2,omega_av/m2) ;
b2 = 1;%gamrnd (k2 1'/k2) ;

r2 = sqgrt(a2*b2)s;
n2 = sqrt((omega_av/ (2*SNR).)) *randn;
A = 0.5; $sgrt L/« (al*bLl)= (LA(SNRY)))) ;
y = r*¥(r*u.+ n) + (r2*rl)*(x2*(A*(rl*u + nl)) + n2);
if y >= 0.0
h r &
elseif ¥ € 0
h g e 70y
end
eprofs™z ehrrrersl vt ¢h r~=h);
end
ber (i) = errorsl/N;

end
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Ixnua 3.13 SER of Fixed Gain Relay for QPSK modulation in-.Nakagami-m fading channels

3.4.2 Matlab script for SER of Fixed Gain Relay for QPSKin Nakagami-m

M = 4;

3
N
Il

N ="1000;
loops. =.1000;

for+~i=1l:length(SNR-dB)

errofgml “g.0;
SNR = 102¢SNR dB(i)/10);

for z=l:loops

h = randint(1,N,M);
u pskmod (h, M) ;
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a = gamrnd (m,omega_av/m,1,N);
b = 1;%gamrnd(k,1/k,1,N);
r
n

sgrt(a.*b) .*exp(2.*j.*pi.*rand(1,N));
= sqrt((omega_av/(Z*SNR))).*(randn(l,N) + j*randn(l,N).)

al = gamrnd(ml,omega_av/ml,1,N);

bl = 1;%gamrnd(k1,1/k1,1,N);

rl = sqgrt(al.*bl).*exp(2.*j.*pi.*rand(1l,N));

nl = sqrt((omegaiav/(Z*SNR))).*(randn(l,N) + Ag*randn(L,N) )

a2 = gamrnd(m2,omega _av/m2,1,N);

b2 = 1;%gamrnd(k2,1/k2,1,N);

r2 = sqrt(a2.*b2).*exp(2.*j.*pi.*rand(1,N));

n2 = sqrt((omega av/(2*SNR))) .* (randn (1,N) + j*randn (1,N));

$Amplify & Forward
A = 0.5;%sgrt(1./((al.*bl) + (1./(SNR))))

yl = conj(r).*((r.*u + n))./(r.*conj (r));
y2 = conj(rl).*conj(r2) . *(r2.*(A.*(rl.*u + nl) +
n2))./(rl.*r2.*conj(rl).*conj(r2));

y =yl + y2;

%$Demodulation
demodmsg = pskdemod(y,M) ;
[nes _amp, res_amp] = symerr (h,demodmsg)-;

%$Find total erros
errors_1 = errors_ 1l + nes amp;
end

ser amp (i) = errors_l/(N*loops);
end
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Ixnua 3.14 BER of Fixed Gain Relay for QPSK modulation in.Nakagami-m fading channels

3.4.3 Matlab script for BERof Fixed Gain Relay for QPSK'in Nakagami-m

N = 1074; % number.of-symbols
M= 4; % constellation size
kb = log2(M); % bits per symbol

ml =
k1l =
m2
k2 =

|
W N W N~

thetaMpsk, = [0:M-11*2*pi/M; % reference phase values

fl

Eb’ NO.dB [0£2%20]% % multiple Es/NO values
Es NO dB = Eb NO-dB + 10*loglO (kb);

% Mapping for-binary <--> Gray code conversion
ref = {0:M-1];

map = bitxoer (ref, floor (ref/2));

[tt ind] = sort (map);

ipPhaseHat = zeros(1l,N);
for ii = 1l:length(Eb_ NO dB)
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% symbol generation

ipBit = rand(l,N*kb,1)>0.5; % random 1's and 0's

bin2DecMatrix = ones(N,1)*(2.7[(kb-1):-1:0]) ; % conversion .from
binary to decimal

ipBitReshape = reshape(ipBit,kb,N)."'; % grouping te N ‘symbols
having kb bits each

ipGray = [sum(ipBitReshape.*bin2DecMatrix,2) ]."; *% decimal "to
binary

)

% Gray coded constellation mapping

ipDec = ind(ipGray+l)-1; $ bit group tosconstellation™peint
ipPhase = ipDec*2*pi/M; % conversion te phase

ip = exp(j*ipPhase); % modulation

S ip;

u:
SNR

I »

+ 10" (-Es_NO dB(ii)/20);
10" (Eb_NO_dB(ii)/10);

a = gamrnd(m,omega_av/m,1,N);
b = 1;%gamrnd (k,1/k,1,N);
r
n

sgrt(a.*b) . *exp (2.*j.*pi.*xrand (1,N)").;

= sqgrt ((omega av/ (2*SNR)?).) .* (randn (1,N) +_ J*randn (1,N));
al = gamrnd(ml,omega av/ml,1,N);
bl = 1;%gamrnd(k,1/k, :,N);
rl = sgrt(al.*bl).*exp(2.*]j.*pi*rand(1,N))
nl = sqrt((omega_av/(Z*SNR))).*(randn(l,N) + j*randn(1,N));
a2 = gamrnd(m2,omega av/m2,1,N);
b2 = 1;%gamrnd (K, W/k);
r2 = sqgrt(a2.*b2) *exp(2.*j.*pi.*rand(1,N));
n2 = sqrt((omega_av/{(2*SNR))) .*(randn(1l,N) + j*randn(1,N));

Al = 0.5; S&sgrt(i./«(tal.*bl)+{(1%/ (SNR))));

yl = conj(r).*((r+*a +.n)) ./ (rs*conj(xr));

y2 = conj(xrl).*conj (r2) .*x (rx2:*(Al.*(rl.*u + nl)+
n2))./(rl.*r2< *conj.(xrl) .*conj (r2)) ;

S-£inding. the phase-. from [-pi to +pi]

opPhase =“angle(y) ;

% unwrapping-the phase i.e. phase less than 0 are

sadded 2pt

opPhase(find (opPhase<0)) = opPhase (find (opPhase<0)) + 2*pi;
% ~rounding the received phase to the closest constellation
ipPhaseHat = 2*pi/M*round (opPhase/ (2*pi/M)) ;

% as there is phase ambiguity for phase = 0 and 2*pi,
changing all phases reported as 2*pi to 0.

this is to enable comparison with the transmitted phase
ipPhaseHat (find (ipPhaseHat==2*pi)) = 0;

ipDecHat = round (ipPhaseHat*M/ (2*pi)) ;
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% Decimal to Gray code conversion

ipGrayHat = map (ipDecHat+l); % converting to decimal
ipBinHat = dec2bin (ipGrayHat, kb) ; % decimal to binary

% converting binary string to number
ipBinHat = ipBinHat.';

ipBinHat = ipBinHat(l:end).';
ipBinHat = str2num(ipBinHat).' ;

% counting errors

nBitErr(ii) = size(find([ipBit- ipBinHat]);2); % couting the
number of errors
end
simBer = nBitErr/ (N*kb) ;

Non Regenerative Relays with Fixed Gain in Generalized-K fading
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Ixnua 3.15 BER of Fixed Gain Relay for BPSK modulation in Generalized-K fading channels
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3.4.4 Matlab script for BER of Fixed Gain Relay for BPSK in Generalized-K

SNR dB = 0:2:20;
omega av = 1;
m=1;
k=1;

ml=2;
k1=3;
m2=2;
k2=3;
N=10"4;

for i=l:length (SNR_dB)

errorsl=0;
SNR = 10" (SNR dB(i)/10);

for j=1:N
h = randint;
u = 2*h-1;

a = gamrnd(m,omega_av/m);
b = gamrnd(k,1/k);
r = sqrt(a*b);

n = sqgrt ((omega_ av/(2*SNR)-) ) *randmn;

al = gamrnd(ml,omegaiav/ml);

bl = gamrnd (kl1l,1/k1);

rl = sqgrti(alt*bl);

nl = sqrt((omega_av/(Z*SNR)))*randn;
a2 = gamrnd(m2,omega_av/m2);

b2 = gamrnd (k2,1/k2);

r2.= sqrt (a2*b2) ;

n2 = sqgrt((omega av/{(2*%SNR))) *randn;

Af= 0.5;+. %sqrit(k/ ((al*bl)+(1/(SNR))));

y.= r*(r*u +.n) + (r2*rl)*(r2* (A*(rl*u + nl)) + n2);
if yv.>= 0.0
h = 1;
elseif- y<e0
R e = O
end
errorsl = errorsl + (h_r~=h);
end
ber (i)~ = errorsl/N;

end
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Ixnua 3.16 SER of Fixed Gain Relay for QPSK modulation-in Generalized-K fading channels

3.4.5 Matlab script for SER of Fixed Gain Relay for QPSKin Generalized-K

M = 4;

SNR dB = 0:2:20;
omega_av = 1;

m 1;

k =1;

ml = 2;

k1l = 3;

m2 = 2;

k2 3%

N =1000;

loops. =.1000;
for+~i=1l:length(SNR-dB)

errofgml “g.0;
SNR = 102¢SNR dB(i)/10);

for z=l:1loops

h = randint(1,N,M);
u pskmod (h, M) ;
a gamrnd(m,omega_av/m,l,N);
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b = gamrnd(k,1/k,1,N);

r = sqgrt(a.*b).*exp(2.*j.*pi.*rand(1,N));
n = sqrt((omega_av/(Z*SNR))).*(randn(l,N) + j*randn (1,N)).;
al = gamrnd(ml,omegaiav/ml,l,N);

bl = gamrnd(kl,1/k1,1,N);
rl = sqgrt(al.*bl).*exp(2.*j.*pi.*rand(1,N));
nl = sqgrt((omega av/(2*SNR))).* (randn(1l,N) + J*randn(l,N)-);

a2 = gamrnd(m2,omega_av/m2,1,N);

b2 = gamrnd (k2,1/k2,1,N);

r2 = sqgrt(a2.*b2) .*exp(2.*j.*pi.*rand(1,N))

n2 = sqrt((omega_av/(2*SNR))) .* (randn(l,N) + j*randn(l,N));

$Amplify & Forward

A = 0.5;%sgrt(1./((al.*bl) + (1./ASNR)))r)=

vyl = conj(r).*((r.*u + n))./(r.*conj (xr));

y2 = conj(rl).*conj (r2) . *(r2.*A.*(rl.*u + nl) +
n2))./(rl.*r2.*conj (rl) .*conj (r2));

y =yl + y2;

%$Demodulation

demodmsg = pskdemod(y, M) ;

[nes _amp, res_amp] = symerr (h,demodmsqg) ;

%$Find total erros
errors 1 = errors_1 + nes_ amp;
end

ser amp (i) = errors_l/(N*loops);
end
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3.4.6 Matlab script for BER-of Fixed Gain Relay for QPSK'in Generalized-K

N = 1074; % number.of-symbols
M= 4; % constell@tion size
kb = log2(M); % bits per symbol
omega_av = 1;

m=1;

k=1
ml =
k1l =
m2
k2 =

w N W N~

~.

~s

thetaMpsk, = [0:M-11*2*pi/M; % reference phase values

Eb’ NO.dB [0£2%20]% % multiple Es/NO values
BES NO dB = EB NO-dB + 10*1ogl0 (kb);

fl

% Mapping for-bimnary <--> Gray code conversion
ref = {0:M-1];

map = bitxoer (ref, floor (ref/2));

[tt ind] = sort (map);

ipPhaseHat = zeros(1l,N);
for ii = 1l:length(Eb NO dB)
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% symbol generation

ipBit = rand(l1,N*kb,1)>0.5; % random 1's and 0's

bin2DecMatrix = ones(N,1)*(2.”[(kb-1):-1:0]) ; % conversion-from
binary to decimal

ipBitReshape = reshape(ipBit,kb,N).'; % grouping to-N symbols
having kb bits each

ipGray = [sum(ipBitReshape.*bin2DecMatrix,2)]."';~% decimal.tao
binary

)

% Gray coded constellation mapping
ipDec = ind(ipGray+l)-1; % bit group to comstelldtion’ pgint
ipPhase = ipDec*2*pi/M; % conversion to phase

ip = exp(j*ipPhase); % modulation
s = ip;

u:
SNR

I »

+ 10" (-Es_NO dB(ii)/20);

10" (Eb _NO _dB(ii)/10);

a = gamrnd(m,omega av/m,1,N);

b = gamrnd(k,1/k,1,N);

r = sqgrt(a.*b).*exp(2.*j.*pi.*rand(1,N));

n = sqrt((omega_av/(Z*SNR))).*(randn(l,N) + j*randn(1,N));

al = gamrnd(ml,omega_av/ml,1,N);

bl = gamrnd(k,1/k,1,N);

rl = sqgrt(al.*bl).*exp(2+.*].*pi.*rand(1,N));

nl = sqrt((omega av/(2*SNR).)) .*(randn(l,N)- + j*randn(1,N));

a2 = gamrnd(m2,omega av/m2,1,N);

b2 = gamrnd(k,1/k);

r2 = sqgrt(a2.*b2)w*exp(2.*j.*pi.*rand(l,N));

n2 = sqrt((omega av/ (2*SNR).)) .* (randn(1l,N) + j*randn(1,N));

Al = 0.5; %$sgite(l.7-aT~ *bl) + (2,4 (SNR)))) ;

yl = conj (r) .*((r.*u-+ n))./(r.*conj(r));
y2 = conji{rl) .*conj(r2)y.* (r2<* (Al.*(rl.*u + nl)+
n2)) ./ (rl.*p2%*con] (rl) = *conj«(r2).);

9900000008000 3%000000©® 0008000000000

% fimddng-thewphase from [-pi to +pi]

opPhase. = angle (y);

Swunwrapping the phase i.e. phase less than 0 are

% added.2pi

opPhase (find(opPhase<0)) = opPhase (find (opPhase<0)) + 2*pi;
% rounding-the received phase to the closest constellation
ipPhaseHat “=. 2*pi/M*round (opPhase/ (2*pi/M)) ;

as. there.is phase ambiguity for phase = 0 and 2*pi,

% changing all phases reported as 2*pi to 0.

this *is, to enable comparison with the transmitted phase
ipPhaseHat (find (ipPhaseHat==2*pi)) = 0;

ipDecHat = round (ipPhaseHat*M/ (2*pi)) ;

o

o\
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% Decimal to Gray code conversion

ipGrayHat = map (ipDecHat+1l); % converting to decimal ﬁ“mH
ipBinHat = dec2bin (ipGrayHat,kb) ; % decimal to binar H“a
éi"‘- -‘-ﬁ':-“"'-.
% converting binary string to number . R:ta j“HHh
ipBinHat = ipBinHat.'; i:“ﬂH H}%Rﬁ~~f EH";?
ipBinHat = ipBinHat(l:end).'; ™ :: " ﬁhﬁb
ipBinHat = str2num(ipBinHat).' ; {ff_ﬁ&kfhaxxziﬁéz?étbig?
e {f\::\“‘-b
% counting errors "{f: fi MM“E
nBitErr (ii) = size (find([ipBit- ipBinHat]),2):; :hﬁapﬁ' %’théﬂb
number of errors 7 \H“Eﬁh;v / t}
end { “H\v\ﬁh
simBer = nBitErr/ (N*kb) ; e g o,
|
/\/_};\:"\-.:_H B,
\\\"x_‘ J/;-:"
"y, s
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3.5 Enidoon Regenerative Relays (Decode and Forward)

Ita oxnfpoTa mou akoAouBouv pehetatal n emiboon twv Regenerative Relays, oL omoiol
QTOKWAELKOTIOLOUV TO ELOEPXOUEVO ONUa KOl TOo KwdIKoTooUv Eava mpLv. o mpowbroouv
OTOV EMOUEVO OTAOUO. Apxlkd, Tapoucotaletal n eniboon 6cov adopd-oto ‘Symbol Error
Rate, Tou Pnolakol avapetadotn os oxéon e tnv ancsuBbeiag Rayleigh cuvicTtwod; evw otn
OUVEXELD ylvovtal OUYKPIoElG TwV BewpnTIKWY HE TO AMOTEAECUATA. TNG TIPOCOUOIWONC,
xpnowporowwvtag tn HEBoSo Monte Carlo. Té€Aog, yivovtol OUYKpLOELG HETOEL TwV

Undlakwyv avopetadotwy Kal Twv avaloykwy (CSI). H: Ty Tou képSoug TWV aVOAOYIKWY

avoapetadotwy divetal and tn oxéon (3.10) . Ta mepBairovta Siddoong xapaktnpilovrol

amnd Stoheielg mou akoAouBouv tnv katavour Generalized-K.

