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(1) (MHz)
0 5150.000
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2 5154.166
3 5156.249
4 5158.333
5 5160.416
6 5162.499
7 5164.583
8 5166.666
9 5168.749
10 5170.833
11 5172.916
12 5174.999
47 5247915
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Tuszuy WLAN 92R915131A38950 (Mobile Terminal : MT) uaz #3iav31e
(Scatterer) dmuAunadonnolusmsinmadsuditiesuin (Quasi - Stationary) Farfuly
35M3 STD mstfaﬁﬂgﬂpmcl'?yﬁﬁaﬂimnm (Time Slot) aza s aN s Id1vesdyan
dalaifinsnlfeunaa

wenudleluszuy WLAN usufsmsmnuvesmsdeindeyalussuy wLAN
uaasdagi 3.1 Taslugdhifudemsihananass uddmiulunuifei18nsazifuns

a t 2 o WM o o a4
wmsiumNmucmuwum‘n"lu"lﬂumwmaasznmzmﬂsmﬂms *



10

Sous . fation
50;;;09 s Copx::;w -] Irderleaver i Modulsts [—»

F8T

M

X!

Chamel

n.{‘ m
- Estimator ™

inteslecyay 1325
Femoval [

Decoder % Decoder
*

FFT

ok
Dramtous

Dsmux
INTER'Y!

L
«
*
~
=3

%

ﬂi 4 ° 1 d'd 4‘ | o
3UN 3.1 UAUAINISHINIUYBIITUY OFDM ~ WLAN (aauniimisanuis * Tai'ldviun
worsutlunisdnesszun)
E 3
1 4
dmiunuIteliauenissnesssuy WLAN Tasdayanaunauuudszidrsaneu
o 18 o LY & v - ’
TagFuNNeas 1ms1915Wer (Code rate) 1/2 Fa}fi1 K=7 (Constraint length) ADUYANBAIANILY
BPSK uaz QPSK udmlasfifludsyainvumTaonsulasyTiesnnfununisa (averse
9

Fast Fourier Transform : IFFT) u#23uia@indnuuy OFDM a1ntiuszsaufunsieuidonds

[ R ] v e dad dast 1 & Qs ) -
dasumeemadaniinisUszgndas laneigas e lildindeeiu wiieumdaves OFDM
uerasAgli 3.2 sesdyInusaszun OFDM WLAN deantusiia ladisudamduuis
(Wide Sense Stationary : WSS) 1iufiewisfiinesvesesdayana lin/dsuntaslu 1 unnina

9 )
yBadRydny 0l OFDM (OFDM Symbol) Asiiumunsoauud Idivesdyanafountasedis
F11n 1og UN19919MBUVVIIY (Flat fading , Non-selective fading) uuu§1009%0 980y 1034

aunAiuyesdyan 9o A (Rayleigh Fading Channel)

Short train symbal Long tradn symbol
PN -
ol ‘ I 4 ~
Aviarias asias|as|atiasiarims] <P ot €2
Pucket dotect Symbel tindng Chsanel esibuativn '

3U% 3.2 wilewiavedsyuy OFDM - WLAN Tuunsg1u IEEES02.11a

o A o v ac o v 9 A va
uwuw\iﬂ]g\uﬂs6\15Uﬂz“ﬂﬂﬂ']\iﬂuﬁ’]u?ﬁvlﬂ!’365qfﬂ Tﬂf]ﬂz“ﬁﬂ\iiu’ﬂ?ma'ﬂ 2 U

q,

Qs d' -~ @ AN A [ ad gy =Y v Y ) 2 e A a
nannisimilsunudelimssdyaudie3s lanessarianisg udmunisdiadming
nountlasdeyadinvumlfiduindsiiios (Serial bit stream) udriudrneasiadmesd

(Viterbi's decoder)



11

3.11 mssegandyaINATInea
b 4
- o g -~ A -
TuamAeiifieidieuensAnsziszun OFDM-WLAN Falimsuegandeyalag
acd . . - : = 4 - a 4 d'dy =)
3% PSK (Phase Shift Keying) #3ou1asusonimsusgranuvviienisgansi salufitiden
FEmsusgEanie ATz oasinAaNna1a 2 LUvAe BPSK (Binary Phase Shift Keying) U0y

& -3
QPSK (Quadrature Phase Shift Keying) #misusgianannsasi ldawlaoaums

s(t) = Acos(o t+6y) 3.7
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3.1.1.2 msusglaniuuy BPSK

nisuegiamiuy BPSK iuntsuasiindeya o wox 1 Miindaiilu 0 uaz x Tao
iy

adudyanui Mesdunwauns
s(t) = Acos(2nf.t+m-dy) (3.8)

Tag d; Aedeyniindl k Tashdeyandieenlyde

+00
d(t)= Xdyi-(gr()®8(t-KkTy))

k=— >

400
= 2dg-gr(t-kTp) - (3.9)

k=—o0

Qs Saen

Taoh gr(t) Aegihiaduesdaonudtaen uaz T, Aenuvesiin daunduves T,

Aodas 1 uag 5(t) AedleiFuaada

0, ; otherwise

1 :t=0
6(t)={’ A (3.10)

ez gr(t) fie Renduadydimaon

“

Tp Ty
==t
gr®=9" 2 1 2 (3.11)
0, ; otherwise

¥ M v
Aviumnauualiiidng 1 8as Hauilu [1,0,1,1,0,0] Tasdindisiduiiu o vzgn

ndaafush -1 Ae314 3.4
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8(t—kTy) 4

v

d(t) 4

3Ty,

4Ty,

5Ty,

v

JUN 3.4 naasiindiignuesianiuy BPSK

v

ar ~ By . . - = o .Y o o =
d1nsvean1dlunisan Spurious signal Aedinsesluniad Tasdinsesluadade=i

o
HOADUTUBIAIINDAB [9]
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1, 0<lf|< =%
2Ty,
2| Ty (1 - o) 1-a 1+a
= 2 oqft - 2 — < fis— 3.12
Gn(f)=1{cos [4(1{ Tf | I, H, 7T, <|f] < 7T, (3.12)
0, 7} > 12
\ 2Ty

FefeAvesiansesluniadas oy 185usguifine nT, mue sufudusiiims
1szauFIM22 (Synchronization) 7i9a nT, Fuydnyaludardaes hisuniudu 3185015
muai1gﬂﬁ1nu1zﬂuizniwﬁansm'114ﬂ%’aéfwamé’mﬁ'auazmé’aﬁmzﬁﬁnﬁﬁu CIRGER
anfusinfidesvesransuausinind luniad menfitadondidansessinveslundad

(root Nyquist filter) fio

Gr(f) =Gg () =GN () (3.13)

v
HAYHARB LT UBNBUNATUDIAINS BINITDIRIAB

- 1 1 > 1
BT (B 3™ sm{ZTt(l > a)T—}
[ >
Ty
1))
1 b 1
e RS 2n(l+o)— (3.14)
T dat V,
Ty

£
Y

as A d'l @ N
Wiudyanuiidiesn ldnnniessude

4

s(t) = d(t)cos2nf .t (3.15)

nazdyanufinTessunimnamenndyyavanitinsfyausuniueiuan

viauily

r(t) = Oj?h(t, t) ®s(t — t)dt +n(1) (3.16)
0
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Tnedgnuatuwnininiesfusslins@ounay 6,(t) Wlu cos(2rf,t +6(t))
v aaw de A [ o = A L :
udtiisannauITsidehimsdszauiimazauyse naglimssasonsiaoumaud aniu

e Wounsdyanufignaveqanie
Tgm(t) = r(t) x cos(2xf . t) (3.17)

uazes IRdygrufiiudinsssmauddmmaunis 3.18 uazes 1daunts 3.19 uaag

~

Yyauiiniesiundenniudansessin luadaduds

. pp () = j;-{R(t)dt[cosef @ +n()]) (3.18)
To (1) = rLpp (1) @ gR (1)

1 -3 1
=5 R(Weos8s (- Tdic-(Er() Sgr (VBB ~KTy)+ (1) 8 (1)

1 +o0
=~ R(t)cosbe (1)- Y dy (g1(t) @gr () ®8(t — kTy))+n(t) (3.19)

k=—0

.
[ 24

ﬂlu'lﬂlﬁ]ullﬂ’)\?ll'li]'lﬂﬂ’ﬁ%'lﬂH1Uﬂﬁ1ﬂfﬁl

o

il R(t) Aemsidsunasvsueuiligad
~

nardindeynvzgnauady dawsamiznsszande
T
rs(t)=ro(k-—b—), k=123,... (3.20)
n

uazgamensvsuindeya 1 n3e 0 nduAuu Taslda threshold aidon'ly

A 1, ;rs(l(—)>0
dy =1. ’]‘( (3.21)
0, ;rs(~)SO
n

9 ’ ~ a
AiudeihnmsnfSeuiioust d uag dy 1519zasof UMM IRaNaIn

INYBITRIs UNIUVIMINIAT BT s aE 1dAe [9] - [11]
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BERBPSK— AWGN = %erfc(,/Eb / NO ) (3.22)

1 1
BER BpsK ~Rayleigh = 7 erfe 1‘——.——1— (3.23)
I+—
VEIN, |

Taohiei1 Ey, do Ny iflusasidiuveandssiudeiin de aaumumiundsai

F Qs uUNIU

3.1.1.3 Mmsusglanuuy QPSK

a o 2 i
nisusfaniiyy QPSK NasInmMsadduain BPSK ‘U‘l-llﬂﬂﬁﬁ]\i‘ijﬂiﬂﬂﬁﬂ&llﬂﬂ

D
bl
as

.yl 4 : ol el & o
wanusaesgaidenisiindunniisaessgadenindu Fadausn iy cos2nf t uay
A

¥ » . »
adunvddideuiiu sin 2nf,t Mameendumzdmnduluni

TC
fcos2nf txsin2nf.t =0 (3.24)
0

Taoh Wluswvssdyapuniuwy

f,=— (3.25)

Tasldadunmamnanisamsaloudunufideninnseede 15y

(7 e

1 1
s(t) = —=d;(t)cos2nf.t + —d (t)sin 2nf .t 3.26
() > I() c \/5 Q() c ( )

%

Tasfindumvigausnde cos2nf t 9$QMIT8NI1 UINT (Inphase Channel : Ich) 110z
FafidanIniu sin 27f .t 9QNITONINIAIBIAII905INT (Quadrature Channel : Qch) Taglunis
ua@xammuf:ﬁm’faya wgnulasliiiludeyavuruasstesdyaiufie 1ch naz Qeh Feoe
98 adouar (Phase shifter) TumsueqiamIfadunitiadafu 900 Famuudindoya 8

Iy & = :i 9 ar d'
unAe [1,1,0,0,1,0,0, 1] HRZUNNGAUBYNIDUIAAL AI3UN 3.5



2T, 3Ty 4T, STy 6T, 7Ty 8T,

Ich(t)

Qch(t)

aw} ;
do} d) dg d7
dy }ds ds i dg t
do dg :
d; ds ‘
NP &
: ds ds

71U 3.5 InAignuequanuuy QPSK lusssdyau I uas Q

17

é o ¥ d' I = n' cg 3 [ o o
=mu*’n11a1_1,a'n"lﬁ"nzummmvmwmmnfluﬂaawn UAZAIDATINAWAIALNTSATINITH

[] a P oo H ° a
mIRivuRafunisueganuuy BPSK Fwaaslu [10] uaz Tuamdsoii 1dviinisiinsey

aussouzvesszuulasfSoumnsudanindanaraatunguiuazeinnissiaseszuy

OFDM-WLAN dauaaslumanisdiasieriluund s
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3.1.2 MsnsHaYe iy I

msisiagesdyaulfife i yaaiamwmude fyg usuniuuasraens
umovesdanammeIdunsial dias1ueesia (Coding gain) Fai1IiSasn1sdadeyn
getudndau ‘i‘fqTﬁudauimjé’mﬁ’mﬁ"lﬁﬂ:ﬁmﬁ'ﬂundmﬁ@uazvﬂuﬁ'ﬂfimszwinﬁnﬁu
wanaziiniedna uded e lsdmmmsihisvadesdyauduiuezdeld constellation ve4
msma@mwﬁqeiu;ﬁatlﬁ'é'ﬂﬂﬁﬂwmﬂﬁmﬂm

nsihsaneuTagiu (Convolution code) ilunsidswadesdamnmitgniden1diu
1AS§IU TEEES02.11a 39Ma 1U321Y GSM 1Az 1S-95 #3 FadoaveamisifrsWaneuTag
Fusiensfimmsedsuisassialdfuszun 1882635035 hidudeu

Y

¥ ¥
TuanAdsitlgmadsaneu Tagduniina e sfwmMIny 7 (Constraint length :
b 4

~ a as ' o -& @ o Al [ 9 o At
K=7) Taslioasisvaminy 1/2 mnmi‘hmﬁanymzuunmuummﬂu 119 Tagnlidn

1919w 2 in Aeuaasiugi 3.6

1ANA 1
AR LA ST, VALY
SENCN T Mo\ Y
ouna > Tb > Tb > Tb Tb » Tb > Tb —
Y )\ 4 Y Y
AR\ A 1.\ o Ll oI o
T\ 73 LA AL/ AL T
191N 2

Ui 3.6 mmdhsaneuTagdu 64 (2°) mam Sasr9ia 172 uazarmenatedy 7

$112U shift register A1 Flumadsdaiiuddmuasaswoenisitswaseiis o
a o, Yt o v o ° . . = ° 9 @ A
nngeiIntigasweregs egrelsnarusuau shif register Huneszsiriimsosasan
@ ¥ J o a i yc o o o . . Y 3
nnsugennunniuludnyuznsiuiifunuliidaiusuau shift register #a1iulun1s 14
uTagaauInejezd shift register TiAY 8 §2 wozluanasguves IEEES02.11a IdseyIiid
=t v 4’1 P ' o ’ 4 U ~ Y
189 6 11U Fanyhdasudisiaesliandsznu 7.0 dB iiiesszeendaseviany 10 uaz

8a313Me 1/2 Faduau1dein [12]

coding gain = 10log;o(coderate- freedis tan ce) (3.27)
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s o s Y ar - - . . P
dmiunisoeasiansuligFuse1¥sanssiiuvesImesl (Viterbis decoder) a4

L 4 v
naaIfituadansSnniuaeands i usnne ALY Maximum likelihood 11199

3.1.3 mamlasyfiwsuazmaudasySusnnfuuumsa
Tuszuy oFbM $ufluszdesneganudazindeyavuulunavesdyniudae
P g o c’l’ < g g - o as vy P . .
aduniidey astudsdesldnisulasdSisswnfuliineiilos (Inverse Discrete Fourier
b d o ar L '
Transform : IDFT) g ‘1umﬂsnnmnﬂuﬁ'muﬂmﬂagmmunaumlﬂui’fay‘nmmﬁmﬁ'w
v q’: - oy A . . 2 o . 3 o
aaiudelFnisutasdios lideiilo (Discrete Fourier Transfrom : DFT) Fumaiin3snsial
¥
msuﬂmﬁmmgﬂuuumnmaﬁammﬂmszws’ nay ﬂ'mnﬂau:{sws’wnﬁuuum?a
a 9 o L Al' - d' Al' ] o 9
uwufamsudasdeyainderileuduinvuiuiimiesds uaz utasindoyavuiu
tﬂui’fagaﬁmﬁeﬁwnwnuﬁemma@mmmzﬁua@mwﬂﬁ‘umﬁfieuaanmﬂﬁﬂi’fﬂga o1

v e s
FnsuasfTioiuaasluzii 3.7 et lRaz3Tnsdug luszsou 13 hilduanslugy

do
Yoya d
Y » S/P IFFT
Tuus : s(t)
dN-)
< )
< 7
doyn |, P/S FFT
Tuus : r(t)
dn-g

~ [ a o o a J g a4 A v A [y
319 3.7 umudaaasmisutasySiesnnAunaznsySiosuuwmsiniesds nag 1n5eesy
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3.13.1 maulasyesnndunuus)
4 o ' 4 é M
iWedeyngausaamBudeyn luuSuazidsFasesdyaiu Falidaudlszneuves

Foad o I 1oz Q fis
dp =dp, +dg, (3.28)

&’ ' A 9/ k4 T - 9 N o
mnuu%’agaﬂamawzgmulm'imﬂu'ueumm'uummeua@mmay‘awmsmasm

P o P s v ~ Y o s 4 A ° @ a A' ] P
ﬁ?ﬂﬂﬁﬂ'ﬂ'mUﬂﬂ‘]f\i’lﬁﬂ'liﬂ\iﬂﬁ'l']ﬂﬂﬂ'Iill‘ljﬂxﬂjﬁlﬂfNﬂﬂ'ullil‘l]li'l‘nﬂ'lluuﬂ'li‘Vllﬁﬁ'EN’(N U

naed ldaums

= 3 3d; (k) exp(i2nf; (t KT, )E(t - KT.)