Decode & Forward Relay (QPSK)
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Ixnua 3.18 SER of Regenerative Relay for QPSK modulation in Generalized-K fading channel
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3.5.1. Matlab script for SER of Decode and Forward Relay for QPSK in Generalized-K

global g m ml x L

M = 4;
g=(sin(pi/M))
SNR dB = 0:2: 30; $SNR dB = 0:5:40;
omega_av = 1;
L=1;

m= 1;

k = 10.5;

ml = 1;

k1l = 10.5;
m2 = 1;

k2 = 10.5;

N = 500;

loops = 1000;
for i=l:length (SNR_dB)

errors=0;

errorsl=0;

SNR = 10" (SNR_dB ( )/10)
x=SNR;

for z=1l:1loops

s = randint (1,N,M);"5 “Randem-message
u = pskmod(s,M;pi/M); %.Modulate” using QPSK.
al = gamrnd(ml,omega av/ml, ~[1,N]);
bl = gamrnd(kl,1/kl, [1, N])
hl ='sqgrt(al<~*bl).*exp(2.*j.*pi.*rand(1,N));
nl =
sqgrt ( (omega_av./ (2*SNR)))..* (randn(l,N)+j*randn (1,N)) ;
az-= gamrnd(mZ,omegaiav/mZ, [1,N]);
b2 = gamrnd (k2,1/k2; [1,N]);
h2 = sqrt (a2.*b2) .*exp(2.*j.*pi.*rand(1,N));
n2-=
sqrt((omega_av./(Z*SNR))).*(randn(l,N)+j*randn(1,N));
grQf= (h*fm, + n);
rlt= (hl.*u-+ nl);
yl.= ‘“coni (hl).*rl./(conj(hl).*hl);
sl-= pskdemod(yl,M,pi/M) ;
ul = pskmod(sl,M, pi/M);
[nesl,resl] = symerr(s,sl);
errorsl = errorsl + nesl;

r2 = h2.*ul + n2;
$y0 = conj (h).*r0./ (conj (h).*h);
y2 = conj (h2).*r2./ (conj (h2).*h2);

$DEMODULATION using only the relay link
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s2 = pskdemod(y2,M,pi/M) ;
[nes,res] = symerr(s,s2);

$ Find total errors from previous loops

errors = errors + nes;
end
serl (i) = errorsl/ (N*loops);
ser (i) = errors/ (N*loops):;

ser th(i) = (1/pi)*quadl(@mgf, 0, pi-pi/M, 10" (-6));
end

Analytical end-to-end SNR
10 T T T T T

---- Amplify and Forward |
———————— F---= e Decode and Forward |

Symbol Error Rates

SNR (dB)

Ixnua 3.19 Theoretical results for 16QAM in Generalized-K fading channel

3.5.2..Matlab script for 16QAM comparison in Generalized-K

SNRAB=0:2:30;
ml=1;
k1=10.5;

m2=1;
k2=10.5;

SNR=10." (SNRdAB/10) ;
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N=1000;
itr=1000;
for step=l:itr

for kk= 1:1:1length (SNRdB)

hl=1;
h2=1;

hl=h1l.*SNR(kk) ;
h2=h2.*SNR (kk) ;

Rlm = gamrnd(ml,hl/ml, 1, N);
R1k = gamrnd(kl,1/k1l, 1, N);
Rl = Rlm.*R1k;

R2m = gamrnd (m2,h2/m2, 1, N);
R2k = gamrnd(k2,1/k2, 1, N);
R2 = R2m.*R2k;

eqv = 1./ ((1+1./R1).*(1+1./R2)-1);

eqv_min = min(R1, R2);

M=16;

b=3/(M-1);

EXACT gaml=(4* (sqrt (M) 1) /sgrt(M)) *gfunc(sqrt (b*eqv)) -
(4% (sgqrt (M) -1) .72/M) . * (gfunc (sqgrt (b*egv)))..22;

Min gaml=(4* (sqrt (M) =1) /sqrt (M))*gfunc(sqrt (b*eqv_min)) -
(4* (sqrt (M) -1) .72/M) . * (gfunc(sqgrt{b*egv.min))?) . 2;

ExactQAMliNZ(step,kk)=sum(EXACT7qaml)/N;

MinQAM1 N2 (step, kk)=sum (Min.gaml) /N;

end
end

ExactQAM17N2=sum(ExactQAMliN2)/itr
MinQAM1 N2=sum'(MinQAMl N2)/itr
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Analytical end-to-end SNR

10 .

Symbol Error Rates

Amplify and Forward

Decode and Forward

Ixnua 3.20 Theoretical results for QPSK in Generalized-K fading channel

3.5.3. Matlab script for QPSK comparison in Generalized-K

%close all
clear all
%clc
SNRAB=0:2:30;

ml=1;
k1=10.5;

m2=1;
k2=10.5;

SNR=10..2(SNRAB/10) ;
N=1-000;

itr=1000;

for step=l:iitr

for kk= 1:1:length (SNRdB)

hl=1;
h2=1;

hl=h1l.*SNR(kk) ;
h2=h2.*SNR (kk) ;

SNR (dB)
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Rlm = gamrnd(ml,hl/ml, 1, N);
Rl1k = gamrnd(kl,1/k1l, 1, N);

R1

= Rlm.*R1k;

R2m = gamrnd(m2,h2/m2, 1, N);
R2k = gamrnd(k2,1/k2, 1, N);

R2

= R2m.*R2k;

eqv = 1./ ((1+1./R1).*(1+1./R2)-1);
eqv_min = min(R1, R2);

M=4;
EXACT gpskl=2.*gfunc (sqrt (eqv)) - (gfunc(sgrt(eqv))) .”2;

Min gpskl = 2.*gfunc(sgrt(eqv_min)) - (gfunc.(sqgrt(egv_min)))

ExactQPSKliNZ(step,kk)=sum(EXACT7qpskl)/N;
MinQPSK1 N2 (step, kk)=sum(Min gpskl) /N;

end
end

ExactQPSK17N2=sum(ExactQPSK17N2)/itr
MinQPSK17N2=sum(MinQPSKliNZ)/itr

Symbol Error Rates

Decode & Forward Relay (QPSK)

w2}

10’

—— Simulation

o
ab---
-
o
N
[$,]
N
o

SNR (dB)

Ixnua 3.21 Simulation vs. Theoretical results in Generalized-K
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—— Decode and Forward Relay
—6— Amplify and Forward Relay [t

‘\

10°
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30

SNR (dB)

Ixnua 3.22 Decode and-Forward vs. Amplify.and Forward in Generalized-K
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Napaptnua A: NapaBeon AoyLopLkou

1.1 Rayleigh Fading

o°

Matlab script for plotting the probability density
function of Rayleigh random variable

o

close all
clear all

N = 1076;

x = randn(1l,N); % gaussian random variable, mmean. 0, variance I
y = randn(l,N); % gaussian random variable, mean 0 variance-?
z = (x + j*y); % complex random variable

$probability density function of abs(z)

zBin = [0:0.01:7];

sigmaz = 1;

pzTheory = (zBin/sigma2) .*exp (- (zBin.”2)/(2*sigma2)) ;. % theory
[nzSim zBinSim] = hist (abs(z),zBin)y % . simulation

o\°

probability density of theta

%thetaBin = [-pi:0.01:pi];

$pThetaTheory = 1/ (2*pi) *onegs (siZe (thetaBin)9).;

% [nThetaSim thetaBinSim] = hist (angle(z) fthetaBin); % simulation
sfigure

plot (zBinSim,nzSim/ (N*0:01), *m") s

hold on

plot (zBin,pzTheory, 'b=")

xlabel('z"); i

ylabel ('probability.dénsity, p(z)™%);
legend('simulation™, 'theory-) ;
title('Probability density function of abs(z)' )
axis ([0 7 0 0.71)s

grid on i

$figure

$plot (thetaBinSim, nTheétaSim/«N*0.01), 'm");
%hold on

$plot (thetaBin;pThetaTheoryy. 'b-")

$xlabel L") ;

Sylabel (! probability. density, p(6)"');
$legend ('simulatton™, "theory') ;
stitlet!Probability~density function of ©6')
Yaxis (e l=prd, 00%21])

sgfdid. on
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1.2 Rician Fading

function y = ricepdf(x, v, s)

% RICEPDF Rice/Rician probability density function (pdf).

y = ricepdf(x, v, s) returns the pdf of the Rice (aka Rician)
distribution with parameters v and s, evaluated at thewwalues dn.x:

o\°

o

s2 = s8.72; % (neater below)

try
y = (x ./ s2) .*...
exp(-0.5 * (x.7"2 + v."2) ./ s2) .*...
besseli (0, x .* v ./ s2);
$ besseli (0, ...) 1s the zeroth order-modifiéd . Bessel
function of
% the first kind. (see help bessel)

y(x <= 0) = 0;
catch
error ('ricepdf:InputSizeMismatch{, ...
'Non-scalar arguments must match in.size.')%

end

%% The Rician PDF
x = linspace(0, 8, 100);
close;

$subplot (3, 1, 1)
figure;

plot (x, ricepdf(x, O,

i X, rigegdf (x; = i, ™I

X, ricepdf(x, 2,-1), x
(9} il
AVA

,wricepdf (x, 4,.71))
$title ('Rice PDF with ="
legend('v=0"', 'v=1% dv=2"', 'v=4.!)

grid on;
$subplot (3,1,2)
figure;

plot (x, ricepdf (x, 1y
X, ricepdf(x, 1,

$title ('Riceé PDF with

legend('oc=0.25", 'o=0:

$subplot (3, %,3)

grid on;

0 < O

1.3 Nakagami-m Fading

Glear;
%0,:0.1:87

ml=1;
m2=2;
m3=3;
md=4;
m5=5;
omegal=1l;
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omega2l=2;
omegal3=3;

Syl=((2.*(ml.”ml))./(1.* (omegal.”ml))).*(x."(2.*(ml-1))) .*(exp (~
(ml.*(x."2)./omegal)));
y2=((2.*(m2.”m2)) ./ (1l.*(omega2."m2))) .*(x.~(2.* (m2-1)) ). *(exp (=
(m2.*(x."2)./omega2)));
y3=((2.*(m3.”m3))./(2.%* (omegal."m3))) .*(x."(2.* (m3-1)))..* (exp (=
(m3.*(x.72)./omegal)));
y4=((2.*(md.”md)) ./ (6.* (omega2."m4d))) . *(x.~(2.* (md=1).)) .* (exp (=
(md.*(x."2)./omega2)));
y5=((2.*(ml.”ml))./(1.*(omega3.”"ml))).*(x."(2.%(ml-1)).) .*(exp (-
(ml.*(x."2)./omega3)));

$plot (x,yl, 'b-");
%hold on;
plot(x,y2,'r=");

hold on;
plot (x,y3,'g-");
hold on;
plot(x,v4,'yv-");
hold on;

plot(x,y5,"'c-");

legend ('m=2, omega=2', 'm=3, omega=l',.m=4,~.omegaz2, ' 'm=1, omega=3")
%legend ('m=2, omega=2', 'm=3, omeda=l", "m=4,-Omega=2")

ylabel ('Probability Density Funetiond)

grid on;

1.4 Composite Fading

clear;
x=0:0.1:7;
m=2;

k=2;
omega=1;
ml=3;

k1=3;
omegal=2;
m2=2;

k2=4;
omegal=1.5;
m3=2;

k3=3;
omega3=1.5;

nu=k-m;
z=2-*((m./omega) .~ (1/2)) .*x;
Kei=besselk (nu,z).;

nul=kl=-ml;

z1=2.* ((ml:/omegal) .~ (1/2)) .*x;
Keil=besselk(nul, zl);
nu2=k2-m2;

z2=2.* ((m2./omega2) .~ (1/2)) .*x;
Kei2=besselk (nu2,z2);
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nu3=k3-m3;

z3=2.* ((m3./omegal) (1/2) X;

Kei3=besselk (nu3, 23)

y=(((4.*m.” ((k+m) ./2))./(1.*1.*omega.” ((k+m)./2) * (x.” (k+m=

1))) .*Kei;

yl=(((4.*ml."((k1l+ml)./2))./(2.*2.*omegal.” ((kl4+ml)./2)) ). *(x.” (Kl+ml
-1))) .*Keil;

y2=(((4.*m2." ((k2+m2) ./2)) ./ (1.*6.*omega2.” ((k2+m2)". /2))) .* (x:2 (k2+m2
-1))) .*Kei2;
y3=(((4.*m3."((k3+m3) ./2)) ./ (1.*2.*omega3.” ((k3+m3)../2))) .* (x.” (k3+m3
-1))) .*Kei3;

plot(x,vVy);

hold on;

plot(x,yl, 'r-");

hold on;

plot(x,y2,'g-");

hold on;

plot(x,y3, -');

legend('m=2, k=2, omega=l', 'm=3, k=3, omega=2"', 'm=2,- k=4, omega=1l.5"',
'm=2, k=3, omega=1l.5")

ylabel ('Probability Density Function™);

grid on;

2.1 Gamma PDF

clear;

x = 0:0.1:10;

omega = 1;

ml = 1;

m2 = 2;

m3 = 3;

y = gampdf (x,ml,omega) ;
y2 = gampdf(x,m2,omega) ;
y3 = gampdf(x,m3,omega)-;
figure;

Dlab X, VeAb— Sy, r-"
xlabel(.'y wvaldes')s

ylabel ("pdf ")
legend ('m=1 " (exponential) ',
grid™ong;

1X1y3, 'y_'>;

'm=2"', 'm=3");

64



2.2 MGF method

function y=mgf (phi);

global gM m x;

tmp = sin(phi) .*sin (phi);

y = (1 + (gM.*x./(m.*tmp) )) ." (-m) ;

e 2.1.3 Matlab script for SER with MGF method

clear;
global gM m x;
m=4;
M=4; % QPSK
gM=sin (pi/M) *sin (pi/M) ;
aM=2;
for i=0:30 % 1= SNR in dB
x=10"(1/10) ; % x=SNR in real number inside. equatiens
ser (i+1) = (aM/pi)*quadl (@mgf,0, (pi/2),10"(-6));
snr (i+1)=1i;
end

semilogy(snr, ser, '-'")

xlabel ('average SNR per symbol (dB))
ylabel ('Average SER'")

axis ([0, 30, 10"(-6), 10"(=0)1)

e 2.2.1 Matlab script for MGF method vs. Simulation

o°

Theoritical vs Simulation Results - MGF.Method vs Simulation
Rayleigh Fading (m=1)