(=00 1=0
oo N-1
-3y 3 (dli(k)+in (k) (cos(2nfy (t ~ KT, ) + jsin(27ef; (t - KT ))E(t KT, ) (3.29)
k=—01=0

. ; o A P!
N flesaunduniidesfilészuuds N = 48 wuisdatayaszgaulasvinTawm

aywaidulamuna f T, Aemuvssdydnusives OFDM uay f; uafunnidesdad i

t
fi = fo + —'I—'— (3.30)

S

o o o 3

- o Sl -
uay Aegildyanuwadvewdnsdydnyniaion lag

1 :0<t<T
f(ty=<" ’ s 331
® {0, ; otherwise (3.31)

é
3.1.3.2 mawlasySesuumis

[

a I ' A o a e
%1ﬂzﬂﬂ 37 ﬂzl“ugTﬂsguquﬂ151“]:1']“‘“9\“?]50\15“!{'“ﬂszU’JUﬂ’liwu?ﬂﬂﬂizﬁQﬂ

q
’

» ¥
iendasdeyadidrsvanduuniludeyadnmsisudn dniulunisudasdeyalulamu

o 4 - o 2 &
panduuuiudeyavulamunimdez 1$nsuasSiosuous swaadldidy

(t) = oj?h('c,t)s(t —1)dt+n(t) (3.32)
0



21

Tudruniessy dygrunsyldten1dsunmsnsesnindansesiiidszansnmiay
¥ .
luiRanisgadegddyg v (Distortion) anwiledyn 1w Id5unisAveqandyy i
4 [ ' a &K o a 4
adunmindrnzgndutignisuaumsunlasiFiesuuud ¥ 1w 1dindeyangauias

navuuiuTamuanudfe

N 1 Ts+kTg
ditk)=— [  r(t)exp(—j2xf;(t — kTs))dt (3.33)
Ty KT

& - v ¥ -:i o I 4 L9 _
Faiindeyaderiiosn Idcusoh lauequanuuy psk ivelvnduiiuiindeya

d
wanvuase 11
. L ¥ s i A
Sydnmeion siays Fraitasiu
LEEATE RN T 3
ARITTGN 52
KA NAGEAS
RAsxAORAS
Fyaramions |
s loussmug

SEXSENSEN

LT AR TR AR ]
4 T
U EDER 2

b a1

"\\{_x 7 . a 13& .-i
T udydne

519 3.8 msumsndydanyainainuluszuy OFDM-WLAN

3.1.4 M3UNSNAYANHLIIAINA (Guard interval symbol)
iesnnlunliaszun oFpm Tu'lddsennisinadyauunsnaeaszning
3 / L : a o 4 é ad & i
wanyo AnTuidesitnislunsaaransznuNINNsINIATARING I FIITHISIA N0

YA 2

> @ [ o v «3 a a v oA a
M lddewsemnnunuvesdydanyal 1l mnvy Tasmsunsndydnyainienguing
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' @ @ v W v 4 ' &
nswandh l$emhdydnual oFDM N Fydaual lundazaauwnideslulamunal ¥

° Yo ot d & o P
i Idganuaiimuniannvudedssili 3.8

Tiota1 = Ts + Tg _ (3.34)

[ - o

é ' A e z M M
#9A1 T, AB¥I9NMIY Aniudydnpal OFDM wwilszneudiodesdiufie diuusn

o

<2 o s o< 3 H a ' [ [ a 9
wredadydnyalNmua nazdiunegd undsszgafaaenulszneunduniiives
@ P Q’I S 3 " = < o5 ' ' a 9 J ' o '
dydnyaigaunenisenniond <leadnwiin” sasrdiusnanuildrziuediuszuy ua

' ' a9 ' A 4 a 4 o 9
Tavdaulng T, sxlinniesndn Tg/4 iesninamunammuvusysilingwavesszuy

anaaiues ANTUINANNT 3.29 tllegnums ndledadnuainanuudlszitou 1@y

o N-=1
S(1)= 3 3 dik)exp(i2n; (t - Ko DE'(t—KTygqa) (3.35)

k=-0i=0

s o del @ w 7L

uay £'(t) AeglduamwaangnilSuilysvemdardudnualdetion Tag

o o o

£ . D= Tg <t<T;
e, SURED > Py ¥
tazaumsh 3.33 vxivon'ld vy
A ] Ttotal +leo!al
di(k)== | = (1) exp(=j2nfj (t — kTiopq1 ))dt (3.37)
Ts kTwIal

& o a J ]
FuduaunsildnamsudasiSiosuuwsa

3.2 ¥oIaYY I

Faadeudnn sewiunTesdanazaiess v IMiAadyy s uniu msuizanm
nazmsnemoiioanndaauiignasteuniodrodaiauine (Scaterrer) sInDId Y
inﬂauﬁnﬁﬂifumﬁauaﬂﬁané’uq 1Y FYYIMIUNIUYIIVIN dnfulunissraesszuuia

° ) o 2 &2 v a4 a ' o )
ﬂ1!ﬂu%$ﬂﬂﬂﬂ1uﬁﬂﬂﬂ%ﬂﬂﬂ!ﬂﬂ%"lﬂ‘]fﬂ»iﬂflluﬂ‘ﬂmﬂ?]ﬂ
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3.2.1 YOITYRIUIUNIUVIIVINUVINIE

Tuszuudemsiniesiver Idsudyausuniuvmnuuund degili 3.9

(1 —
s(t) kJ r(t)

' n(t)

TYIMIUNIUYIVIN

307 3.9 MsUsInguesdya s UNIUYIVINIVUIMENIASBITY

s '

Tasd Y IMIUNIUVIIVINILAINAABNISINANITAANAIAT NS UITDINIVINAT

asdudygn Tuuishrawan e ndyanusuniuvnervmsunsovndeiudya s

A v & =1
AeauINIATRIAIN 19

3.2.2 Yesdwyaeusad
s d' - 3 d’ d‘ Y 9 ' ' " L3 3

UNNNTYAIUTUNIUYINAAVUNIATBITUNE Tasdrulnynmisdedyanulu
syuvdedisez IS uransznuoIndy g iuesmenasitiisennnsandunisdauy

o/ . é 1 L Y 3 o 3
N3¥190 YY1V (Broadcasting) Fadsdyayiueen llunianiannire dniulenialunis
s - L 3 9 n' ] 4’ @ A2 A 3 :
dyauAeIiuraieg) dyauszasieudunedenluszunliginiessuieiinm daniy
ﬂsmgmm‘fﬁana'nmmmmmﬁ'lﬁinimﬁ'mumummaaizumi‘luuumsﬁtT TagnWIs e N
o ' [ -~ o ad ' '
dAYVBIFOITYYIUABTIUIUID (path) 1AT AIMUINIAT (delay)

dyanunivldannsesiveziiunasiuve sdyana lunaazidunia (superposition)
é - A o Al - -7 :‘l :4’ ' d'
99z IASUHANITNUIINNITINMIYRITOIT Y IMA AU FaTuDNASIFy v

s a % A v Y v an Y A 9 [ a
FIUAUDIVUATUNUY 'Hi?]ﬂﬂﬁ'l\?ﬂﬂﬂ"lﬂ mu”maaumtfluszummmmgﬂ‘w 3.10
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.’./.'4 '.,( ‘
-« &
PR L it i it pane q‘::r"’?' i
PO s
L4
L4
2
£
Ed
»

3N 3.10 danadeumeluamshiinpuiinessesduanustd

4’ a * [ d‘ si A'l 3 9 4'
wensw luTamunaise ldhdyanuidsingiaiefuainduniai n sz
ansonaad gy

rn (1) = Refa, (t) exp j2nf . 1)] (3.38)

A‘ ° ' W S [ d' d' [ by
mammwﬁumammu N ﬂzmmimwuﬂumswasammﬂfgtymmﬂsmm"lﬂ

VINHATINVBIT Y IUNAFUNI

N
r(t) = Xra(t)

n=1

=Re ( gAn(t)}expj(anct)

n=1
= Re[(x(t) + j y(t))(cos(2nf .t + jsin 27f1)]

= x(t)cos(2nf t) — y(t)sin 2xf .t (3.39)
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wozes aumsvesnsnmedidouiiniesiulugilvesileddulaniuas Tn'land

auyadfiusTuuRI AR (Equivalent lowpass system) A1

r(t) =x(t)+j-y(1)

2 Ni (m 27n 1
= sin| — |cos{ 2xf4 cos th+ cos(2rfat
\}N1+In§1 (NJ { d (Nl)} N +1 (rtat)
N
+] 2 Zl sin(-’t—n—)cos{and cos(gﬂjt} (3.40)
VNI n=1 \Nj N;

é d' o -3 . Qs 3
Faerunsh 3.40 o2 18 T 1F unsdrassesdyanansadluunt 4

o, da
3.3 35m51a05%n

Y v
<3 k4

v o dat Sad A Vo
Jetineafeslagassnunisiauenisiszandis lanessamel¥fuszun

~

Tuau?
a J & I fadtd o oA act
OFDM - WLAN aaiuse lanannaddinislanesganinoadesfie lansdsauuusoy
[ 3 4 o st 9 v o ’ 3 dy ey o 1
gasIugInae uaz lanesFauuudswadumiis - a1 Ml lanesdauuusiusasiaiu
genqaiiudumuvesngulanesdamesimasy uaz lanesaauuuids wadumic - nm

dudumuvesndgulanesdamoeinisds

3.3.1 8laneidfuuysiudasidiugafiga (Maximal Ratio Combining : MRC)

~,
A " 4 r L Ardeew oy

P ¥ k 2 1
,33““ soefoioree |} REITITHS

,\r o 5 29

&y N - A
2 » vi P2l dnbwaw | % ;”«, .;;2 < 3‘
"{ F— \;---—-..-.....

rpaipe

Deteter

37U 3.1 uruAaIE s lanesdRuuuswdasdiugeiga

Msas1zd MRC Nldmeeniads 1| @ uazmoeInigsy 2 #2 uanadeg Uil 3.11

Tagdmualddygufidinmaissduilu s; WeRnsuudunieszninmsenadiy
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o .Y 4' o Yt o ) o/
e IMmAsudan 1 uaz 2 fmualilidaudsvestesduaiuiamodu by uaz b,

o o A
falaIauae
hl = alejel ) (3.41)
hy, = oczeje2 (3.42)