Any other value f@r m-> Nakagami-m

clear;

global g m m2 x L

o°

o°

M = 4; $ M=2 for' BPSK

g = (sin(pi/M))22; %$*g=l “tor BBSK
SNR dB = 0:2:30;

omega av =.1;

L=2;

m=1;

k = 10.5;

m2 il g

k2 +=Q.5;

N =.1000;

loops = 8007

for i = l:length (SNR dB)
errors = 0;
SNR =102 (SNR _dB (i) /10);

x = SNR;

for z = 1:1oo0ps
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0]
I

= randint (1,N,M); SRandom message
= pskmod (s, M) ; $Modulate using PSK

[«
|

a = gamrnd(m,omega_av/m, [1,N]); % Direct channel

b = gamrnd(k,1/k, [1,N]);

h = sgrt(a.*b).*exp(2.*j.*pi.*rand(1,N));

n = sqrt((omega_av./(Z*SNR))).*(randn(l,N)+j*randn(1,N));
az = gamrnd(mZ,omegaiav/mZ, [1,N]); % Relay*channel

b2 = gamrnd (k2,1/k2, [1,N]);

h2 = sqgrt(a2.*b2) .*exp(2.*j.*pi.*rand (1,N));

n2 = sqrt((omega av./(2*SNR))) .* (randn(¥,N)+j*randn(l,N));
rO0 = (h.*u + n); % Direct
r2 = (h2.*u + n2); % Relay

y0 = conj(h).*r0;
y2 = conj (h2) .*r2;
y = ((y0 + y2)./(conj(h).*h + conj+(h2).*h2)")/L;

%$DEMODULATION
demodmsg = pskdemod (y, M)

[nes,res] = symerr (s,demodmsq) ;

$FIND TOTAL ERRORS EROM«wPREVIOUS™“LOOPS

errors = errors + nes;
end
ser (i) = errors/(N*loops); % ‘Simulation
ser th(i) = (1/pi)*quadl(@mgf, 0, pi-pi/M, 10" (-6)); % MGF

end

semilogy (SNR dB, ser;-.'r=+', SNR dB; ser th, 'k-");
legend('Simulation™, 'Thedcry!) ;

xlabel ('SNR (dBj ') ylabel ('"SER');

axis ([0 20 107(=4.5)_ 10~(=0)1).;

grid on;
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3.1 Relays

e 3.3.1 Matlab script for SER of Non Regenerative CSI Relay in Nakagami-m

clear;

M = 4;

SNR _dB = 0:2:20;
omega_av = 1;
%1lst case

m= 1;

k =1;
ml =
k1l =
m2 =
k2 =
%2nd
m3 =
k3 =
md =
k4 =
mS =
k5 =
%3rd
mo =
ko =
m7 =
k7
m8 =
k8 =
%4th
m9 =
k9 =
ml0 =
k10
mll
k1l =

~e Ne

~.

Q) ~e

se

Ne Ne Ne N

o N

Il
O YO oY WY Uy U YN O WK WDN .
Ne Ne Ne Ne )N
%)
¢}

~.

Q) ~e

se

I
= e e
o o

L
[EE—
o o

N = 10000;
loops = 1000;

for i=l:length(SNR-dB)

SEY O S Sl =
SEBGTS 2
er AL Sw=.3
erromsh, 4 =

I
o N

@ DO O
~

~.

~e

SNR =.10”(SNR dB(1i)/10)

for 'z=1:1oops

h = randint (1,N,M);
pskmod (h,M) ;

o
Il

o°

99990000000000000 00000000000
00000000 3%%%%%1st CASE $%3%%%%%%%%%
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a = gamrnd (m,omega_av/m,1,N);

b = 1;%gamrnd(k,1/k,1,N);

r = sgrt(a.*b).*exp(2.*j.*pi.*rand(1,N));

n = sqrt((omega_av/(Z*SNR))).*(randn(l,N) + j*randn(l,N).)
al = gamrnd(ml,omega av/ml,1,N);

bl = 1; %gamrnd(kl,1/k1,1,N);

rl = sqgrt(al.*bl).*exp(2.*j.*pi.*rand(1l,N));

nl = sqgrt((omega av/(2*SNR))) .* (randn(1,N) '+ ,*randn(l,N));

a2 = gamrnd(m2,omega _av/m2,1,N);

b2 = 1; %gamrnd(k2,1/k2,1,N);

= sqgrt(a2.*b2) .*exp(2.*j.*pi.*rand(1,.N));

n2 = sqrt((omega av/(2*SNR))) .* (randn (1,N) + j*randn (1,N));

l
N
|

)
)
)
)
o
o
o
o
o
o
o
o

%%%%%%%%%%% 2nd CASE %%%%%%%%%%%35%%%%%%%
gamrnd (m3, omega_av/m3,1,N);
b3 = 1;%gamrnd (k,1/k,1,N);

I o

r3 = sqgrt(a3.*b3) .*exp(2.*j.*pi.*rand (1,N)) ;

n3 = sqgrt((omega av/(2*SNR))) .*(randn(1,N) + j*randn(l,N));
ad = gamrnd(m4,omega7av/m4,l,N);

b4 = 1; %$gamrnd(kl,1/k1l,I.N)5

r4 = sqgrt(ad.*bd) .*exp(2.%j *pt.*rand(1,N));

nd = sqrt((omega_av/(Z*SNR))).*(randn(l,N) + j*randn(1,N));

a5 = gamrnd(m5,omega-av/m5,1,N);

= 1; %$gamrnd(k2,1/k2%%, Ny

sgrt (a5.*b5).*exp (2.*%j.*pi~ *rand (1,N)) ;

nb = sqrt((omega_av/(2*SNR))).*(randn(l,N) + j*randn(l,N));

s O
(G
I

o

5555555555555 2552%%55%%% "3 rd CASEZE%%%%%%%%%%%%%
gamrnd (m6; omega av/mé6, 1,N) ;
= 1;%gamend(k,1/k,1,N).;

r6 = sqgrti{ab6.*b6).*exp(2.*j.*pi.*rand(1,N));
sqrt((omega_av/(Z*SNR))).*(randn(l,N) + j*randn(1,N));

I o

3 o
o o
Il I

a7 gamrnd (m7 .omega av/m7,1,N);
b7 =1 ~ggamrnd«kl, /k1,9/N) ;

r7./= sqrt(a’.*b7) .*exp(2.*j.*pi.*rand(1,N));

n7 = sqrt((omega av/(2*SNR))).* (randn(l,N) + j*randn(l,N));
a8 =‘'gamrnd (m8,omega. av/m8,1,N) ;

b8, = I -S$gamrnd (K27.1/k2,1,N);

r8u= sqgrt(a8:*b8) .*exp (2.*j.*pi.*rand(1,N));

n8 ="sgrt ((omega ‘av/ (2*SNR))) .* (randn(1,N) + j*randn(1l,N));
2E552%555%55%5%5%%%% 4th CASE %%%%%%%%%%%%%%%%

a9 = gamrnd(m9,omega_av/m9,1,N);

b9 1;%gamrnd (k,1/k,1,N);

r9-= "sgrt(a%.*b9) .*exp(2.*j.*pi.*rand(1,N));
n9 =.sgrt((omega av/(2*SNR))).* (randn(1l,N) + j*randn(l,N));

al0 = gamrnd(ml0,omega av/ml0,1,N);

b1l0 ='1; %gamrnd(kl,1/k1l,1,N);

rl0 = sqgrt(ad.*bd) .*exp(2.*j.*pi.*rand(1,N));

nl0 = sqgrt((omega av/(2*SNR))) .* (randn(1,N) + j*randn(l,N));
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all = gamrnd(mll,omega av/mll,1,N);

bll = 1; %gamrnd(k2,1/k2,1,N);

= sqgrt(all.*bll).*exp(2.*j.*pi.*rand(1,N));
nll = sqrt((omega_av/(Z*SNR))).*(randn(l,N) + j*randn (1,N) )7

o]

-

Ju
I

$%%%% Amplify & Forward %%%%%%% 1lst CASE $%%%%%%%%

A = sqgrt(l./((al.*bl) + (1./(SNR))));

yl = conj(r).*((r.*u + n))./(r.*conj(xr));

y2 = conj(rl) .*conj(r2).*(r2.*(A.*(rl.*u +,/nl) +
n2))./(rl.*r2.*conj(rl) .*conj (r2));

y =yl + y2;

$%%%% Amplify & Forward %$%%%%%% 2nd CASE $%%%%%%%

A2 = sqgrt(l./((ad4.*bd) + (1./(SNR))).);

y3 = conj (r3).*((r3.*u + n))./(r3.*conj (r3)):;

y4 = conj(r4d) .*conj (rd) .*(r5.* (A2:* (r4.*u + nd) +
n5)) ./ (rd.*r5.*conj (r4) .*conj (r5));

y5 = y3 + vy4;

$%%%% Amplify & Forward $%%%%%%3rd.CASE %%%%%%%%

A3 = sqgrt(l./((a7.*b7) + (1./(SNR)))).;

y6 = con]j (r6).*((r6.*u + n))./(x6.*conj (r6));

y7 = conj(r7).*conj (r8) .*(r8.* (A3.* (r7.*u + n7) +
n8))./(r7.*r8.*conj (r7).*conj (r8)) ;

y8 = y6 + y7;

$%%%% Dmplify & Forward %%3%% % 4thCASFE. $%$%%%%%%

A4 = sqgrt(l./((all.*bll) -+ (1+/(SNR)).)) ;

v9 = conj (r9).*((r9.*u + m)) ./ (r9.*conj(r9));

y1l0 = conj (rl0) .*conj(rll) .*(rll.* (A4.* (rl0.*u + nl0) +
nll))./(rl0.*rll.*conj(rlQ) .*conj (r11)).;

yll = y9 + y107

$%%%%% Demodudlation CASE.1l $%%5%3%%
demodmsg =-pskdemod(y,M) ;
[nes amp,res amp] =.symerr (h,demodmsgq) ;

%$%%%%% Démodulration CASES/ 2 £%%%%%%
demodmsg?2. = pskdemod (y5,M);
[nes _amp2,res amp2].="-symerr (h,demodmsg2) ;

$5%%%% Demodulation CASE 3 %$%%%%%%
demodmsg3 = pskdemod (y8,M) ;
[nes amp3jres amp3] = symerr (h,demodmsg3) ;

$%%% 5% bemodulation CASE 4 $%%%%%%

demodmsg4 = pskdemod(yll,M);
[nes amp4,res amp4] = symerr (h,demodmsg4) ;

$Findtotal erros

errors 1= errors 1 + nes_amp;
errors 2 = errors 2 + nes_ampZ;
errors 3 = errors 3 + nes_amp3;
errors 4 = errors 4 + nes_amp4;
end
ser amp (i) = errors_l/(N*loops);
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¢
.

ser amp2 (i) = errors_ 2/ (N*loops);

ser amp3 (i) = errors 3/ (N*loops); by

ser amp4 (i) = errors_4/(N*loops); . QEQ:J-
end A, o Wy

-, -__ -._"W-__"_.' .._"‘-..

figure; 'Qf:”_ . W.;
semilogy (SNR _dB, ser amp, 'b-',SNR dB, ser amp2, 'rx-',S “dB%h ey :
ser amp3, 'go-',SNR dB, ser amp4, 'y+-'); f-_'n_ﬁ xﬁh”-éhh:“lx Q,
axis ([0 20 107 (-5) 17) £ TN
grid on; P, 5.'. *N. e
legend ('m=1, ml=m2=2', 'm=4, ml=m2=6', 'm=6, ml=m2=8. “m—4 W | e,
ml=m2=10") ; i ~:~',\ ry w-x
xlabel ('Es/No, dB'); ylabel ('SER'); Fy "' N "'.‘i-. "
title ('Non Regenerative CSI Relay in Nakaga@i—mxfadlng 3hannéls ) ;

. ';-.ﬂ* “.-"f / ﬂl"‘-.u
$figure; i \Mﬁ ¥ 4 e,
$bins=200; s, N,
$[§1 xout]=hist (A,bins); e ﬂ-."-___:' ot
%bar (xout, jl/ (N*max (xout)/bins)) o o, I T
%h=findobj (gca, 'Type', 'patch'); o x* ey
%set (h, 'Facecolor', 'r', 'Linestyle’', "'y'Edgeqolor w*)
splot (B); b, "

$title('Gain Values for Non Regenera31V&RCSI ReIays s
$xlabel ('"Number of Samples'); 4, L

sylabel ('Gain') ; h "‘qu '-."-. o, Y
- - -."' \ "\-.‘" ., "'_l-
sfigure; "-'.'-.-‘"-.-.'_'_"-'_:_'__--.__ R )
$bins=200; S M,
$[j2 xout2]=hist (A2,bins) % S 'x'"- e TR
$bar (xout2, j2/ (N*max xgﬁ%? »/lin f) iy, HQT“~~}
%h2=findobj (gca, '"Type' ' pétch % A A '¢t}

%set(hZ,'Facecolor','ﬂ' “Llnestybé- ':',1EQgecolor','w')

Splot (A2) ;
$title('Gain Value fgr Non Regemerati&a CSI Relays');
%xlabel ('Number of Samplas ‘:,
o et

Sylabel ('Gain') ;. " Y, o

Fom e, W u

lu‘ l. '\-' o -.-- Y .-" 4
$figure; f’ iy '"Qxh'-l, NV
Sbins= 200 . ™ s . ", s

%93 XOut3]fhth A3 blnshﬁ %
$bar (xout3y JF3/ (N*mak (xout3kﬁblns
$h3= flndobj% ca,'TyB§~ kpatchqx
%set (h3, 'Eacecplot' k ﬂ;&nestyle ':','Edgecolor', 'w'")
oplOt A3 Wy ‘-'-._{ %, .-
Stitlet Gain Vﬁiq@s'for Noﬁ Regenerative CSI Relays');
$xlabel ( Nﬁmh@rngfigémpﬂqgf

oylaﬁgl( GgiQxHT";fL

d"'-. h‘- T . i }
SLpure; e .,
B&nséQOO“ f A " Vi el o

-{{34 xouté] hlSt(A4‘blnS)

obarjxoutﬂ -J@Z(N*max(xout4)/bins))

$hi= ﬁandobj(gbqﬂ Type', "'patch') ;

oset(hﬁp_ﬁacecoior 'r','Linestyle',':"', '"Edgecolor', 'w'")
Splot (A) ;i

$title('Gain-Values for Non Regenerative CSI Relays');
%$xlabel ("Number of Samples');

Sylabel ('Gain') ;
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e 3.3.2 Matlab script for BER of Non Regenerative CSI Relay in Nakagami-m

clear
N = 1075; % number of symbols
% constellation size
kb = log2(M); % bits per symbol
=1

~e N

~.

Q) ~e

se

Ne Ne Ne N

.o~

k5 =
%3rd
mo =
ko =
m7/
k7
m8 =
k8 =
%4th
m9 =
k9 = 4;
ml0 = 10;
k10 = 10;
mll 10;
k11 = 10;

([
BSOS Q V0N WOHRQ TN QO WN WN -~
Ne Ne Ne Ne )N
)
o

~.