Qs

die oy uaz o, Wudinsvemevesvinadyaulusesduguniinisuenues

o

wuwisAdsynitmeenadsfumiesniaiudad 1 uas 2 awdidu 0, uaz 0, Wl
] 3 -~ 4 (1 4 o [ § ! [

uvyguninIsuenuvsgidesuuugia [-n, 7} Tasledygmgndeiulfiiniessy

Usingranindyniusunaussdsuniinisusnussuunnid dyauisulduaasldas

AUMI
n= hlsl +14 (3.43)
1y =hjysy+n, (3.44)

Taue AT szaMed Y10 (Channel Estimation) 1oz 1¥nszuiun1siFaududy

Foyaud 18 Tuaunis 3.43 uaz 3.44 0214
hin= a?s; +hin, (3.45)

3 * Q - . . [
e naasdean1sdegaiFedau (Complex Conjugate Operation) Y1 1wasanves

Ty unngaesuliaamaunis
~ = *
S = h]r] +h2r2

= (()t]2 +a§)s] +h;n1 +h;n2 (3.47)
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332 38 lanesdAuvumdnsvadumis-1am (Space-Time Coding Diversity)

- e & SR 52200

:: A hy ¥ ) ML

2 Detecioy

| iy e )
sordgows

> 32
34 3.12 usura 353 lanesgauuuds Wadumis - nan

lanesgauuuhsWadumis-nal e1fomsdadeyarugesInl (Time slot) Aivine
¥ v
mulagluumaiudiszdsdeyarumeeiniads 2 duazlFaeeniesy 1 § dagud 3.12
Tagndnnismsanmeedndransoaund 16311us93 2 Fesna ideassdudnyalve 1if
P [ o o ] = g 1 ] . .
asifaswnlasvesgesdyain [3] 5] (131 Taedya a9z A MAMT AF 961U (Transmission

matrix) TUANTHaAmNUL-1Ia1 Ao

S S
G= [ 1* 3J (3.48)
—S82 5

P ~ [Y2 T o Y 3 4 ] ] v °

Faun3ndaanana ldvindudisitasegii 3.13 Tasdlsruigemoeiniadanzsirlg
N H o H v * o o ] ar ] H
N¥oI 1 aweInadiaN Luaz 209 s; 1Az —s, ANANL Rt uluFeuIati 2

o A v * o @
ﬁ’]flﬂ'lﬂ’lﬁﬂ?ﬁ Luag 2 a9 So Hag s1 ANl

¥

S S3
——
| 51 | S2| Fudnra
! ! ! i it a-1m o o
0 T 2T 2 "1y
I

JU9 3.13 aadhsWadwnis - nan
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Ayanasuilsingnissivnnmeeimsdada 1 uaz 2 vz 145 unanindyyin

SUNIUGUAD
n= h]Sl +h252 +n, (3.49)
* *
I, = —‘hISz + th] +n2 (350)

Tavedomisdssnasesdygin s It lddyanauidunasiuenii laneisa

upu s IS - nafe
§ = h;rl + h:,r;
=(a]2 +a§)sl +h;n1 +h2n;, (3.51)
5 = h;fl i hlrg
=(0.12 +a§)sz —hln; +h;n1 (3.52)
Fimﬁ'auum?%wmﬁﬂujiym uaz dyausunuuumfuaasdeaaiuulsilsiu

%4 H d' - L] s 3 é *
Adarun1sN 3.53 uaz 3.54 Taed i=1, 2 UNUABLINIAAIAIN 1 naL 2 #9871 SNR 15U

L
AT 1A IUVDIA NI

E(s;|*) = o (3.53)
E(n;|*) = o2 (3.54)
os
Gn

Tagede3% STD sxdana 18716a510018 118 S (Diversity gain) s ey 2 1w

¥8493%5 MRC TaoilSouifiouainaunis 3.46 3.50 uaz 3.51 MINA190 1M IANA RSS2 A 18989

IYIAY 1A IMINURAIRNIUNTIEDINATIUDEIE MRC
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WINARIUII0TT STD sz lddudumavesdanaintl 2 idunn Tasisannse

A' M o a ﬁ' J 4 /
dnmeeinaduiiu 4 @umoinliillanesdamuin1s Tasldmeeiniads 4 & une
Mmoo maiy 2 @1 udiumneawihminddediu nazmsoeasiadeyafeziinmgien

J . ar
WINVUABFUAY
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UNn 4

15918849551

. ° ad 2 ° §

a1 s ziaussouzvesszuumnsei 183 nilsfensiinningasd

Fudau (Evaluation of complex formula) 33n15NavsfenIsad19uazNANDIIA (Fabricating

A ¥ A ° . . . < A o

and Measurement) HASIFNTAANIYADNI1TVIABITS VY (Simulation of system) Fslunsainae

o q 9 - P e Ny 3 a o o o o v ¥ - o

sz Idnsdmsiedszuui 18s1ais 8 nnadannzdussuunianududounazSiasiev

¥ ¥

gasnseaunitsesnuildsin Nelinissiassssuulinez1¥ludiunsnvesnisesnuuy

iesnnldamazalFnissnidnassditnis e lsAamunisiessiansszuu gy

=y d ] o 9 o 9} o - s a o Yacy 1

ﬂamsamﬂzmmumuazgﬂﬂmn1zi'|uﬂmmﬁoﬂenmmemuﬂs:ﬂmquaua:‘lmnmsw
anABIAIY

A ¥ P g 9 g [y ° °
eldwanmsdinszdiinaugades luuniise lduansnisdiansszuy Tassinis
o * J a o
afnvuinesvesuaazIinsvuin I faeandefuszul OFDM-WLAN Tagwinisnansy
t
ASMIUYBIARZIIUS A8 IIMTUTIIINIS AT e aus sausuesszuy Tagi o1 a0 Inan
» k4
snswanmaiindlinisaueuuuiineamanuauilssneuiunuusoesvsiresdynyin
HULANY
¥
aszUIuMsNInuarnseiiuuldsunsy MATLAR Tageidenissiassssuulag
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° 1 v a4 o o . . 't o ° )
Srsunamsaiqulagldeundodunsizi (Arificial mean) Tnghisufludosinisnanesquy



31

0’/’ A M A * o = - '
Manue Fan15dszgnd lFauednnilsfenmsisenudidasdanaminlussvudems

Faegnaagii 4.1 W Ut V(t) uaz W(t) dudunaveangniseigu lunszuiumsqy

a q' 9 ~t 1 - o -& ar ] o
(Random process) f4fits1dvanismidesiadaveusIdna Y(t) Fuineszidusimanis

. [ ¥
E(Y(1)) v83 Y(t) Wuiee Iasnisnanssdedunanudsamnaudldluszoy dniuis

v » b4 v
Sufudealddmuiiandsquiieaadunativies fuiunanisdszuunieaiaandei 14

Ay o -~
910N ISUBUAN TaND

Ef(¥(1))=

»

ar ]

) @
— 1 4.1
Ni=1g

é = 3 -\ s T - o 1
‘]5\1111\311]'JilUflillﬁ'mll'lUﬁﬁS’Jlﬂi’lzﬂ'ﬂ1ﬂ1ﬂﬂi1ﬂﬂﬂﬁ1ﬁﬂﬂﬂﬂ\17$ﬂﬂ1uﬁﬂ"I‘NSWN"]

14
9} o

o O"’ A -~ L o @ 3 é
muuxsmm‘lm"lwuﬂau‘umaﬁmsuauﬂﬂﬂa“lummmﬁﬂwﬂ‘wmﬂuﬂus 2UVUTDAI1TE

sz lananntuadedaly

4.1.1 MSMUINBATIRANIIATN

Tumsiudasianatndnveszyudea1soInmssmesszunlas3in1susua

3 .
alalldeozaenndnInugili 4.2

d(k)

ASZLIUMSTIAS BT

<+ amlSsuiieu

0hd>

HUYSMoIFeITY I

Y

d(k) +

JUN 4.2 unudanisdandasianaiadn

NITUIUMITNIATOISY




32

1. a¥eiduindeyanu (Random bit sequence) Taser I uiladaunlsquuaasld
dh ({d(k)},k =1, 2, ..., N) waz fyanusunau (n(k)},k=12,..., N

2. fleuiindeyaguidiuszvulasdimnssuaunisluszuodesauienissandu
Tyanusunuudalssunususidnaiin dk)

3. Uszumainiandsnn [14]

A 1 N .
Pe = — Y g(d(k)) (4.2)
Nx=)

Taoft g(Y(k))=1 & d(k) = d(k)
uar  g(Y(k)=0 &1 d(k)=d(k)
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4.1.3 Mt uiindaaasun IV UG
A4 .« . . . o a a -3
AYQAIsUNIUYIIVIN (Additive white Gaussian noise) IUFYYIUsUNIURRATY
Tuszyudems Tasfludggnaufilinoumuunivvesanlnaiuidea1unsdi (Constant power

spectral density : PSD) ﬁm%"unﬂq 77210

SNN(f)=—I\g)— ;—oo<f <o (4.5)
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S ()
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f
0
H(f)
f
-B 0 B
SN,N; ()
Ng /2
3 | f
—f, /2 _B 0 B f, /2
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A
/ m=nd/2, j=0 /

v
itemp =E(l,k) ;k=1...m

\ 4

ich(l, j) = itemp(l, j)