9~

se

.o~

thetaMpsk

[0:M~1] *2*p1/M; % ‘referénce phase values

Eb NO dB [0:2:2Q07; % multiple. Es/NO values
Es NO dB ‘= Eb NO dB-+.10*16g1Q (kb) ;

% Mapping fer. bihary <--> Gray code conversion
ref = [0:M-11];

map = bitxer (ref,floor (ref/2));

[tt ind] = sort<{map);

ipPhaseHat = zeros(l,N);

for "ii. = 1:length(Eb_NO dB)

%.symbol™generation

ipBit "= .rand (1,N*kb,1)>0.5; % random 1's and 0's

bin2DecMatrix = ones(N,1)*(2."[(kb-1):-1:0]) ; % conversion from
binary to decimal
ipBitReshape = reshape(ipBit,kb,N).'; % grouping to N symbols

having kb bits each
71



ipGray = [sum(ipBitReshape.*bin2DecMatrix,2)]."'; % decimal to
binary

% Gray coded constellation mapping
ipDec = ind(ipGray+l)-1; % bit group to constellation point
ipPhase = ipDec*2*pi/M; % conversion to phase
ip = exp(j*ipPhase); % modulation
s = ip;

0~ (-Es_NO dB(ii)/20);
(Eb_NO_dB(i11) /10);

>

a = gamrnd(m, omega_av/m,
b = 1;%gamrnd(k,1/k,1,N);
r = sgrt(a.*b).*exp(2.*j.*pi.*rand (1, N));

n = sqrt((omega_av/(Z*SNR))).*(randn(l,N) + -j*randn(l,N)) ;

al = gamrnd(ml,omega_av/ml,1,N)

= 1; %gamrnd(kl,1/k1,1,N)};

sgrt(al.*bl) .*exp(2.*j.*pi.*rand(1,N));

nl = sqgrt((omega av/(2*SNR))) .* (randn(1,N) + j*randn(l,N));

s O
=
([

a2 = gamrnd(m2,omega_av/m2,1,N);

b2 = 1; %$gamrnd(k2,1/k2,1,N).;

r2 = sqgrt(a2.*b2) .*exp(2.*]j.*pi.*rand(l,N)) ;

n2 = sqrt((omega av/(2*SNR).))-.*(randn (1,N) + j*randn(1l,N));

$%%%%%%%%%%% 2ndsCASE 3353235933953 2%55%%5%%
a3 = gamrnd(m3,o6mega av/m3,1,N);
b3 = 1;%gamrndi(kl4/k,1,N) ;

r3 = sqrt(a3.*b3).*exp(2.*j:*pi.*rand(1l,N));

n3 = sqrt((emega av/(2*SNR))).* (randn(1l,N) + j*randn(l,N));
a4 = gamrnd(m4,omega_av/m4,1,N);

b4 = 1; /Sgamrnd (k1, k/k1,1,N);

r4 = sgrti(ad.*bd).*exp(2.*J.*pi.*rand(1,N));

nd = sqrt((omega_av/(Z*SNR))).*(randn(l,N) + j*randn(1,N));

a5./= gamrnd(m5,omega .av/m5,1,N);

b5w=1; %$gamrnd(k2,1/k¥k2,1,N);
rS.="sqgrt(ad.*b5) . *exp(2.*j.*pi.*rand(1,N));

n5 ="sqgrt ((omega av/.(2*SNR))).* (randn(1l,N) + j*randn(1,N));

(o)}

a6 =, gamrnd(mé6,omega av/m6,1,N);
b6-.= Iy%gamrnd(k,1/k,1,N);

r6 = sqrt(ab6.*b6).*exp(2.*j.*pi.*rand(1,N));

né = sqrt((omega av/(2*SNR))).* (randn(l,N) + j*randn(1l,N));

a7 gamrnd (m7, omega_av/m7,1,N);
b7 =-1;“%gamrnd(kl,1/k1,1,N);

r7] = sqgrt(a7.*b7).*exp(2.*j.*pi.*rand(1l,N));

n7. = sqrt((omega av/(2*SNR))).* (randn(1l,N) + j*randn(l,N));
a8 = gamrnd(m8,omega av/m8,1,N);

b8 = 1; %$gamrnd(k2,1/k2,1,N);

r8 = sqgrt(a8.*b8).*exp(2.*j.*pi.*rand(1,N));

72



n8 = sqgrt((omega av/(2*SNR))).* (randn(1l,N) + j*randn(l,N));

$55%%%%%%%%%%%%%% 4th CASE $%%%%%%%%%%%%%%%

a9 = gamrnd(m9,omega _av/m9,1,N);

b9 = 1;%gamrnd(k,1/%k,1,N);

r9 = sqgrt(a9%.*b9) .*exp(2.*j.*pi.*rand(1,N));

n9 = sqrt((omega av/(2*SNR))) .* (randn(1l,N) + j*randn(l,N));

al0 = gamrnd(ml0, omega av/ml0,1,N);

bl0 = 1; %$gamrnd(kl,1/k1,1,N);

rl0 = sqgrt(al0.*bl0).*exp(2.*j.*pi.*rand (L,N));

nl0 = sqrt((omegaiav/(Z*SNR))).*(randn(l,N) +j*randn (1,N)).;

all = gamrnd(mll,omega av/mll,1,N);

bll 1; %gamrnd(k2,1/k2,1,N);

rll sgrt(all.*bll) .*exp(2.*].*pi.*rand (1,N));

nll = sqrt((omega_av/(Z*SNR))).*(randn(l,N) + j*randn (1,N));

$%%%% Amplify & Forward $%$%%%%%% lst CASE %$%%%%%%%

A = sgrt(l./((al.*bl) + (1./(SNR))));

yl = conj(r).*((r.*u + n))~/(x.*conj(r));

y2 = conj(rl).*conj (r2) .* (2 .* (A.* (rl.*u + nl) +
)

n2))./(rl.*r2.*conj (rl).*conj(r2
y = vyl + y2;

$%%%% Amplify & Foxward "$%% 5555 2Ad“CASE $%%%%%%%

A2 = sqgrt(l./((ad.*b4) + A1./.(SNR)))) 7

y3 = conj (r3) . *((r3.*u + n)) ./ tr3.*conj (r3));

yv4 = conj (r4) .*conj(rd) .*x(r5.* (A2 *(rd.*u + n4) +
n5)) ./ (rd.*r5.*con] (rd) . *conj«(r5));

yS> = y3 + y4;

$%$%%% Amplify & Forward $%%%3%% 3rd CASE $%%%%%%%

A3 = sqgrt(l./((a7.*pb7). + (1./(SNR))));

y6 = conj (r6).*((r6.*u"+ n))./(r6.*conj(r6));

y7 = conj(r7) «*conj (r8).* (r8.* (A3.*(r7.*u + n7) +
n8)) ./ (r7.*r8.*conj (r7) :*coniy (r8));

y8s= v6 + ¥

$%%5S~Aplify & Borward $%%%%%% 4th CASE $%%%%%%%

> o
o~
Il

sgrt (1./ ((alli*pbll) (
y9-= conj (9) .* ((r9%.*u + n))
y1l0 = conj{(rl0)..*conj(rll).~*
nll)y) /A (rl0%*rll+*conyg (r10) .*conj (rl
vl = "y O + VBO

+

/(SNR))));

(r9.*conj (r9));
11.*(A4.*(r1l0.*u + nl0) +
)

)

% finding the phase from [-pi to +pi]

opPhase = angle(y):;

% unwrapping the phase i.e. phase less than 0 are

% added 2pi

opPhase (find (opPhase<0)) = opPhase (find (opPhase<0)) + 2*pi;
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o

°

rounding the received phase to the closest constellatien

ipPhaseHat = 2*pi/M*round (opPhase/ (2*pi/M)) ;

o

o
°
o
°

as there is phase ambiguity for phase = 0 and 2*pi,
changing all phases reported as 2*pi to 0.
this is to enable comparison with the transmitted.phase

ipPhaseHat (find (ipPhaseHat==2*pi)) = 0;
ipDecHat = round (ipPhaseHat*M/ (2*pi)) ;

o

°

Decimal to Gray code conversion

Q

ipGrayHat = map (ipDecHat+l); % converting to decimal. |
ipBinHat = dec2bin (ipGrayHat,kb) ; % decimal to binary

Q

°

converting binary string to number

ipBinHat = ipBinHat.';
ipBinHat = ipBinHat(l:end).';
ipBinHat = str2num(ipBinHat).' ;

o

°

counting errors

o

nBitErr (ii) = size(find([ipBit- ipBinHat]),2);-% couting the
number of errors

o

°

finding the phase from™[=pi. to ~+pi]

opPhase2 = angle (y5);

o
o

o
o

unwrapping the phasgw.i.e. phadse~less.than 0 are
added 2pi

opPhase2 (find (opPhase2<0)) = oﬁPhase2(find(opPhase2<O)) + 2*pi;

>

°

rounding the recéived phdse to“the closest constellation

ipPhaseHat2 = 2*pi/M*round(opPhase2/(2*pi/M)) ;

o° o

o°

as there isiphasewambiguity f0xr phase = 0 and 2*pi,
changing all phases reported as~2*pi to 0.
this is fo eénable“comparison“with the transmitted phase

ipPhaseHat2 (find(ipPhaseHat2==2*pi)) = 0;
ipDecHat?2. =-round (ipPhaseHat2*M/ (2*pi)) ;

Q

°

Decimal to Gra¥.'code conwversion

[)

ipGrayHat2- = map(ipbecHat2+1); % converting to decimal

[)

ipBinHat2 =.dec¢2bin (ipGrayHat2,kb) ; % decimal to binary

o

°

convertiang-binarysstring to number

ipBinHat2 =-ipBinHat2.';
ipBinHat2 =-ipBinHat2 (l:end)."';
ipBinHat2.= str2num(ipBinHat2)."' ;

Q

°

odunting errtes

Q

nBitErr2 (ii) = size(find([ipBit- ipBinHat2]),2); % couting the
number. of errors

909000040 000000000000000000000

finding the phase from [-pi to +pi]
74



opPhase3 = angle (y8);

% unwrapping the phase i.e. phase less than 0 are

% added 2pi

opPhase3 (find (opPhase3<0)) = opPhase3 (find (opPhase3<0).)- + 2*pi;

% rounding the received phase to the closest constedllation
ipPhaseHat3 = 2*pi/M*round (opPhase3/ (2*pi/M)) ;

as there is phase ambiguity for phase = 0 and 2*p1,

% changing all phases reported as 2*pi to 0.

this is to enable comparison with the transmitted phase
ipPhaseHat3 (find (ipPhaseHat3==2*pi)) = 0;

ipDecHat3 = round (ipPhaseHat3*M/ (2*pi));

o

o

[)

% Decimal to Gray code conversion

[)

ipGrayHat3 = map (ipDecHat3+1l); % converting to.decimal

Q

ipBinHat3 = dec2bin (ipGrayHat3,kb) ; % decimal “to/binary

o)

% converting binary string to number
ipBinHat3 = ipBinHat3.'

ipBinHat3 = ipBinHat3(l:end) .’
ipBinHat3 str2num (ipBinHat3) ."' ;

Q

% counting errors
nBitErr3(ii) = size(find([ipBit= ipBinHat3]),2); % couting the
number of errors

% finding the phasge from [-pi to +pif

opPhased4 = angle (yl11l);

% unwrapping the phase i.e~ phase~less than 0 are

% added 2pi

opPhased (find(opPhase4<0)) = opPhased (find(opPhase4<0)) + 2*pi;

% roundinggsthé.receilved pliase . to the closest constellation
ipPhaseHat4 = 2*pi/M*round(opPhased/ (2*pi/M)) ;

as thete "is. phase. ambiguity /for phase = 0 and 2*pi,

% changing all.phases*“reported as 2*pi to 0.

this is to enable comparison with the transmitted phase
ipPhaseHatd (find(ipPhaseHat4==2*pi)) = 0;

ipDecHat4 ="round (ipPhaseHat4*M/ (2*pi));

o\°

o\

Q

% Deeimdl-.to. Gray=cedes conversion
ipGrayHat4 = map(ipDecHat4+1l); % converting to decimal

[)

1pBinHat4 =. dec2bin (ipGrayHat4, kb) ; % decimal to binary

&

Swconverting-binary string to number
ipBinHat4 = ipBinHat4.'

ipBinHat4. = ipBinHat4 (l:end) .’
ipBinHat4 str2num (ipBinHat4) ."' ;

[o)

% counting errors
nBitErr4.(ii) = size(find([ipBit- ipBinHat4]),2); % couting the
number of errors

end
75



simBer = nBitErr/ (N*kb) ;

simBer2 = nBitErr2/ (N*kb);
simBer3 nBitErr3/ (N*kb) ;
simBer4 = nBitErr4/ (N*kb);

semilogy (Eb NO dB,simBer, 'r-',Eb NO dB,simBer2, 'bx-',

Eb NO dB,simBer3, 'g+-', Eb NO dB,simBer4, 'yo-'");

grid on;

axis ([0 20 10"~(-4) 11):

legend ('m=1, ml=m2=2', 'm=4, ml=m2=6"', 'm=6, ml=m2=8,'m=4,
ml=m2=10");

xlabel ('"Eb/No, dB'); ylabel ('BER');

title('Non Regenerative CSI Relay in Nakagamizm ;fadingl)-;

e 3.3.3 Matlab script for SER of Non Regenerative CSI Relay.in Generalized-K

clear;

M = 4;

SNR dB = 0:
omega_av =
%1lst case
m= 1;

k =1;
ml =
k1l =
m2 =
k2 =
%2nd
m3 =
k3 =
m4d =
k4 =

2:20;
1;

~e Ne

~.

Q) ~e

se

Ne Ne Ne N

o~

NesNE Ne Ne Q)
)]
()

~e

k8 =
SAth
m9 .=
k9 =743

mi0 = 10,
kIt 10;
mll =90,
k11 = T6;

o .
(03]
()

~e

B 0000 Y00 WY Uy Ty N O WD WDN Y

N = 1000;
loops = 1000;
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for i=1l:length (SNR_dB)

errors 1 = 0;
errors 2 = 0;
errors 3 = 0;
errors 4 = 0;
SNR = 10" (SNR dB(i)/10)
for z=1l:1loops
h = randint(1,N,M);

u = pskmod (h,M) ;

$5%5%5%%%%%%5%5%%%%%%1st CASE $%%%%5%5%%%5%%%

a = gamrnd (m, omega av/m 1,N);

b = gamrnd(k,1/k,1,N)

r = sqgrt(a.*b). *exp(2 *3.%pi.*rand (1, N)).;

n = sqrt ((omega_av/ ( 2*SNR))). (randn (1, N)

al = gamrnd(ml,omega_av/ml,l,N);

bl = gamrnd(kl,1/k1,1,N);

rl = sqgrt(al.*bl) .*exp (2.*j.*pi.*rand(1,N)
nl = sqrt((omega_av/(2*SNR))).*(randn(l,N)
a2 = gamrnd(m2,omegaav/m2;1,N);

b2 = gamrnd (k2,1/k2,1,N);

r2 = sqgrt(a2.*b2) ixexp (2.%] pl *rand (1; N)
n2 = sqrt((omega av/( 2*SNR))) * (randn+{1l,N)
$%%%%%5%%%%%% 2nd/ CASE $%%5%%5%%%9%%5%55%%%%%
a3 = gamrnd (m3,omega-av/m3,1,N);

b3 = gamrndi(k3,1/k3,1,N);

r3 = sqgrt(a3+«*b3).*exp(2.*7.,*pi.*rand(1l,N)
n3 = sqrt ((omega awv/.(2*SNR))-)".* (randn (1, N)
a4 = gamrnd(m4,omega av/m4, X, N);

b4 =_gamrnd (k4,1/k4,1,N);

r4d = sqgrt(ad.*bd)..*exp(2.*j.*pi.*rand(1,N)
nd: = /sqrt ( (omega_av/( 2*SNR))). (randn (1,N)
ab = gamrnd(mS,omega_av/mS,l,N);

b5 =-gamrnd (k5,1/k5,1,N) ;

r5= sqgrt(ab.*bb5) .¥exp(2.*j.*pi.*rand(1,N)
n5 =-sgrt((omega av/(2*SNR))) .* (randn(1,N)

3rd CASES$%%

a6, = gamrnd(m6,omega_av/m6,l,N);

b6 = gamrnd(k6,1/k6,1,N);

r6 = sqgrt(ab6.*b6) .*exp(2.*j.*pi.*rand(1,N)
n6-=. sqrt ( (omega av/ ( 2*SNR))). (randn (1,N)
a7l = gamrnd(m7,omega_av/m7,l,N);

b7 =-gamrnd (k7,1/k7,1,N);

r7 = sqgrt(a7.*b7).*exp(2.*j.*pi.*rand(1,N)
n7 = sqrt((omega_av/(Z*SNR))).*(randn(l,N)
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+ j*randn (1l,N));

N
+ j*randn(1,N));

) ;
+ j*randn(1,N));

)7
+ j*randn(1,N));

) ;
+ j*randn(l,N));

)7
+ j*randn(l,N));

) ;
+ j*randn(l,N));

)7
+ j*randn(1,N));



a8 = gamrnd(m8,omega av/m8,1,N);

b8 = gamrnd (k8,1/k8,1,N);

r8 = sqgrt(a8.*b8).*exp(2.*j.*pi.*rand(1,N));

n8 = sqrt((omega av/(2*SNR))) .* (randn(1,N) + J*randn (1,N)?);
$%%%%%%%%%%%%%%%% 4th CASE %%%%%%%%%%%%%%%%

a9 = gamrnd(m9,omega_av/m9,1,N);

b9 = gamrnd (k9,1/k9,1,N);

r9 = sqgrt(a9%.*b9) .*exp(2.*j.*pi.*rand(1,N));
sqgrt ( (omega av/ (2*SNR))).* (randn(1,N) +-j*randn (1;N));

o]
O
Il

al0 = gamrnd(ml0,omega av/ml0,1,N);

b10 = gamrnd(k10,1/k10,1,N);

rl0 = sqgrt(ad.*bd) .*exp(2.*j.*pi.*rand«(1,N));

nl0 = sqrt((omega_av/(2*SNR))) .* (randn(1l,N) 4+ JF*randn(l,N));

all = gamrnd(mll, omega av/mll,1,N)%;

bll = gamrnd(k11,1/k11,1,N);

rll = sqgrt(all.*bll).*exp(2.*j.*pi.*rand(1,N));

nll = sqrt((omegaiav/(Z*SNR))).*(randn(l,N) + j*randn(l,N));

$%$%%% Amplify & Forward $%%%%%% +1lst CASE-%%%%%%%%
A = sgrt(l./((al.*bl) + (L./(SNR).)));

yl = conj(xr).*((r.*u + n)9) ./(r+*conj(r));

y2 conj (rl) .*conj(r2) .* (r2.*A.% (rl:*u+ nl) +

n2))./(rl.*r2.*conj(rl) .*conj(x2));

y =yl + y2;

$%%%% Dmplify & Eorward $%%%%5%%=-2nd* GASE $%%%%%%%
sqrt(l./ ((a4.*b4) +- (1 NR)+) ) )+
= conj(r3).*((r3.*u + n) r3.*conj (r3));
v4 conj (r4)«*coni.(rd) . *(r A2.*(rd.*u + nd) +
n5)) ./ (rd.*r5.*con] (rd).*conj(r5)) ;

y5 = y3 + v4;

I o

b

w

|
—~ ~.n

)
)
)
o

$%%%% Amplify«& Forward %$%%%%%% 3rd CASE $%%%%%%%
sgrfli/ el . * DR + £ NR))))
= gdonf] (roh & (66, *us v4n) r6.*conj (ro6));
CORI(T7) . *ConJHrpgd) ™ ¢r A3.*(r7.*u + n7) +
n8)) ./ (r7.%r8.*conj(r7).*conj (r8)) ;
y8 ='y6 + y7;

I o

— ~ W

$$%%%, Anplify & Forward %$%%%%%% 4th CASE $%%%%%%%
sgrt(l./ ((all.*bll) (SNR)))) ;
conju(r9d) +*((x9.*u + n)) r9.*conj (
y10. = conj(rl0)..*conj (rll) .~* 1.%(A4.*(
nll))w/(rl0.*xll.*con](rl0) .*conj (rl

sy e, vO+h yv107

:Uo
[1aN

Il
+
=

r9));
rl0.*u + nl0) +

<
\o]
Il
~ =~

$%%%%% Demedulation CASE 1 $%%%%%%
demodmsg = pskdemod(y,M) ;
[nes_amp, res amp] = symerr (h,demodmsg) ;

$%%%5%% Demodulation CASE 2 %$%%%%%%
demodmsg2 = pskdemod(y5,M) ;

[nes amp2, res amp2] = symerr (h,demodmsg2) ;

%$%%%%% Demodulation CASE 3 $%%%%%%



demodmsg3 =

pskdemod (y8,M) ;

[nes _amp3, res amp3] = symerr (h,demodmsg3) ;
%$%%%%% Demodulation CASE 4 $%%%%%%
demodmsg4 = pskdemod(yll,M);

[nes_amp

4, res _ampé]

symerr (h, demodmsgi4) ;

$Find total erros
errors 1 = errors 1 + nes amp;
errors_2 = errors 2 + nes_amp2;
errors_3 = errors 3 + nes_amp3;
errors 4 = errors_4 + nes_amp4;
end
ser amp (i) = errors 1/ (N*loops):;
ser amp2 (i) = errors 2/ (N*loops);
ser amp3 (i) = errors 3/ (N*loops);
ser amp4 (i) = errors_4/(N*loops);
end
figure;

semilogy (SNR_dB, ser amp, 'b-',SNR. dB,-ser-.amp2, "' rx-',SNR dB,

ser amp3, 'go-',SNR dB, ser amp4, - 'y+-").;

axis ([0 20 10~(-5) 11);

grid on;

legend ('m=1, ml=m2=2, k=1, kl=k2=3.','m=4,-ml=m2=6, k=2,
kl=k2=5"', 'm=6, ml=m2=8, k=3, kl=k2=6","'m=4% ml=m2=10, k=4,

k1=k2=10"', 'Location', 'SouthWest"'):
xlabel ('Es/No, dB'); ylabel ("SERY) ;
title('Non Regenerative CSI Relay /in Generaldized-K fading');

e 3.3.4 Matlab script-for BER of Non Regenerative CSI Relay in Generalized-K

clear
N = 1075; %.mumber~of*“symbols
onstellation.size

c
log2 (M);~%5=pbifs per symbol
i

%1lstsw case
m:
K =]
ml =
k1
m2. =
k2 =
%2nd
m3 =
k3 =
m4
k4
mS =

Il
e Nel Ne
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(Il
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k5 = 5;

%3rd case

mé6 = 6;

k6 = 3;

m7 = 8;

k7 = 6;

m8 = §8;

k8 = 6;

%4th case

m9 = 4;

k9 = 4;

ml0 = 10;

k10 = 10;

mll = 10;

k11 = 10;

thetaMpsk = [0:M-1]*2*pi/M; % reference phaée values
Eb NO dB = [0:2:20]; % multiple Es/NO values

Es NO_dB = Eb NO _dB + 10*1ogl0 (kb);

% Mapping for binary <--> Gray code. conversion
ref = [0:M-1];

map = bitxor (ref,floor (ref/2));

[tt ind] = sort (map);

ipPhaseHat = zeros(1l,N);

for ii = 1l:length(Eb NO dB)

% symbol generation

ipBit = rand(l,N*kb,1)>0.5;~% randem 1's and 0's

bin2DecMatrix = ones(N,1)* (2.~[ (kb=1):-1:0]) ; % conversion from
binary to decimal

ipBitReshape = “reshape(ipBit,kb,N).'; % grouping to N symbols
having kb bits feac¢h

ipGray = [sum(ipBitReshape.*bin2DecMatrix,2)]."'; % decimal to
binary

Q

% Gray..cbded constellation-mapping
ipDec™= ind (ipGray+l)=1; % bit group to constellation point

ipPhase.= ipDec¢*2*pi/M; % conversion to phase
ipl. =-~exp (3 *ipPhase); /"% modulation
S = dpw
us=-s~+ 102«-Es NO dB(ii)/20);
SNR'.= I10"(Eb.NO dB(ii)/10);
$5%55%5%5%95%5%5%%5%%%1st CASE $%%%%5%%5%%%%%
a~=_gamrnd (m, omega av/m,1,N);
b = gamrnd(k,1/k,1,N);
r, = sgrt(a.*b).*exp(2.*j.*pi.*rand(1,N));
n sqrt((omega_av/(Z*SNR))).*(randn(l,N) + j*randn(1,N));
al = gamrnd(ml,omega_av/ml,1,N);
bl = gamrnd(kl,1/k1,1,N);

[}
i
Il

sgrt(al.*bl) .*exp(2.*j.*pi.*rand(1,N));
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nl = sqgrt((omega av/(2*SNR))).* (randn(1l,N) + j*randn(l,N));

a2 = gamrnd(m2,omega _av/m2,1,N);

b2 = gamrnd(k2,1/k2,1,N);

r2 = sqgrt(a2.*b2) .*exp(2.*j.*pi.*rand(1,N));

n2 = sqrt((omega av/(2*SNR))) .* (randn(1l,N) + j*randn (1,N));

$%%%%%%%%%%% 2nd CASE %$%%%%%%%%%%%%%%%%%%
a3 = gamrnd(m3,omega_av/m3,1,N);
b3 = gamrnd (k3,1/k3,1,N);

r3 = sqgrt(a3.*b3).*exp(2.*j.*pi.*rand(1,N));
n3 = sqgrt((omega av/(2*SNR))).* (randn(1,N) +-j*randm(l,N));

a4 = gamrnd(m4,omega _av/mé4,1,N);

b4 = gamrnd(k4,1/k4,1,N);

r4 sqgrt (ad.*bd) . *exp(2.*F . *pi.*rand (1,N));

nd = sqrt((omega_av/(Z*SNR))).*(randn(l,N) +. j*randn (1, N));

ab = gamrnd(mS,omega_av/mS,l,N);

b5 = gamrnd (k5,1/k5,1,N);

r5 = sqgrt(ab5.*bd) .*exp(2.*j.*pi.*rand(1,N));

n5 = sqgrt((omega av/(2*SNR)9)) .* (randn(1,N) + Jj*randn(l,N));

> o
o

o©

0 0
°

> o o0
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a gamrnd (m6, omega_av/m6,1,N);
b6 = gamrnd(k6,1/k6,1,N);

r6 = sqgrt(a6.*b6) .*exp(2:*j-.*pi.*rand (1,N));

né = sqrt((omega av/ (2*SNR)9)).* (randn(1l,N) + Jj*randn(l,N));

a7’ gamrnd (m7, omega av/m7 ,1,N).;
b7 = gamrnd (k7,1/k7,1,N);

r7 = sqrt(a7.*b7) .*exp(2.*j:*pi.*rand(1,N));
n7 = sqrt((emega av/(2*SNR))).* (randn(1l,N) + j*randn(l,N));
a8 = gamrnd(m8,omega_av/m8,1,N);

b8 = gamrnd (k8,1/k8,1,N);

r8 = sgrti(a8.*b8).*exp(2.*j.*pi.*rand(1,N));

n8 = sgrt((omega av/ (2*SNR))) .* (randn(l,N) + j*randn(1l,N));
$%2%5%5%5%%55%5%%%%% 4th CASE $%%%%%%%%%%%%%%%

a9 =. gamrnd (m9,omega av/m9,1,N);

b9-="gamrnd (k9, 1/k9,1,N) ;

r9 ="sqrt(a%.*b9) .*exp(2.*j.*pi.*rand(1,N));
sqgrt ((omega,av/ (2*SNR))) .* (randn(1,N) + j*randn(1l,N));

3
L
Il

al0 =.gamrnd (ml0, omega av/ml0,1,N);

b10. = gamrnd(k10,1/k10,1,N);

r10=-sgrt(all.*bl0) .*exp(2.*j.*pi.*rand(1,N));

nl0-= ;sgrt.((omega av/(2*SNR))) .* (randn(1,N) + j*randn(l,N));

all-= gamrnd(mll, omega av/mll,1,N);

bll gamrnd (k11,1/k11,1,N);

rll sgrt(all.*bll).*exp(2.*j.*pi.*rand(1,N));

ntl.= sqrt((omegaiav/(Z*SNR))).*(randn(l,N) + j*randn(l,N));

Il
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$%%%% Amplify & Forward %$%%%%%% lst CASE $%%%%%%%

A = sgrt(l./((al.*bl) + (1./(SNR))));

yl = conj(r).*((r.*u + n))./(r.*conj(r));

y2 = conj(rl).*conj(r2).*(r2.*(A.*(rl.*u + nl) +
)

n2))./(rl.*r2.*conj(rl).*conj (r2
y =yl + y2;

$%%%% Amplify & Forward %%%%%%% 2nd CASE $%%5%%%%%

A2 = sqgrt(l./((ad4.*b4) + (1./(SNR))));

y3 = conj(r3).*((r3.*u + n))./(r3.*conj (r3)).;

y4 = conj(rd).*conj (r5).*(r5.*(A2.* (rd4.*u-.+ n4d) +
n5))./(rd.*r5.*con]j (r4d) .*conj (r5));

y5 = y3 + y4;

$%%%% RAmplify & Forward $%%%%%% 3rd CASE“$%%%5%%%%

A3 = sqrt(l./((a7.*b7) + (1./(SNR))));

y6 = conj(r6).*((r6.*u + n))./(r6:-*conj (r6)).;

y7 = conj(r7).*conj (r8).*(r8.* (A3.* (x7.*u + n7) +
n8))./(r7.*r8.*con]j (r7).*conj (r8));

y8 = y6 + y7;

$%%%% RAmplify & Forward $%%%%%%%.4th CASE- %%%%%%%%

A4 = sqgrt(l./((all.*bll) 4+ (I./(SNR))));

y9 = conj(r9) .*((r9.*u + n))./(r9.*¥conj(r9));

yv1l0 = conj (rl0).*conj(rll) :*(rll.*(A4.*(xr10.*u + nl0) +
nll))./(rl0.*rll.*con] (rl0) .*conj (r1d))-;

yll = v9 + yl0;

9900000000000000000000&00100000000 0

% finding the phase from [-pi-wto +pii]

opPhase = angle (y)

% unwrappingsthe®“phase i%e. phase.sless than 0 are

% added 2pi

opPhase (find{opPhase<0)) = opPhase (find (opPhase<0)) + 2*pi;

% rounding the. received-.phase to the closest constellation
ipPhaseHat = 2*pi/M*round(opPhase/ (2*pi/M)) ;

asfthere issphase.ambiguity for phase = 0 and 2*pi,

% changing=-all phases~reported as 2*pi to 0.