A 4

qch(l, j) = qtemp(l, j)
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/ N=64,m=0 /
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imap (1,6) = zeros(64,6)

A 4

qmap(1,6) = zeros(64,6)
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m=m-+1

imap(m,6) = ich(m + 1,6)

A 4

qmap(m,6) = qch(m +1,6)

imap(m,6) = ich(m +12,6)

A 4

gmap(m,6) = qch(m +12,6)

\ 4

m=m+]1
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iexpand = imap(
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qexpand = qmap
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iguard = [iexpand ; imap ]
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attn = 7 (4.13)
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nob =eob=nop=eop=error=0,i=1
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error = input serial bit — output serial bit

error >0
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/ eob = eob + error /
v
/eop:eop+1/
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X nob = nob + length (output serial bit)
v u
/ nop =nop +1 /
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Source Code

1 yemdailiSangaddedeanazFaunsl
clear

pom=cputime;

mit=0; fin=20; step=1;

loopa=5000; loopr=200000; pathr=1;
ebnO=[init:step:fin];
berl=bpsk_rayleigh(init,fin,step,loopr,pathr);
ber2=br_mrc(init,fin,step,loopr,pathr);

ber3=br_std(init,fin,step,loopr,pathr);

semilogy(ebn0,berl,'r-d',ebn0,ber2,'b--0',ebn0,ber3,'’k:*"); %'r:s','m-.
legend('Rayleigh - QPSK : ND',Rayleigh - QPSK : MRC',Rayleigh - QPSK : STD");
axis([0 fin 0.0001 1]);

xlabel('Eb/N?'); ylabel('BER'); grid;

tauw=cputime;

period=tauw-pom;

fprintf(*%c\%4.2d\%c\n','Simulation time is ',period,’ seconds'’)

A

.2 qﬂﬁn‘*}'\ﬁimmszuﬂmfm&’mumgmsunmm'ammnmmmﬁumsmgmn
411 BPSK

function ber=bpsk_awgn(init,fin,step,loopa)

%clear

%init=0; step=1; fin=15;

sl=cputime;

%

% OFDM parameters set up

%



para=52;
fftlen=64;
noc=53;

gilen=16;

o/,
/0

% parameters set up

%

nsym=21;
nsamp=8;
%pack=16;
nd=6;
total=nd*para;
ml=1;
sr=256000;
br=ml*sr;
rollfac=0.5;
ebn0=[init:step:fin];
m=length(ebn0);
fprintf("\n")

=1,

while t<=m
noe=0; nob=0; iii=1; loop=loopa;
while iii<=loop

serial=rand(1,total)>0.5;

%

% BPSK modulation
%

map=2.%serial-1;

60
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o/
/0

% S/P

%

parallel=reshape(map,para,nd);

% Carmer Mapping

qdata=zeros(fftlen,nd);

[imap,qmap]=crmapl(parallel,gdata,fftlen,nd);

%

% Complex signaling

%
zl=imap+qmap.*i;
z2=ifft(z1);
tout=real(z2);
gout=imag(z2);

0/,
/0

%  Guard interval insertion

%
fttlen2=fftlen+gilen;

[iguard,qguard]=guard1(iout,qout,fftlen,gilen,nd);

%
%  Define Power of signal
%

sp=sum(iguard.”2+qguard.”2)/(nd*para); %para*nsamp*nsym
amp_fade=0.5*sp*sr/(br*10"(ebn0(1,t)/10));

amp_fade=sqrt(amp_fade);
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174
/0

% Additive White Gaussian Noise Adding

%
iawgn=randn(1,length(iguard)).*amp_fade;
qawgn=randn(1,length(qguard)).*amp_fade;
inoise_add=iguard+iawgn;

gnoise_add=qguard+qawgn;

o
o~

%  Guard interval removed

%

[igrem,qgrem}=guardrem](inoise_add,qnoise_add,fftlen2,gilen,nd);

% Decomplex signaling

o/
/0

v=ffi(igrem+(qgrem.*1));
iin=real(v);

gin=imag(v);

°
=

% Carrier demapping

(<
™~

N
=

[idemap,qdemap}=crdemap1(iin,qin, fftlen,nd);

%
% P/S

o/
/0

d=reshape(idemap,l,para*nd);

%

% Demodulation



o
™

X
[~

demo=d>0;

%

%  Bit Error Rate Calculation

%

error=sum{abs(demo-serial));
noe=noe+error;

nob=nob+length(serial);
%fprintf('%d\t%d\t%e\n',i-1,error,noe/nob);
if mod(loop,iii}==0

fprintf{('%c','#");

else

end

end %end of simulation loop

fprintf("\n");
ber(1,t)=noe/(nob);
fprintf('%d\t%d\t%e\n’,t,ebn0(1,t),ber(1,t))

t=t+1;

end %end of plot loop

berl=ber;

s2=cputime;

period=s2-s1;

fprintf('%c\%4.2d\%c\n','Simulation time is ',period,' seconds’)
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n3  gamasdiaessyunluresdyanusuniunvInuumMEninsHegEan

uiy QPSK
function [ber3}=qpsk_awgn(init,fin,step,loopa)
%clear
%init=0; step=1; fin=20;

sl=cputime;

o/
/0

% OFDM parameters set up

%
para=52;
fftlen=64;
noc=53;

gilen=16;

% parameters set up

nsym=21;
nsamp==_;
pack=16;

nd=6;

ml=2;
total=nd*para*ml;
sr=256000;
br=ml*sr;
rollfac=0.5;
ebnO=[init:step:fin];
m=length(ebn0);
fprintf("\n")

t=1;



while t<=m

noe=0; nob=0; 1ir=1; loop=loopa;
while iti<=loop

serial=rand(1,total)>0.5;

% S/P

stp=reshape(serial,para,nd*ml);

%

% QPSK modulation

%

[imod,qmod]=qpskmod3(stp,para,nd,ml);

%
%  Normalize by Mod. Coeff
%

kmod=1/sqrt(2);
inorm=imod.*kmod;

gnorm=gqmod.*kmod;

%

% Carrier Mapping
%

{imap,gmapl=crmap3(inorm,qnorm, fftlen,nd);

%
% Complex Signal
%

zl=imap+qmap.*i;
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z2=ifft(z1);
itran=real(z2);

qtran=imag(z2);

%  Guard interval insertion

%

fftlen2=fftlen+gilen;

[iguard,qguard]=guard3(itran,qtran,fftlen,gilen,nd);

%

% Define Power of signal

(174
/0

sp=2*sum(iguard.*2+qguard."2)/(para*nd); %nd*para*pack
amp_fade=0.5*sp*sr/(br*10™(ebn0(1,t)/10)};

amp_fade=sqrt(amp_fade);

%
% Additive White Gaussian Noise Adding
%

1awgn=randn(1,length(iguard)).*amp _fade;
gawgn=randn(1,length(qguard)).*amp _fade;
inoise_add=iguard+iawgn;

gnoise_add=qguard+qawgn;

%

%  Guard interval removed

%

[igrem,qgrem]=guardrem3(inoise_add,qnoise_add, fftlen2,gilen,nd);

%

% Complex signal



%

yl=igrem+qgrem.*i;
y2=fit(y1);
ire=real(y2);
qre=imag(y2);

%

% Carrier demapping

%

[idemap,qdemap]=crdemap3(ire,gre, fftlen,nd);
idenorm=idemap./kmod;

gdenorm=qdemap./kmod;

°
S

% QPSK Demodulation

(=4
™~

N
[

[demod]=gpskdemod3(idenorm,qdenorm,para,nd,ml);

% P/S

%

pts=reshape(demod,1,para*nd*ml);

%

%  Bit Error Rate Calculation

%

error=sum(abs(pts-serial));

noe=noe+terror;

nob=nob+length(serial);

% fprintf('%d\t%d\t%e\n',i-1,error,noe/nob);
if mod(loop,iii)==0
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fprintf{'%c','#');

else

end %end of simulation loop

fprintf("\n");
ber(1,t)=noe/(nob);
fprintf{'%d\t%d\t%e\n',t,ebn0(1,t),ber(1,t))

t=t+1;
end %end of plot loop

ber3=ber;
s2=cputime;
period=s2-s1;

fprintf('%c\%4.2d\%c\n','Simulation time is *,period,' seconds’)

° Q:I o g d 3
n4  yamdadiassszuvluvesduaausagniinisneganuuy BPSK
function [ber2]=bpsk_rayleigh(init,fin,step,loopr,pathr)
%oclear

%init=0; step=1; fin=20;

sl=cputime;

0/
/0

% OFDM parameters set up
%

para=52;
fftlen=64;
noc=53;

gilen=16;
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% parameters set up

nsym=21;
nsamp=8;
pack=16;
nd=6;
total=nd*para;
ml=1;
sr=256000;
br=ml*sr;
rollfac=0.5;
ebnO=[init:step:fin};
=length(ebn0);
fprintf("\n")

%
% Fading parameters

%

fd=160;
flat=1;
tstp=1/sr/nsamp;

path=pathr; % <--select 1-path 2,2-path 3,4-path

switch path
case 1
delay=[0];
th=[0.0];
ppow=[0];
n0=(6];
counter=1000;

itn0=nd*nsamp; %nd*nsamp;
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iml=[counter];

now=1;

case 2 .
delay={0,2];
th=[0.0,0.0];
ppow=[{0,10];
n0=[6,7];
counter=1000;
itnO=nd*nsamp;
itn1=[counter,2000]:

now=2;

case 3

delay=[0,2,3,4];
th=[0.0,0.0,0.0,0.0];
ppow=[0,10,20,30];
n0=[6,7,6,7];

counter=1000;

itn0=nd*nsamp,
itn1=[counter,2000,3000,4000];
now=4;

end

=1;

while t<=m

noe=0; nob=0; ii=1; loop=loopr;

while iii<=loop

serial=rand(],total)>0.5;
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%

% BPSK modulation
%

map=2.*serial-1;

=
™~

X
©

o
=

parallel=reshape(map,para,nd);

%

% Carrier Mapping
%

qdata=zeros(fftlen,nd);

[imap,qmap)=crmap2(parallel,qdata,fftlen,nd);

% Complex signaling

zl=imap+qmap.*i;
22=ifft(z1);
iout=real(z2);

gout=imag(z2);

%  Guard interval insertion

%
fttlen2=fftlen+gilen;

[iguard,qguard}=guard2(iout,qout,fftlen,gilen,nd);

%

%  Define Power of signal

71



72

%

sp=sum(iguard.”2+qguard.*2)/(nd*para); %para*nsamp*nsym
amp_fade=0.5*sp*sr/(br*10"(ebn0(1,t)/10));

amp_fade=sqrt(amp_fade);

%  Rayliegh Fading Channel

[iray,qray]=sefade2(iguard,qguard,delay,ppow,th,n0,itn1,now,length(iguard),tstp,fd, flat);

itnl=itn1+itn0;

%

% Additive White Gaussian Noise Adding

%
iawgn=randn(l1,length(iray)).*amp fade;
qawgn=randn(1,length(gray)).*amp_fade;
inoise_add=iray-+iawgn;

qnoise_add=qray-+qgawgn;

%

%  Guard interval removed

o/
/0

[igrem,qgrem]=guardrem2(inoise_add,qnoise add,fftlen2,gilen,nd);

% Decomplex signaling

v=fft(igrem+(qgrem.*1));
itn=real(v);

gqin=imag(v);

o
™
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% Carrier demapping

o/
/0

[idemap,qdemapl=crdemap2(iin,qin, fftlen,nd);

% P/S
%

d=reshape(idemap,1,para*nd);

o
™

N
Q

% Demodulation
%

demo=d>0;

%

%  Bit Error Rate Calculation

%

error=sum(abs(demo-serial));
noe=noeterror;

nob=nob+length(serial);

% fprintf{'%d\t%d\t%e\n',i-1,error,noe/nob);
if mod(loop,iii)==0

fprintf("%c','#");

else

end

end %end of simulation loop

fprintf("\n');
ber(1,1)=noe/(nob);
fprintf('%d\t%d\t%e\n’,t,ebn0(1,t),ber(1,t))
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t=t+1;
end %end of plot loop

ber2=ber;
s2=cputime;
period=s2-sl;

fprintf{’%c\%4.2d\%c\n','Simulation time is ',period,’ seconds’)

ns5  gamdsdmesszuuluvesdganansadiitinisueganuuy QPSK
function [berd}=qpsk_rayleigh(init,fin,step,loopr,pathr)
%clear

%mnit=0; step=1; fin=20;

sl=cputime;

%

% OFDM parameters set up
%

para=52;
fftlen=64;
noc=53;

gilen=16;

% parameters set up

%
nsym=2};
nsamp=38;
pack=16;
nd=6;
ml=2;

total=nd*para*ml;



sr=256000;
br=mli*sr;
rollfac=0.5;
ebn0=[init:step:fin];
m=length(ebn0);
fprintf("\n")

0/
/0

% Fading parameters

%

fd=160;

flat=1;

tstp=1/sr/nsamp; % tstp=1/sr/nsamp;
path=pathr; % <-- select 1-path 2,2-path 3,4-path

switch path
case 1
delay={0];
th=[0.0];
ppow=[0};
n0=(6];

counter=1000;

im0=nd*nsamp; %nd*nsamp; %itn0=nd*(fftlen+gilen)*10;

itn1=[counter];

now=1;

case 2
delay=[0,2];
th=[0.0,0.0J;
ppow=[0,10};
n0=[6,7};

counter=1000;
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itn0=nd*nsamp;
im1={counter,2000];

now=2;

case 3

delay=[0,2,3,4];
th=[0.0,0.0,0.0,0.0];
ppow={0,10,20,30];
n0=[6,7,6,7];

counter=1000;

itn0=nd*nsamp;
itn1={counter,2000,3000,4000];
now=4;

end

%

t=1;

while t<=m
noe=0; nob=0; ii=1; loop=loopr;
while iti<=loop

serial=rand(1,total)>0.5;

%

% S/P

%

stp=reshape(serial,para,nd*ml);

%

% QPSK modulation

%

[imod,qmod]=qpskmod4(stp,para,nd,ml);



%

%  Normalize by Mod. Coeff

%
kmod=1/sqrt(2);
inorm=imod.*kmod;

gnorm=gmod.*kmod;

% Carrier Mapping

[imap,gmap]=crmap4(inorm,qnorm, fftlen,nd);

%

% Complex Signal
%

zl=imap+qmap.*i;
z2=ifft(z1);
itran=real(z2);

gtran=imag(z2);

%
%  Guard interval insertion

%

fftlen2=fftlen+gilen;

[iguard,qguard])=guard4(itran,qtran, fftlen,gilen,nd);

%

% Define Power of signal

% -
sp=2*sum(iguard.”2+qguard.”2)/(para*nd); %nd*para*pack
amp_fade=0.5*sp*sr/(br*10"(ebn0(1,t)/10));

amp_tade=sqrt(amp_fade);
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%  Rayliegh Fading Channel

o/
/0

(iray,qray]=sefade4(iguard,qguard,delay,ppow,th,n0,itn1,now,length(iguard),tstp, fd, flat);

iml=itn1+itn0;

%

% Additive White Gaussian Noise Adding

%
iawgn=randn(1,length(iray)).*amp_fade;
gqawgn=randn(l,length(gray)).*amp_fade;
mmoise_add=iray-+iawgn;

gnoise_add=qray+qawgn;

%
%  Guard interval removed

%

[igrem,qgrem]=guardremd4(inoise_add,qnoise_add,fftlen2,gilen,nd);

%

% Complex signal
%

yl=igremtqgrem.*i;
y2=ffi(yl);
ire=real(y2);

gre=tmag(y2);

%

% Carrier demapping

o/
0o

[idemap,qdemapl=crdemap4(ire,gre,fftlen,nd);

idenorm=1demap./kmod;
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qdenorm=gdemap./kmod;

% P/S

pts=reshape(demod, 1,para*nd*ml);

%

%  Bit Error Rate Calculation

%

error=sum(abs(pts-serial));

noe=noe-terror;

nob=nob-+length(serial);

Y fprintf('%d\t%d\t%e\n',i-1,error,noe/nob);
if mod(loop,iii)==

fprintf{('%c','#");

else

end

end %end of simulation loop

fprintf("\n');
ber(1,t)=noe/(nob);
fprintf{'%d\t%d\t%e\n',t,ebn0(1,t),ber(1,t))

t=t+1;



end %end of plot loop

ber4=ber;

s2=cputime;

period=s2-sl;

fprintf('%c\%4.2d\%c\n','Simulation time is ',period,’ seconds’)

v
dadal

.6 yamddiaesszuvluvesdyaneusdaniinisueganuuy QPSK
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function [ber4}=qr_mrc(init,fin,step,loopr,pathr)
%clear

%init=0; step=1; fin=20;

sl=cputime;

%

% OFDM parameters set up

74
/0

para=>52;
fftlen=64;
noc=53;

gilen=16;

% parameters set up

nsym=21;
nsamp=3;
pack=16;
nd=6;
ml=2;

total=nd*para*ml;
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sr=256000;
br=ml*sr;
rollfac=0.5;
ebnO=[init:step:fin];
m=length(ebn0);
fprintf("\n')

%

% Fading parameters

o/
/0

fd=160;

flat=1;

tstp=1/sr/nsamp; % tstp=1/sr/nsamp;
path=pathr; % <-- select 1-path 2,2-path 3,4-path

switch path
case 1
delay={0];
th=[0.0];
ppow=[0];
n0=[6};

counter=1000;

imO=nd*nsamp; %nd*nsamp; %itnO=nd*(fftlen+gilen)*10;

itnl=[counter];

now=l1;

case 2
delay=(0,2];
th=[0.0,0.0];
ppow=(0,10];
n0=(6,7];

counter=1000;
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im0=nd*nsamp;
itn1=[counter,2000};

now=2;

case 3

delay=[0,2,3,4];
th=[0.0,0.0,0.0,0.0];
ppow=[0,10,20,30];
n0=[6,7,6,7];

counter=1000;

itn0=nd*nsamp;
im1=[counter,2000,3000,4000];
now=4;

end

%

t=1;

while t<=m

noe=0; nob=0; iii=1; loop=loopr;
while iii<=loop

serial=rand(1,total)>0.5;