% this 1&.to enable comparison with the transmitted phase
ipPhaseHat (find (ipPhaseHat==2*pi)) = 0;

ipDecHat. =.round (ipPhaseHat*M/ (2*pi)) ;

o°

[o)

% Decimdil,_ to."Gray code conversion

ipGrayHat = map (ipDecHat+l); % converting to decimal
ipBinHat = dee2bin (ipGrayHat,kb) ; % decimal to binary
gwconvexrtihg. binary string to number
ipBinHat = ipBinHat.';

ipBinHat = ipBinHat(l:end).';
ipBinHat = str2num(ipBinHat).' ;

Q

% counting errors
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Q

nBitErr(ii) = size(find([ipBit- ipBinHat]),2); % couting the
number of errors

% finding the phase from [-pi to +pi]

opPhase?2 = angle(y5);

% unwrapping the phase i.e. phase less than 0 azxe

% added 2pi

opPhase? (find (opPhase2<0)) = opPhaseZ(find(opPhase2<Of).+ 2*py,
% rounding the received phase to the closést. constellaticn
ipPhaseHat2 = 2*pi/M*round (opPhase2/ (2%pi/M)). ;

as there is phase ambiguity for phasge # 0.and 2¥pi,

% changing all phases reported as 2*pi.to 0.

% this i1s to enable comparison with the transmitted ‘phéase
ipPhaseHat2 (find (ipPhaseHat2==2*pi)) = 0; ;
ipDecHat2 = round (ipPhaseHat2*M/(2*pi)).;

o°

)

% Decimal to Gray code conversion

)

ipGrayHat2 = map (ipDecHat2+1l); % converting to. decimal

[}

ipBinHat2 = dec2bin (ipGrayHat2,kb)~-; %.decimal to binary

Q

% converting binary string. to.numbex
ipBinHat2 = ipBinHat2.';

ipBinHat2 = ipBinHat2(l:end)-';
ipBinHat?2 str2num(ipBinHat2)..!

Q

% counting errors
nBitErr2 (ii) = size(find([ipBit= ipBinHat2]),2); % couting the
number of errors ;

9900000000000 0000.000000000000800000

)

% finding- the- phase. from~[-pi /to +pi]

opPhase3 = angle(y8);

% unwrapping thewphase iwe. phase less than 0 are

% added™Zpi

opPhase3.(find (opPhase3<0)) = opPhase3 (find(opPhase3<0)) + 2*pi;

% rounding_ the received phase to the closest constellation
ipPhaseHat3. = 2*pi/M*round (opPhase3/ (2*pi/M)) ;

S as-there+is phase ambiguity for phase = 0 and 2*pi,
changing all phases reported as 2*pi to 0.

this. ¥s towenable comparison with the transmitted phase
ipPhaseHat3 (find (ipPhaseHat3==2*pi)) = 0;

ipDecHat3 = round (ipPhaseHat3*M/ (2*pi));

o\

o°

Q

% Dbecimal “@” Gray code conversion
Q

ipGrayHat3 = map (ipDecHat3+1l); % converting to decimal
ipBinHat3 = dec2bin (ipGrayHat3,kb) ; % decimal to binary

Q

% converting binary string to number
ipBinHat3 = ipBinHat3.';
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ipBinHat3 = ipBinHat3(l:end).';
ipBinHat3 = str2num(ipBinHat3).' ;
% counting errors

nBitErr3(ii) = size(find([ipBit- ipBinHat3]),2); % couting. the
number of errors

% finding the phase from [-pi to +pi]

opPhased4 = angle(yll);

% unwrapping the phase i.e. phase less than=-0 are

% added 2pi

opPhased (find (opPhase4<0)) = opPhased (find (opPhase4<0)) + 2*pi;

% rounding the received phase to the closest constellatien
ipPhaseHat4 = 2*pi/M*round (opPhased/ (2*pi/M).)- ;

as there is phase ambiguity fot phase.= 0 and-2*pi,

% changing all phases reported as, 2*pi te™0.

this is to enable comparisonwith'.the tramsmitted.phase
ipPhaseHat4 (find (ipPhaseHat4==2%pi) )..= 0;

ipDecHat4 = round (ipPhaseHat4*M/ (2*pdi)).;

o°

o\°

Q

% Decimal to Gray code cohversion
o

ipGrayHat4 = map (ipDecHat4+1) - 3w.converting to decimal
ipBinHat4 = dec2bin (ipGrayHat4,kb). ; ¢« decimal to binary

Q

% converting binary/stifihg.tgd ntmber
ipBinHat4 = ipBinHat4..!;

ipBinHat4 = ipBinHat4 (l:rend) ."';
ipBinHat4 str2num (ipBinHat4) . " ;

)

% counting erkors
nBitErr4 (ii) = size (find([ipBit- ipBinHat4]),2); % couting the
number of errors

end

simBer = nBitErr/ (N*kb) ;
simBer?2 nBitErr2/ (N*kb) ;
simBer3 nBitErr3/ (N*kb);
simBer4 = nBitErr4/ (N*kb);

semilogy(Eb.NO..dB,simBer, "r-',Eb NO dB,simBer2, 'bx-',

Eb NO -dB,simBer3, 'g+-.',-Eb NO dB,simBer4, 'yo-'");

grid engy

Fdx g ([0%B0™LD4 (—4)-. 1]) ;

legend ('m=), ml=m2=2, k=1, kl=k2=3','m=4, ml=m2=6, k=2,
k1=k2=5"%, 'm=6¢, ml=m2=8, k=3, kl=k2=6', 'm=4, ml=m2=10, k=4,
kl=k2=10","~Location"', 'SouthWest"') ;

xlabel ('Eb/Noy, ~dB'); ylabel ('BER');

title (. Non Regenerative CSI Relay in Generalized-K fading');
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e 3.4.1 Matlab script for BER of Fixed Gain Relay for BPSK in Nakagami-m

clear;

SNR dB = 0:
omega_av =
m=1;
k=1;

2:20;
1;

ml=2;
k1=3;
m2=2;
k2=3;

N=10"4;
for i=1l:length (SNR_dB)

errorsl=0;
errors2=0;
errors3=0;
errorsd=0;

SNR = 10" (SNR dB(i)/10);

for j=1:N
h = randint;
u = 2*h-1;

a = gamrnd(m,omega_av/m);
b = 1;%gamrnd (k, 1/%k)+s
r = sqrty(a*b);

n = sgrt((omega av/ (2*SNR))) *randn;

al’ = gamrnd(ml,omega‘av/ml);

bl-= 1;%gamend(kl, I/k1);

rlr =wsqrt(al*bl)?;

nl = sqrt((omega_av/(Z*SNR)))*randn;

a2. = /gamrnd (m2, omega_av/m2);

b2, =145 %gamrnd (k2,1/k2) ;
r2-=.sqgrt(a2*b2);

n2 = _sqgrt((omega av/ (2*SNR))) *randn;

A =.0.5; %sqgrt(1l/((al*bl)+(1/(SNR))));

A2%= 1.5;

A3 =257

A4 = 3.5;

y.=r*(r*u + n) + (r2*rl)*(r2*(A*(rl*u + nl))

y2 = r*(r*u + n) + (r2*rl)*(r2* (A2* (rl*u + nl)
y3 = r*(r*u + n) + (r2*rl)*(r2* (A3*(rl*u + nl)
v4d = r*(r*u + n) + (r2*rl)*(r2* (A4*(rl*u + nl)

if y >= 0.0
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h r=1;
elseif y < O

h r =20;
end

errorsl = errorsl + (h_r~=h);

if y2 >= 0.0

h r2 =1;
elseif y2 < 0
h r2 = 0;
end
errors2 = errors2 + (h r2~=h);

if y3 >= 0.0
= 1;

h r3
elseif y3 < 0
h r3 = 0;
end
errors3 = errors3 + (h-r3~=h);

if y4 >= 0.0

h rd = 1;
elseif y4 < O
h rd = 0;
end
errorsd4 = errorsd -+ (h rd~=h)%
end
ber (i) = errorsl/N;
ber2 (i) = errors2/N;
ber3 (i) = errors3/N;
berd (1) = errors4d/N;
end

semilogy (SNR/dB, ber,'rx-',6SNR dB, ber2, 'bx-',SNR dB, ber3, 'yx-
'y SNR _dB,~ berd, 'gx=");

axis ([0 14 10"=4.10701)

grid on;

legend "('Gain=0.5"',"'6Gain=1,5"', 'Gain=2.5"', 'Gain=3.5");

xlabel ('Eb/No,. dBL1)4 ylabel ('SER') ;

title('Non Regenerative Relays with Fixed Gain in Nakagami-m
fading®).;
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e 3.4.2 Matlab script for SER of Fixed Gain Relay for QPSK in Nakagami-m

clear;

M = 4;

SNR dB = 0:2:20;
omega_av = 1;
m=1;

k =1;

ml 27

k1l = 3;

m2 = 2;

k2 3;

N = 1000;

loops = 1000;
for i=1l:length (SNR_dB)

errors 1 =
errors 2 =
errors 3 =
errors 4 =

~e o e

O O O o
~

~.

SNR = 10" (SNR dB(i)/10);

for z=1l:1loops

h = randint (1,N,M)

u = pskmod (h,M);

a = gamrnd (m,comega av/m, I, N);

b = 1;%gamrnd (k, T4k, N) ;

r = sqgrt (a.*b).*exp (2.*j.*pi.*rand(1,N));

n = sqrt((omega_av/(Z*SNR))).*(randn(l,N) + j*randn (1,N));
al # gamrnd (ml,omega-av/ml,1,N);

bli= A;%gamend (k1,:/k1 4, N) ;
rl =-sqgrt(al.*bl) .*exp(2.*j.*pi.*rand(1,N));

nl-=sgrt( (omega.av/ (2*SNR))) .* (randn(1l,N) + j*randn(l,N));
az2-= gamrnd(mZ,omegaiav/mZ,1,N);

b2 =~lrsgamrnd (k2,;1/k2,1,N) ;

r2 =.sqgrt(a2.*b2).*exp(2.*j.*pi.*rand(1,N));

n2-= sqrt((omega av/(2*SNR))).* (randn(l,N) + j*randn(1,N));

SEmpl ¥fy=-&=~Forward
Bo="0.5;%sgrt (1./((al.*bl) + (1./(SNR))));

A2 =, 19

A3 =wlw5.f

Ad = 3.5;

vyl ="conj(r).*((r.*u + n))./(r.*conj(r));

y2 = conj(rl).*conj (r2) . *(r2.*(A.*(rl.*u + nl) +
n2))./(rl.*r2.*conj(rl) .*conj (r2));
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y3 = conj(rl).*conj (r2) . *(xr2.*(A2.*(rl.*u + nl) +
n2))./(rl.*r2.*conj(rl).*conj(r2));
*

)
y4 = conj(rl).*conj (r2) .*(r2.*(A3.*(rl.*u + nl) +
n2))./(rl.*r2.*conj(rl) .*conj (r2));
y5 = conj(rl).*conj (r2) . *(r2.*(A4.*(rl.*u + nl) +
n2))./(rl.*r2.*conj(rl).*conj(r2));

y = vyl + y2;
y6 = yl + y3;
y7 =yl + vy4;
y8 = yl + y5;

%$Demodulation
demodmsg = pskdemod(y,M) ;
[nes _amp, res_amp] = symerr (h,demodmsg)+;

%$Find total erros

errors_1 = errors 1 + nes_amp;
%$Demodulation?

demodmsg2 = pskdemod(y6,M) ;

[nes amp2, res amp2] = symert (h;demodmsg2).;

%$Find total erros

errors 2 = errors 2 +.-/nes amp2;
%$Demodulation3

demodmsg3 = pskdemod (y7;M).;

[nes amp3, res_amp3d]. = symerr (h;demodmsg3) ;

%$Find total erros

errors_3 = errors 3 -+-nes_amp3;
%$Demodulationi

demodmsg4 = pskdemod(y8,M) ;

[nes _amp4,res amp4] = symerr (h,demodmsgd) ;

$Find td6tal erros

err@drgf 4%g~errors, 4 ‘t.mesY amp4;
end
ser amp(i)- = errors_l/(N*loops);
ser.amp2(i) = errors 2/(N*loops);
ser .amp3(i).= errors’ 3/ (N*loops);
ser ampéd (i) = errors 4/ (N*loops);
end
figure;

semilogy (SNR_dB, “ser: amp, 'bx-',SNR dB, ser amp2, 'rx-',6SNR dB,
ser amp3,-.'yx=',SNR dB, ser amp4, 'gx-');

grid-on;

legend('Gain=0:-5"', 'Gain=1.5"', 'Gain=2.5"', 'Gain=3.5");

xlabel (“Es/No, dB'); ylabel ('SER');

title ('Non.Regenerative Relays with Fixed Gain in Nakagami-m
fading');
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e 3.4.3 Matlab script for BER of Fixed Gain Relay for QPSK in Nakagami-m

% Bit Error Rate for QPSK modulation using Gray moduldtion
mapping

clear

N = 1074; $ number of symbols
M= 4; % constellation size
kb = log2(M); % bits per symbol

omega_av = 1;

m=1;

k =1;

ml = 2;

k1 = 3;

m2 = 2;

k2 = 3;

thetaMpsk = [0:M-1]*2*pi/M; % reference phase-values
Eb NO dB = [0:2:20]; % multiple Es/NO values

Es NO dB = Eb NO dB + 10*loglOi(kb) ;

[)

% Mapping for binary <--> .Gray ‘code Cenversion
ref = [0:M-1];

map = bitxor (ref,floor (ref/2));

[tt ind] = sort (map);

ipPhaseHat = zeros(1,N);
for ii = l:length (Eb_NO dB)

% symbol generation

ipBit = rand«(>,N*kb,1)>0.5; % random 1's and 0's

bin2DecMatrix = ones (N, 1)*(2."[(kb-1):-1:0]) ; % conversion
from binary té decimadl

ipBitReshape = “reshape (ipBit, kb,N).'; % grouping to N
symbols haying kb kits each

ipGray = [sum(ipBitReshape.*bin2DecMatrix,2)].'; % decimal to
binary

)

$-.Gray. coded consgtellation mapping
ipDec~=_"ind (ipGray+l)-1; % bit group to constellation point

ipPhase-= d#pDec*2*pi/M; % conversion to phase
ip. = exp(j*ipPhase); % modulation
A o Y

u =+s + 10%(-Es NO dB(ii)/20);

SNR 10" (Eb NO dB(ii)/10);

a. = gamrnd(m,omegaiav/m,l,N);

b*=.1;%gamrnd (k,1/k,1,N);

r = sqgrt(a.*b).*exp(2.*j.*pi.*rand(1,N));

n = sqrt((omega_av/(Z*SNR))).*(randn(l,N) + j*randn(1,N));
al = gamrnd(ml,omega_av/ml,1,N);
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bl = 1;%gamrnd(k,1/k,1,N);
rl = sqgrt(al.*bl).*exp(2.*j.*pi.*rand(1l,N));
nl = sqrt((omega_av/(Z*SNR))).*(randn(l,N) + j*randn (1, N) )

az = gamrnd(mZ,omega_av/m2,l,N);
b2 = 1;%gamrnd(k,1/k)
r2 = sqgrt(a2.*b2). *exp(2 *j.*pi.*rand(1,N));

n2 = sqrt((omega_av/ 2*SNR))). (randn (1,N) + J*randn(l,N)-);