% S/p
%

stp=reshape(serial,para,nd*ml);

%
% QPSK modulation
%

[imod,gmod]=gpskmod4(stp,para,nd,ml);
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o/
/0

%  Normalize by Mod. Coeff
Y%

kmod=1/sqrt(2);
inorm=imod.*kmod;

gqnorm=gmod.*kmod;

% Carrier Mapping

[imap,qmap]=crmap4(inorm,gnorm,fftlen,nd);

%

% Complex Signal

%
Zl=imap+qmap.*i;
z2=ifft(z1);
itran=real(z2);

gtran=imag(z2);

%
%  Guard interval insertion

%

fftlen2=fftlen+gilen;

[iguard,qguard}=guard4(itran,qtran,ffilen,gilen,nd);

%
% Maximal Ratio Combining Diversity

%

Il=iguard;
12=iguard;

Ql=qguard;
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% Define Power of signal

sp=2*sum(11.72+Q1.~2)/(para*nd); %nd*para*pack
amp_fade=0.5*sp*sr/(br*10"(ebn0(1,t)/10));

amp_fade=sqrt(amp_fade);

%  Rayliegh Fading Channel #1

liray1,qrayll=sefade4(I1,Q1,delay,ppow,th,n0,itn 1 ,now,length(iguard),tstp, fd, flat);

itnl=itn1-+itn0;

%

% Additive White Gaussian Noise Adding #1

%
iawgnl=randn(1,length(irayl)).*amp fade;
gqawgnl=randn(1,length(qrayl)).*amp_fade;
inoise_addl=irayl+iawgnl;

gnoise_addl=qrayl+qgawgnl;

%  Guard interval removed #1

%

[igrem],qgrem]}=guardrem3(inoise_add!,qnoise_addl,fftlen2,gilen,nd);

%

% Complex signal #1
%

xI=igreml+qgrem].*i;
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x2=fft(x1);
irel=real(x2);

grel=imag(x2);

% Carner demapping #1
%

[idemapl,qdemapl J=crdemap3(ire1,qrel,fftlen,nd);
idenorml=idemap!./kmod;

qdenorml=qdemapl./kmod;

=4
™

N
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%  Rayliegh Fading Channel #2

%
[iray2,qray2]=sefade4(12,Q2,delay,ppow,th,n0,itm1,now, length(iguard),tstp, fd, flat);

itnl=itn1+itn0;

%
% Additive White Gaussian Noise Adding #2
%

iawgn2=randn(1,length(iray2)).*amp_fade;
gawgn2=randn(1,length(qray2)).*amp _fade;
inoise_add2=iray2-+iawgn2;

gnoise_add2=qray2+gawgn2;

%  Guard interval removed #2

[igrem2,qgrem2]=guardrem3(inoise_add2,qnoise_add2,fftlen2,gilen,nd);

%

% Complex signal #2

85



%

yl=igrem2+qgrem2.*1;
y2=fft(yl);
ire2=real(y2);
qre2=imag(y2);

% Carrier demapping #2

[idemap2,qdemap2]=crdemap3(ire2,qre2, fitlen,nd);
idenorm2=idemap2./kmod;

gdenorm2=qdemap2./kmod;

%
% MRC at reciever

%

idenorm3=idenorml-+idenorm2;

gdenorm3=qdenorml+qdenorm?2;

%

% QPSK Demodulation
%

[demod}=gpskdemod3(idenorm3,qdenorm3,para,nd,ml);

%

% P/S

%

pts=reshape(demod,1,para*nd*ml);

o/
/0

%  Bit Error Rate Calculation

%
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error=sum(abs(pts-serial));

noe=noe+error;

nob=nob+length(serial);

% fprintf('%d\t%d\t%e\n',1- 1 ,error,noe/nob);
if mod(loop,iii)=0

fprintf{'%c','#');

else

end

n=iitl;

end %end of simulation loop

fprintf("\n');
ber(1,t)=noe/(nob);
fprintf("%d\t%d\t%e\n',t,ebn0(1,t),ber(1,t))

t=t+1;
end %end of plot loop

ber4=ber;

s2=cputime;

period=s2-sl;

fprintf{'%c\%4.2d\%c\n','Simulation time is ',period,' seconds’)

~
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function [ber4}=qr_std(init,fin,step,loopr,pathr)
%clear

%mit=0; step=1; fin=10;

%s1=cputime;

%
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% OFDM parameters set up

para=52;
fftlen=64;
noc=>53;
gilen=16;

9/
/0

% parameters set up

%

nsym=21;
nsamp=3_;
pack=16;

nd=6;

ml=2;
total=nd*para*ml;
sr=256000;
br=ml*sr;
rolifac=0.5;
ebn0=(init:step:fin];
m=length(ebn0);
fprintf("\n")

o/
/70

% Fading parameters

%

fd=160;
flat=1;
tstp=1/st/nsamp; % tstp=1/sr/nsamp;

path=pathr; % <-- select 1-path 2,2-path 3,4-path

switch path
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case 1

delay=[0];

th=[0.0};

ppow=(0};

n0=[6];

counter=1000;

im0=nd*nsamp; %nd*nsamp; %itn0=nd*(fftlen+gilen)*10;
itn1=[{counter];

now=l;

case 2

delay={0,2];
th=[0.0,0.0];
ppow={0,10];
n0=[6,7];
counter=1000;
imO=nd*nsamp,
itn1=[counter,2000];

now=2;

case 3

delay=[0,2,3,4];
th=[0.0,0.0,0.0,0.0];
ppow=[0,10,20,30]; N
n0=[6,7,6,7];

counter=1000;

itn0=nd*nsamp;
itn1={counter,2000,3000,4000];
now=4;

end

%

=1;
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while t<=m

noe=0; nob=0; iii=1; loop=loopr;
while iii<=loop
seriall=rand(1,total)>0.5;

serial2=rand(1,total)>0.5;

comp=[seriall serial2];

% S/P

%

stpl=reshape(seriall para,nd*ml);

stp2=reshépe(scria12,para,nd*ml);

%

% QPSK modulation

%
{imod1,qmod1]=qpskmod3(stpl,para,nd,ml);
{imod2,qmod2]=qpskmod3(stp2,para,nd,ml);

%
%  Normalize by Mod. Coeff
%

kmod=1/sqrt(2);
inorml=imod1.*kmod;
gnorml=qmodl.*kmod;
morm2=1mod2.*kmod;

gqnorm2=qmod2.*¥*kmod,;

%

% Carrier Mapping
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0/
/0

[imapl,qmap]1}J=crmap3(inorm1,qnorm1, fftlen,nd);

[imap2,qmap2)}=crmap3(inorm2,qnorm2,fftlen,nd);

0/
/0

% Complex signaling
%

A=imapl+qmapl.*i;
S1=ifft(A);
iinl=real(S1);

qinl=imag(S1);

B=imap2+qmap2.*i;
S2=ifft(B);
iin2=real(S2);

gin2=imag(S2);

isl=[iinl iin2]; % ic time slotl
gsl=[qinl gin2]; % qc time slotl
is2=[-iin2 iinl]; % ic time slot2
gs2=[qin2 -qinl]; % qc time slot2

[ 7A
/0

%  Guard interval insertion

%
fftlen2=fftlen+gilen;

[iguardl,qguardl]=guard3(is1,qsl,fftlen,gilen,nd*2);
[iguard2,qguard2}=guard3(is2,qs2,fftlen,gilen,nd*2);

%

%  Define Power of signal #1
%
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sp=sum(iguardl."2-+qguard1.#2)/(nd*para*2); %para*nsamp*nsym
amp_fade=0.5*sp*st/(br*10"(ebn0(1,1)/10));

amp_fade=sqrt(amp_fade);

%  Define Power of signal #2

%
sp=sum(iguard2.~2+qguard2."2)/(nd*para*2); Y%para*nsamp*nsym
amp_fade=0.5*sp*sr/(br*10"(ebn0(1,t)/10));

amp_fade=sqrt(amp_fade);

174
/70

%  Rayliegh Fading Channel #1

%
[iray1,qrayl]=sefade2(iguard1,qguardl, delay,ppow,th,n0,itn1,now,length(iguard1 ),tstp,fd, flat);

itnl=itn1+itn0;

%
%  Rayhegh Fading Channel #2
%

[iray2,qray2j=sefade2(iguard2,qguard2,delay,ppow, th,n0,itn1 ,;now;length(iguard?),tstp,fd,flat);

itnl=itnl+itn0;

%

% Additive White Gaussian Noise Adding #1
%

iawgnl=randn(l,length(irayl)).*amp _fade;
qawgnl=randn(1,length(qrayl)).*amp_fade;
inoise_addl=irayl-+iawgnl;

gnoise_addl=qrayl+qawgnl;

%
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% Additive White Gaussian Noise Adding #2

%
1awgn2=randn(1,length(iray2)).*amp_fade;
qawgn2=randn(1,length(qray2)).*amp _fade;
inoise_add2=iray2+iawgn2;

gnoise_add2=qray2+qawgn2;