Al = 0.5; Ssqgrt(l./((al.*bl)+(1./(SNR))) )

A2 = 1.5;

A3 = 2.5;

A4 = 3.5;

yl = conj(r).*((r.*u + n))./(r.*conj (r))

y2 = conj (rl).*conj(r2).*(r2.*(Al<* (rl.*u + nl)+
n2))./(rl.*r2.*conj (rl).*conj(r2));

y3 = conj(rl).*conj(r2).*(r2.*(A2.* (rl.*u + nl)+
n2))./(rl.*r2.*conj(rl) .*conj (r2));

y4 = conj(rl) .*conj(r2).*(r2.* (A3.*(rl.*u +-nl)+
n2))./(rl.*r2.*conj (rl).*conj(r2));

y5 = conj(rl).*conj(r2).*(r2.*(A4.*(rl:*u + nl)+
n2))./(rl.*r2.*conj (rl).*conj (r2)) ;

y = yl+y2;

y6 = yl+y3;

y7 = yl+y4;

y8 = yl+y5;

5555555555 %55%%55%5%%5%5%5%5%5%5%55%3% "DEMODULATION

99999000000000000000000000001©900000

)

% finding“the phase-from [=pi to +pi]

opPhase = anhgle (y) ;

% unwra@ppdng, the.phase, i.e» phase less than 0 are

% added 2pi

opPhase(find (opPhase<0) ). = opPhase (find (opPhase<0)) + 2*pi;

% “‘rounding,.thewreceived phase to the closest constellation
ipPhaseHat = 2*pi/M*round (opPhase/ (2*pi/M)) ;

% aswthere /is phasewambiguity for phase = 0 and 2*pi,
%.changing all phdases reported as 2*pi to 0.

this Is«td.enable comparison with the transmitted phase
ipPhaseHat(find (ipPhaseHat==2*pi)) = 0;

ipDecHat = round (ipPhaseHat*M/ (2*pi)) ;

6\°

[e)

S becimat., to.Gray code conversion

[)

ipGrayHat "= map (ipDecHat+1l); % converting to decimal

[)

ipBinHat = dec2bin (ipGrayHat,kb) ; % decimal to binary
%, convepting binary string to number

ipBinHat = ipBinHat.';

ipBinHat = ipBinHat(l:end) .’

ipBinHat str2num (ipBinHat) .' ;

Q

% counting errors
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Q

nBitErr(ii) = size(find([ipBit- ipBinHat]),2); % couting the

number of errors

2*pi;

o\°

% finding the phase from [-pi to +pi]

opPhase?2 = angle (yo6);

% unwrapping the phase i.e. phase less than.0. are

% added 2pi '
opPhase? (find (opPhase2<0)) = opPhaseZ(find(opPhasé2<O)) +

% rounding the received phase to the c¢losést’ censtellation
ipPhaseHat2 = 2*pi/M*round (opPhase2/A2*pi/M)) ;

as there is phase ambiguity for phase =-0w.and-2*pi,
changing all phases reported as 2*pi-to 0. :

this is to enable comparison with the.transmitfted phase
ipPhaseHat2 (find (ipPhaseHat2==2*pi)) = 0;

ipDecHat2 = round (ipPhaseHat2*M/ (2*pi).) ;

o° oP

o\°

[)

% Decimal to Gray code conversion
Q

ipGrayHat2 = map (ipDecHat2+1) ;- % converting) to decimal
ipBinHat2 = dec2bin (ipGrayHat2,kb) - ; % decimal to binary
% converting binary "string-te numbex

ipBinHat2 = ipBinHat2."';

ipBinHat2 = ipBinHat2 (l:end) ."';

ipBinHat2 = str2nqm(ipBinHat2).' %

% counting enrdrs

nBitErr2 (ii) =<size (find([ipBit- ipBinHat2]),2); % couting

the number of errors

2*pi;

9090000500 Qo O 0»0 9.0 000 008000 O

)

% finding™~the phase.from [-pi to +pi]

opPhase3 = angle (y7)4

g=unwrappingr the~phase®i.e. phase less than 0 are

% "added “2pi:

opPhase3 (£ind (opPhase3<0)) = opPhase3 (find (opPhase3<0)) +

%..rounding “the-«received phase to the closest constellation
ipPhaseHat3 = 2*pi/M*round (opPhase3/ (2*pi/M)) ;

as’ thexe-is phase ambiguity for phase = 0 and 2*pi,
changing.all phases reported as 2*pi to 0.

this. is to enable comparison with the transmitted phase
ipPhaseHat3 (find (ipPhaseHat3==2*pi)) = 0;

ipDecHat3 = round(ipPhaseHat3*M/ (2*pi));

o @

0,

[}

% Decimal to Gray code conversion
o

ipGrayHat3 = map (ipDecHat3+1l); % converting to decimal
ipBinHat3 = dec2bin (ipGrayHat3,kb) ; % decimal to binary
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Q

% converting binary string to number
ipBinHat3 = ipBinHat3.';

ipBinHat3 = ipBinHat3(l:end).';
ipBinHat3 str2num (ipBinHat3)."' ;

[)

% counting errors
nBitErr3(ii) = size(find([ipBit- ipBinHat3]),2); & couting
the number of errors

o\°

[)

% finding the phase from [-pi to +pid]

opPhase4 = angle (y8);

% unwrapping the phase i.e. phase/less “tharm.0dare

% added 2pi

opPhased (find (opPhased4<0)) = opPhased (find (opPhase4d<0)) +
2*pi;

% rounding the received phase to the-.closest-constellation
ipPhaseHatd4 = 2*pi/M*round (opPhased/ (2*pi/M)) ;

% as there is phase ambiguity+for-phase =+0 and 2*pi,
changing all phases reported-as “2*pi to 0%

this is to enable comparisen. with the--transmitted phase
ipPhaseHat4 (find (ipPhaseHat4==2*pi)) = 07

ipDecHat4 = round (ipPhaseHatd*M/ (2*pi));

o

o

)

% Decimal to Gray-Cede conversion
Q

ipGrayHat4 = map (ipDecHat4+1); % eonverting to decimal
ipBinHat4 = dec2bin (ipGrayHatd;kb)-; ¢ decimal to binary

)

% converting binary String tenumber
ipBinHat4 = ipBinHat4.';

ipBinHat4.:= ipBinHat4 (l:end).';
ipBinHat4 str2num(ipBinHat4)."' ;

Q

% countihg errors
nBitErr4d (ii) = size(find([ipBit- ipBinHat4]),2); % couting
the number 0f /errors

end

simBer =-nBitErr/ (N*kb) ;
simBer2 = -nBitErr2/ (N*kb) ;
simBer3 nBitErr3/ (N*kb) ;
simBer4. = nBitErrd/ (N*kb) ;

semilogy (Eb NO.dB,simBer, 'rx-',Eb NO dB,simBer2, 'bx-
' Eb.NO dBjsimBer3, 'gx-',Eb NO dB,simBer4, 'yx-');

axis([0-20 10™=4 1])

grid™gn;

legend (" Gain=0.5"', 'Gain=1.5"', 'Gain=2.5",'Gain=3.5");

xlabel ('Eb/NO, dB')

ylabel«'BER")

title ("™Won Regenerative Relays with Fixed Gain in Nakagami-m
fading')
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e 3.4.4 Matlab script for BER of Fixed Gain Relay for BPSK in Generalized-K

clear;

SNR dB = 0:2:20;
omega av = 1;
m=1;
k=1;

ml=2;
k1=3;
m2=2;
k2=3;

N=10"4;
for i=l:length (SNR_dB)

errorsl=0;
errors2=0;
errors3=0;
errors4=0;

SNR = 10" (SNR_dB(i)/10)

for j=1:N
h = randint;
u = 2*h-1;

a = gamrnd(m,omega av/m) ;
b = gamrnd(k,1/k);
r = sqrt (a*b);

n = sqrt((omega_av/(Z*SNR)))*randn;

al = gamrnd(ml,omega_av/ml)

bls= gamrnd(kl, 1/k1)

rk, = sqrtyal*bly.;

nl. = sqrt((omegagav/(Z*SNR)))*randn;

az2 = gamrnd(mZ,omegaiav/mZ)

b2 = gamrnd (k2, 1/k2)

r2 = sqgrt(a2*b2);

n2- = _sqrt ((omega av/ (2*SNR))) *randn;

Aw= 057 Ssart(l/((al*bl)+(1/(SNR))));

A% 1,57
A 3w 2D
A4 =.3.5;
y = r*(r*u + n) + (r2*rl)*
y2.=-r*(r*u + n) + (r2*rl)
y3 = r*(r*u + n) + (r2*rl)
v4d = r*(r*u + n) + (r2*rl)

if y >= 0.0
=1
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elseif y < O
h r=20;
end

errorsl = errorsl + (h r~=h);

if y2 >= 0.0
= 1;

h r2
elseif y2 < 0
h r2 = 0;
end
errors2 = errors2 + (h_r2~=h);

if y3 >= 0.0

h r3 = 1;
elseif y3 < 0
h r3 = 0;
end
errors3 = errors3 + (h_r3x=sh);

h r4d ;
elseif y4 < O
h r4 = 0;
end
errorsd = erfersi., + (H rd~=m.;

end

ber (i) = errorsl/N;
ber2 (i) = errors2/N;
ber3 (i) = errors3/N;
berd (1) = errors4d/N;
end

semilogy (SNR dB, ber, 'rx—';SNR “dB, ber2, 'bx-',SNR dB, ber3, 'yx-
', SNR_dB, ber4d, 'gx-")7

axis ([0 16 102-4 102019

grid on;

legend~('Gain=0.5"4%"'Gain=41.5", 'Gain=2.5"', 'Gain=3.5");

xlabel (LED/No, “dB. J+ ~ylabel ('BER"') ;

title ('Noh. Regenerative Relays with Fixed Gain in Generalized-K
fading')-;
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e 3.4.5 Matlab script for SER of Fixed Gain Relay for QPSK in Generalized-K

clear;

M = 4;

SNR dB = 0:2
omega_av = 1
m=1;

k =1;

ml 27

k1l = 3;

m2 = 2;

k2 3;

N = 1000;

loops = 1000

I

for i=1l:length (SNR_dB)

errors 1 =

errors_2
errors_3
errors 4

SNR = 10

for z=1:

[y
([l

5 R OO
Il

b2
19
n2-=

Il

SAmMp
L =

A2 .=
A3 =
A4 =

yl
y2
n2))./(rl.*r

0;
= 0;
= 0;
~(SNR_dB(1)/10);
loops
= randint (1,N,M);

= pskmod (h,M) ;

gamrnd (m, omega av/m, 1, N) ;
gamrnd(k, 1/k,%1,N) ;

sqgrt (a. *b)w *exp (2. *j.*pi.*rand (1,N));

sqrt((omega_av/(Z*SNR))).*(randn(l,N) + j*randn(1,N));

= gamrnd(ml,omega_av/ml,l,N);

gamrnd(kl,1/k1,1,N);

= gamrnd(m2, omega av/m2,1,N);

gamrnd(k2,1/k2,1,N) ;

=.sqgrt(al.*bl) .*exp(2.*j.*pi.*rand(1,N));
= "sqrt/( (omega.av/ (2*SNR))) .* (randn (1,N)

+ j*randn(l,N));

sgrt(a2.*b2) .*exp(2.*j.*pi.*rand(1,N));
sqrt((omega_av/(Z*SNR))).*(randn(l,N) + j*randn(1,N));

lify=&-~Forward
0+.5;%sqgrt(1./((al.*bl) + (1./(SNR))));
S
2%, 5.5
3 ;
="conj(r).*((r.*u + n))./(r.*conj(xr));

conj (rl) .*conj(r2) .*(r2.*(A.*(rl.*u + nl) +
)

2.*conj (rl).*conj(r2));
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y3 = conj(rl).*conj (r2) . *(r2.*(A2.*(rl.*u + nl) +
n2))./(rl.*r2.*conj(rl).*conj(r2));
*

)
y4 = conj(rl).*conj (r2) .*(r2.*(A3.*(rl.*u + nl) +
n2))./(rl.*r2.*conj(rl) .*conj (r2));
y5 = conj(rl).*conj (r2) . *(r2.*(A4.*(rl.*u + nl) +
n2))./(rl.*r2.*conj(rl).*conj(r2));

y = vyl + y2;

y6 = yl + y3;
y7 =yl + vy4;
y8 = yl + y5;

%$Demodulation
demodmsg = pskdemod(y,M) ;
[nes _amp, res _amp] = symerr (h,demodmsg)-;

%$Find total erros

errors 1 = errors 1 + nes_amp;
%$Demodulation?

demodmsg2 = pskdemod(y6,M) ;

[nes amp2, res amp2] = symert (h;demodmsg2).;

%$Find total erros

errors 2 = errors 2 +.-nes amp2;
%$Demodulation3

demodmsg3 = pskdemod (y7;M).;

[nes amp3, res_amp3d]. = symerr (h;demodmsg3) ;

%$Find total erros

errors_3 = errors 3 -+-nes_amp3;
%$Demodulationi

demodmsg4 = pskdemod(y8,M) ;

[nes _amp4,res amp4] = symerr (h,demodmsgd) ;

$Find td6tal erros

err@drgf 4%g~errors, 4 ‘t.mesY amp4;
end
ser amp(i)- = errors_l/(N*loops);
ser.amp2(i) = errors 2/(N*loops);
ser .amp3(i).= errors’ 3/ (N*loops);
ser ampéd (i) = errors 4/ (N*loops);
end
figure;

semilogy (SNR_dB, “ser: amp, 'bx-',SNR dB, ser amp2, 'rx-',6SNR dB,
ser amp3,-.'yx=',SNR dB, ser amp4, 'gx-');

grid-on;

legend('Gain=0:-5"', 'Gain=1.5"', 'Gain=2.5"', 'Gain=3.5");

xlabel (“Es/No, dB'); ylabel ('SER');

title ('Non.Regenerative Relays with Fixed Gain in Generalized-K
fading');
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e 3.4.6 Matlab script for BER of Fixed Gain Relay for QPSK in Generalized-K

% Bit Error Rate for QPSK modulation using Gray modulatiofmapping

clear

N = 1074; % number of symbols
M= 4; % constellation size
kb = log2(M); % bits per symbol

omega_av = 1;

m=1;

k=1

ml = 2;

k1l = 3;

m2 = 2;

k2 = 3;

thetaMpsk = [0:M-1]*2*pi/M; % reference phase values
Eb NO dB = [0:2:20]; % multiple Es/NQ| values

Es NO dB = Eb NO dB + 10*logl0 (kb);

% Mapping for binary <--> Gray code-conversion

ref = [0:M-1];
map = bitxor (ref, floor (ref/2));
[tt ind] = sort (map);

ipPhaseHat = zeros(1l,N);
for ii = 1l:length(Eb_NO.dB)

% symbol generation

ipBit = rand (%, N*kb;1)>0.5; % random 1's and 0's

bin2DecMatrix = ones (N, L)* (2.7 [ (kb-1) :-1:0]) ; % conversion from
binary to decimal

ipBitReshape’ = reshape (ipBit,kb,N).'; % grouping to N symbols
having kb bits each

ipGray = [sum(ipBitReshape.*bin2DecMatrix,2)].'; % decimal to
binary

% Gray "ebded cgnstellation mapping
ipDee.= ind«(ipGray+l)-1; $ bit group to constellation point
ipPhage. =-ipDec*2*pi/M; % conversion to phase

ip. = expi(j*ipPhdase)+ 7 $ modulation
S ip;

u:
SNR

I

+/10M(=Es N0 dB(ii)/20);

10N (Eb NO,dB(ii)/10);

a = gamrnd(m;omega av/m,1,N);

b = _gamrndi(k,1/k,1,N);

r = sgrt(a.*b).*exp(2.*j.*pi.*rand(1,N));

n = sqrt((omega av/(2*SNR))).* (randn(1l,N) + j*randn(1l,N));

al = gamrnd(ml,omegaiav/ml,l,N);
bl = gamrnd(k,1/k,1,N);
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rl = sqgrt(al.*bl).*exp(2.*j.*pi.*rand(1l,N));
nl = sqgrt((omega av/(2*SNR))).* (randn(1,N) + j*randn(1,N));

az = gamrnd(mZ,omega_av/m2,l,N);
b2 = gamrnd(k,1/k);
r2 = sqgrt(a2.*b2).*exp(2.%] pl *rand(1,N));

n2 = sqrt((omega_av/ ( 2*SNR))) *(randn (1,N) + j*randn (1,N)).;

Al = 0.5; %$sqgrt(l./((al.*bl)+(1./(SNR))));

A2 = 1.5;

A3 = 2.5;

A4 = 3.5;

yl = conj(r).*((r.*u + n))./(r.*conj(r))s

y2 = conj(rl) .*conj(r2).*(r2.*(Al.*(rls*u + nl)y+
n2))./(rl.*r2.*conj (rl).*conj(r2));

y3 = conj(rl).*conj(r2).*(r2.*(A2.* (rl.*u + nl)+
n2))./(rl.*r2.*conj (rl).*conj(r2));

y4 = conj(rl) .*conj(r2).*(r2.*(A3.*(rl.*u +-nl)+
n2))./(rl.*r2.*conj(rl) .*conj (r2));

y5 = conj(rl).*conj(r2).*(r2.*(Ad.* (rl.*u-+ nl)+
n2))./(rl.*r2.*conj (rl).*conj(r2)):;

y = yl+y2;

y6 = yl+y3;

y7 = yl+y4;

y8 = yl+y5;

5 55%%5%%%%55%5%5%%%%55%5%55%5%%%25%555% %% 55~ DEMODULATION

)

% finding the phase from [-pdi~to +pi]

opPhase = angle(y)>

% unwrapping™the.phase iie. phasewless than 0 are

% added 2pi

opPhase (find(opPhase<0)) = opPhase (find (opPhase<0)) + 2*pi;
% rounding thewreceived-phase to the closest constellation
ipPhaseHat = 2*pi/M*round(opPhase/ (2*pi/M)) ;

as+<there. isiphase~ambiguity for phase = 0 and 2*pi,

% changing“gll ;/phasesreported as 2*pi to 0.

this iswto enable c¢Omparison with the transmitted phase
ipPhaseHat (find (ipPhaseHat==2*pi)) = 0;

ipDecHat~=-round (ipPhaseHat*M/ (2*pi)) ;

o\°

o\°

Q

% Deeimal-.to~Gray code conversion

ipGrayHat = map (ipDecHat+1l); % converting to decimal
ipBinHat = dec2bin (ipGrayHat,kb) ; % decimal to binary
% ~convertfirg+binary string to number
ipBinHat =" ipBinHat.';

ipBinHat ipBinHat (l:end) .’
ipBinHat. = str2num(ipBinHat).' ;

[)

% counting errors
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Q

nBitErr(ii) = size(find([ipBit- ipBinHat]),2); % couting the
number of errors

% finding the phase from [-pi to +pi]

opPhase?2 = angle (yo6);

% unwrapping the phase i.e. phase less than 0 azxe

% added 2pi

opPhase? (find (opPhase2<0)) = opPhaseZ(find(opPhase2<Of).+ 2*pit,
% rounding the received phase to the closés't constellation
ipPhaseHat2 = 2*pi/M*round (opPhase2/ (2%pi/M)). ;

as there is phase ambiguity for phasge # 0.and 2¥pi,

% changing all phases reported as 2*pi.to 0.

% this i1s to enable comparison with the transmitted “‘phase
ipPhaseHat2 (find (ipPhaseHat2==2*pi)) = 0; ;
ipDecHat2 = round (ipPhaseHat2*M/(2*pi)).;

o°

)

% Decimal to Gray code conversion

)

ipGrayHat2 = map (ipDecHat2+1l); % converting to. decimal

[}

ipBinHat2 = dec2bin (ipGrayHat2,kb)-; % .decimal to binary

Q

% converting binary string. to.numdex
ipBinHat2 = ipBinHat2.';

ipBinHat2 = ipBinHat2(l:end)-';
ipBinHat?2 str2num(ipBinHat2)..!

Q

% counting errors
nBitErr2 (ii) = size(find([ipBit= ipBinHat2]),2); % couting the
number of errors ;

9900000000000 0000.000000000000800000

)

% finding- the- phase. from~[-pi /to +pi]

opPhase3 = angle(y7);

% unwrapping thewphase iwe. phase less than 0 are

% added™Zpi

opPhase3.(find (opPhase3<0)) = opPhase3 (find(opPhase3<0)) + 2*pi;

% rounding_ the received phase to the closest constellation
ipPhaseHat3. = 2*pi/M*round (opPhase3/ (2*pi/M)) ;

S as-thereis phase ambiguity for phase = 0 and 2*pi,
changing all phases reported as 2*pi to 0.

this. ¥s towenable comparison with the transmitted phase
ipPhaseHat3 (find (ipPhaseHat3==2*pi)) = 0;

ipDecHat3 = round (ipPhaseHat3*M/ (2*pi));

o\

o°

Q

% Dbecimal “t®” Gray code conversion
Q

ipGrayHat3 = map (ipDecHat3+1l); % converting to decimal
ipBinHat3 = dec2bin (ipGrayHat3,kb) ; % decimal to binary

Q

% converting binary string to number
ipBinHat3 = ipBinHat3.';
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ipBinHat3 = ipBinHat3(l:end).';
ipBinHat3 = str2num(ipBinHat3).' ;
% counting errors

nBitErr3(ii) = size(find([ipBit- ipBinHat3]),2); % couting. the
number of errors

% finding the phase from [-pi to +pi]

opPhase4 = angle (y8);

% unwrapping the phase i.e. phase less than=-0 are

% added 2pi

opPhased (find (opPhase4<0)) = opPhased (find (opPhased<0)) + 2*pi;

% rounding the received phase to the closest constellatien
ipPhaseHat4 = 2*pi/M*round (opPhased/ (2*pi/M).)- ;

as there is phase ambiguity fot phase.= 0 and-2*pi,

% changing all phases reported as, 2*pi te™0.

this is to enable comparisonwith'.the transmitted.phase
ipPhaseHat4 (find (ipPhaseHat4==2%pi) )..= 0;

ipDecHat4 = round (ipPhaseHat4*M/ (2*pdi)).;

o°

o\°

Q

% Decimal to Gray code cohversion

o

ipGrayHat4 = map (ipDecHat4+1) - 3w.converting to decimal

o)

ipBinHat4 = dec2bin (ipGrayHaté,kb). ; ¢.decimal to binary

Q

% converting binary/stifihg.tgd ntmber
ipBinHat4 = ipBinHat4..!;

ipBinHat4 = ipBinHat4 (l:rend) ."';
ipBinHat4 str2num (ipBinHat4) . " ;

)

% counting erkors
nBitErr4 (ii) = size (find([ipBit- ipBinHat4]),2); % couting the
number of errors

end

simBer = nBitErr/ (N*kb) ;
simBer?2 nBitErr2/ (N*kb) ;
simBer3 nBitErr3/ (N*kb);
simBer4 = nBitErr4/ (N*kb);

semilogy(Eb.NO-..dB,simBer, "rx-',Eb NO dB,simBer2, 'bx-
',Eb_NO_dB,simBer3,'"gx-! ,Eb NO dB,simBer4, 'yx-');

axis (pB=20. 10%38. 1T

grid on%

legénd('Gain=0=+39"%, “Gain=1.5"','Gain=2.5"', 'Gain=3.5");
x1label+(“Eb/Nao, dB™)

ylabel ('BER')

title('Non Regenerative Relays with Fixed Gain in Generalized-K
fading+)
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e 3.5.1. Matlab script for SER of Decode and Forward Relay for QPSK in Generalized-
K

clear;

global g m ml x L

M= 4;

g=(sin(pi/M))"2;

SNR dB = 0:2:30; %SNR dB = 0:5:40;

omega av = 1;
L=1;

m= 1;

k = 10.5;

ml = 1;

k1 10.5;

m2 = 1;

k2 = 10.5;

N = 500;

loops = 1000;
for i=1l:length (SNR_dB)

errors=0;

errorsl=0;

SNR = 10" (SNR _dB/(1)/10);
x=SNR;

for z=1l:1loops

s = randint (1,N,M) ;~%. Randem message
u = pskmod(s;M,pi/M); % Modulate using QPSK.

a.'= gamrnd (m,'omega _av/m, [1,N]);

b gamrend (k, 1%k, A1,N]);

h = sgrt (a*b) wrekp(2.*j.*pi.*rand(1,N));
e

2

sqgrt ((omega_av./ (2*SNR))) .*¢randn (1,N)+j*randn(1,N)) ;

o
=
|

= gamrnd(ml,omega_av/ml, [1,N]);
bl = gamrnd (k1,1/k1l, [1,N]);

hl = sgrt(al.*bl).*exp(2.*j.*pi.*rand(1,N));
nl- =
sqrt (((emega awv./ (2*SNR).)) .* (randn(1,N)+j*randn (1,N));
a2-= gamrnd(m2,omega av/m2, [1,N]);
b2.= gamrnd (k2,1/k2, [1,N]);
h2 = sqgrt(a2.*b2) .*exp(2.*j.*pi.*rand(1,N));
n2 =
sqgrt ( (omega_awv./(2*SNR))) .* (randn (1,N)+j*randn(1,N));
%r0 = (h.*u + n);
rl = (hl.*u + nl);
yl = conj(hl).*rl./(conj(hl).*hl);
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sl = pskdemod(yl,M,pi/M);
ul pskmod (sl1,M, pi/M);
[nesl,resl] = symerr(s,sl);
errorsl = errorsl + nesl;

r2 = h2.*ul + n2;

%y0 conj (h) .*r0./ (conj (h) .*h);
y2 = conj(h2).*r2./(conj (h2).*h2);
sy = (y2+y0)/2;

$DEMODULATION using only thedrefay link
s2 = pskdemod (y2,M,pi/M);
[nes,res] = symerr(s,s2);

[)

% Find total errors from previous IQops

errors = errors + nes;
end
serl (i) = errorsl/ (N*loops);
ser (i) = errors/ (N*loops);
ser th(i) = (1/pi)*quadl (€mgf, 0, pi-pi/M, -10"(-6) )

end

semilogy (SNR _dB, ser, 'b-x") % ,SNRw.AB, -~ sex= bl "k=!);
title('Decode & Forward Relay = (QPSK):)+

%$legend ('Simulation', 'Direct Raylreigh. kink")
xlabel ('SNR (dB)'); ylabél ('Symbol Exror-Rates'):;
%$axis ([0 40 10" (-6) 10%07);

grid on;

e 3.5.2. Matlab script for 16QAM comparison in Generalized-K

%close all
clear all
%clc
SNRAB=0:2:30;

ml=13;
k1=10 .57

m2=1;
K2=10.5%

SNR=10." (SNRAB/10Q) ;
N=1000;

itr=1000;

for step=l:itr

for kk= 1:1:1length (SNRdAB)
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hl=1;
h2=1;

hl=hl.*SNR(kk) ;
h2=h2.*SNR (kk) ;

Rlm = gamrnd(ml,hl/ml, 1, N);
R1k = gamrnd(kl,1/k1l, 1, N);
R1 = Rlm.*R1lk;

R2m = gamrnd(m2,h2/m2, 1, N);
R2k = gamrnd(k2,1/k2, 1, N);
R2 = R2m.*R2k;

eqv = 1./ ((1+1./R1).*(1+1./R2)-1);
eqv_min = min(R1, R2);

M=16;

b=3/(M-1) ;

EXACT_qam1:(4*(sqrt(M)—l)/sqrt(M))*qfunc(sqrt(b*eqv)) -
(4* (sqrt (M) -1) ."2/M) . * (gfunc (sqrt (b*eqv))) ."2;

Miniqaml=(4*(sqrt(M)—l)/sqrt(M))*qfunc(sqrt(b*eqvimin)) -
(4* (sqrt (M) -1) .72/M) . * (gfunc (sqrt (b*reqv -min)-) ). 2;

ExactQAMl N2 (step, kk)=sum(EXACT. gaml)/N;
inQAM1 N2 (step, kk)=sum (Min gaml) /N;

end
end

ExactQAMl N2=sum(ExactQAMl N2)/itr
MinQAM1 N2=sum (MinQAMI1 N2)/itr

figure (2)

semilogy (SNRAB, Exact@QAM]l N2, -k', SNRdB,MinQAM1 N2, '-b')
legend ('Amplifys and Ferward'y 'Decode and Forward')
xlabel ('SNR (dB)Y) ;ylabel ('Symbol Error Rates')
title('Analytieal end=to-—end. SNR')

grid on

e 3.5.3. Matlab script for QPSK comparison in Generalized-K

%close.all
clear all
SCks
SNRAB=0.; 2 ::30;

ml=17y;
k1=10%53

m2=1;
k2=10.5;

SNR=10." (SNRdB/10) ;
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N=1000;
itr=1000;
for step=l:itr

for kk= 1:1:1length (SNRdB)

hl=1;
h2=1;

hl=h1l.*SNR(kk) ;
h2=h2.*SNR (kk) ;

Rlm = gamrnd(ml,hl/ml, 1, N);
R1k = gamrnd(kl,1/k1l, 1, N);
Rl = Rlm.*R1k;

R2m = gamrnd(m2,h2/m2, 1, N);
R2k = gamrnd(k2,1/k2, 1, N);
R2 = R2m.*R2k;

eqv = 1./ ((1+1./R1).*(1+1./R2)-1);

eqv_min = min(R1, R2);

M=4;

EXACT gpskl=2.*gfunc (sgrtieqv))-(gfunc (sgrt(egv))) .”2;

Min gpskl = 2.*gfunc(sqrt(eqv.min)) = (gfunc (sqrt (eqv_min)))."2;

ExactQPSK1 N2 (step, kk)=sum (EXACT .qpskl)/N;
MinQPSK1 N2 (step, kk)=sum (Min-.gpskl) /N;

end
end

ExactQPSK1 N2=sum (ExactQPSK1l N2)/itr
MinQPSK1 N2=sum (MinQPSK1-N2)/itr

figure (1)

semilogy (SNRAB, ExactQPSKL N2, "~k!, SNRAB,MinQPSK1l N2, '-r')
legend ('Amplif¥y.and Forward';.'Decode and Forward')

xlabel ('SNRf (dB) ").; ylabel*(.' Symbol Error Rates')
title('Analyfical end=to-end “SNR')

grid on
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