%  QGuard interval removed #1

ligrem1,qgrem1]=guardrem3(inoise_addl,qnoise_addl,ffilen2,gilen,nd*2); %inoise_add1,2

%

%  Guard interval removed #2

%

[igrem2,qgrem2]=guardrem3(inoise_add2,qnoise_add2,fftlen2,gilen,nd*2);

o/
/0

% Decomplex signaling #1
% STD decoder

%
1inl1=zeros(fftlen,nd);

iinl 1=igrem1(1:fftlen,1:nd); % irx1 from ic time slotl
iin21=zeros(fftlen,nd);

in21=igrem1(1:fftlen,nd+1:2*nd); % irx2 from ic time slotl
ginl 1=zeros(fftlen,nd);

qinl 1=ggreml1(1:fftlen,1:nd); % qrx1 from qc time slotl
qin21=zeros(fftlen,nd);

gin2]1=qgrem1(1:fftlen,nd+1:2*nd); % qrx2 from qc time slotl

1in22=zeros({ftlen,nd);

1n22=-igrem2(1:fftlen,1:nd); % irx1 from ic time slot2



iin12=zeros(fftlen,nd);

iinl2=igrem2(1:fftlen,nd+1:2*nd); % irx2 from ic time slot2
qin22=zeros(fftlen,nd);

qin22=qgrem2(1:fftlen,1:nd); % qrx1 from qc time slot2
qinl2=zeros(fftlen,nd);

gin12=-qgrem2(1:fftlen,nd+1:2*nd); % qrx2 from gc time slot2

ioutl=iinl1+iinl2;
iout2=iin21-+in22;
goutl=qinl 1+qinl2;

qout2=qin21+qin22;

vi=fft(ioutl/2+(qout1/2*1));
ioutl=real(vl);

goutl=imag(vl);

v2=fft(iout2/2+(qout2/2.*1));
iout2=real(v2);

gout2=imag(v2);

% Carrier demapping #1

[idemap1,qdemap1]=crdemap3(ioutl,qoutl,fftlen,nd);
idenorml=idemap]./kmod;

qdenormli=qdemapl./kmod;

%

% Carrier demapping #2
%

[idemap2,qdemap2]=crdemap3(iout2,qout2, fftlen,nd);

idenorm2=idemap2./kmod;
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qdenorm2=gdemap2./kmod;

% QPSK Demodulation
%

[demod1}=qpskdemod3(idenorm1,qdenorm],para,nd,ml);
{demod2]}=qpskdemod3(idenorm2,qdenorm2,para,nd,ml);

%

% P/S

%
ptsl=reshape(demod],1,para*nd*ml);

pts2=reshape(demod?2,1,para*nd*ml);

% STD decoder at reciever

pts3=[pts1 pts2];

%

%  Bit Error Rate Calculation

%

error=sum(abs(pts3-comp));

noe=noe+error;

nob=nob+length(comp);

% fprintf('%d\t%d\t%e\n',i-1,error,noe/nob);

if mod(loop,iii)==0 )
fprintf’%c','#";

else

end



end %end of simulation loop

fprintf{("\n');
ber(1,t)=noe/(nob);
fprintf"%d\t%d\t%e\n',t,ebn0(1,t),ber(1,t))

t=t+1;
end %end of plot loop

berd=ber;
%s2=cputime;
%period=s2-sl;

% fprintf('%c\%4.2d\%c\n','Simulation time is *,period,' seconds’)

1.8  YAfIHIVINBINITHBYIANTYANAUUYY QPSK
% subroutine QPSK modulation

function [idata,qdata}=qpskmod(parallel,para,nd,m1)
m=ml/2;

sourcel=parallel . *2-1;

count=0;

new=nd;

for i=1:new

1si=zeros(para,l);

isq=zeros(para,1);
for j=1:m

1si=isi+2.”(m-j).*source 1((1:para),j+count);

1sq=isq+2."(m-j). *source1((1:para),m+j+count);
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end

idata((1:para),i)=isi;
qdata((1:para),i)=isq;
count=count+ml;

end

n9  yamdidiasanisanegEanduanamyy QPSK
% subroutine QPSK demodulation

function [demod]=qpskdemod(idenorm,qdenorm,para,nd,m!)

demod=zeros(para,ml*nd);
demod((1:para),(1:ml:ml*nd-1))=idenorm((1:para),(1:nd))>=0;
demod((1:para),(2:ml:ml*nd)) = qdenorm((1:para),(1:nd))>=0;

n.10  yafmasdiassmsundnaumnides

% subroutine carrier mapping

% (DC=0)

function [iout,qout]=crmap(idata,qdata,fftlen,nd);

%****************** Variables 2 e ok o ofe ok ofe o 3k she ok ofe o e sl ok ok ok ofe o o ok e ok ok

% idata  :Input Ich data

% qdata : Input Qch data

% iout :Output Ich data

% qout  : Output Qch data

% fftlen : Length of FFT (points)

% nd : Number of OFDM symbols

% 3k sk e ok sk s ok e sk ok ok e ok ok o sk Sk sl ok ok ok o8 e e 3B s 2k 3k ke ok ok ok sk ke ok s sk ok ok o e ok s ofe sk ol sk s sk ok e ok ok

iout=zeros(fftlen,nd);
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gout=zeros(fftlen,nd);

out(2:27,:)=idata(1:26,:);
qout(2:27,:)=qdata(1:26,:);
out(39:64,:)=idata(27:52,:);
qout(39:64,:)=qdata(27:52,:);

o Q'J o = ﬂ' dy
f.11 ﬁgﬂmmmaaam‘smmﬂﬂau‘wmﬂaﬂ

% subroutine carrier demapping

function [iout,qout]=crdemap(idata,qdata, fftlen,nd);

%****************** Variables e sk e o st ke s ofe ke o ke o ok s o sk sl oleok sk ok

% idata  : InputIch data

% qdata Iﬁput Qch data

% iout  : Output Ich data

% qout  : Qutput Qch data

% fftlen : Length of FFT (points)

% nd : Number of OFDM symbols

% 3 3t e o sfe ol ke e e ke o e ol sk o ok e e s sl e ke e e ke ke ok ok ok ok sk kol st ok ok s sk ok ok s skl eskeok ok sk sk ke skok ok

iout(1:26,:)=1data(2:27,:);
qout(1:26,:)=qdata(2:27,:);
iout(27:52,:)=idata(39:64,:);
qout(27:52,:)=qdata(39:64,:);

o Q'J o Ao 24 d
N.12 AN TV 1AINIUNINAYANHAULIAINN

% subroutine guard interval

function [iout,qout]= guard(idata,qdata,fftlen,gilen,nd);
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% idata : Input Ich data

% qdata : Input Qch data

% iout : QOutput Ich data

% qout : Output Qch data

% fftlen : Length of FFT (points)

% gilen : Length of guard interval (points)

% e o o sk e s e 2 s e o o o o Ak ol e ok e s ok e 3 e o e o ok o e ol o e ke o e o ol o ole o e ok ok o ol ok sk ok ok Xk

idatal=reshape(idata,fftlen,nd);
qdatal=reshape(qdata,fftlen,nd);
idata2=[idatal(fftlen-gilen+1:fftlen,:); idatal];

qdata2=[qdatal(fftlen-gilen+1:fftlen,:); qdatal];

iout=reshape(idata2,1,(fftlen+gilen)*(nd));

gout=reshape(qdata2,1,(fftlentgilen)*(nd));

o ‘:I ° U L d
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% subroutine guard interval removed

function [iout,qout]= guardrem(idata,qdata,fftlen2,gilen,nd);

%****************** Variables 3 e 3 o 3 ol ofe sfe o e e o e o o S ofe ofe o 3k ske dfe ok e o

% idata  :Input Ich data

% qdata  : Input Qch data

% iout : Output Ich data

% gout : Output Qch data

% fftlen2 : Length of FFT (points)

% gilen : Length of guard interval (points)
% nd : Number of OFDM symbols

% 3k s sk 3k o sk 3¢ ok sk ok sk ske sk sk sk ok 3k sk ok 3k e ok 3 sk ok sk ok s ok ske ok ok o ok o sk ok sk ke ok ok ok ok ok sk ok ke sk ok ok ok ok
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idata2=reshape(idata,fftlen2,nd);
qdata2=reshape(qdata,fftlen2,nd);

iout=idata2(gilen+1:fftlen2,:);

qout=qdata2(gilen+1:fftlen2,:);

n.14  gamidamsninnmludesdyana
% subroutine delay

function [iout,qout] = delay( idata, qdata , nsamp , idel )

96******************Vaﬁabks*************************

% idata input Ich data

% qdata mput Qch data

% iout output Ich data

% qout output Qch data

% nsamp Number of samples to be simulated

% idel Number of samples to be delayed

96******************************************************

iout=zeros(1,nsamp);

gout=zeros(1,nsamp);

if idel ~=0
iout(1:idel) = zeros(1,idel);
gout(1:idel) = zeros(1,idel);

end

iout(idel+1:nsamp) = idata(l:nsamp-idel);

gout(ideH1:nsamp) = gdata(1:nsamp-idel);
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function [iout,qout,ramp,rcos,rsin}=fade(idata,qdata,len,tstp,fd,no,counter,flat)
len=length(idata);
if fd ~= 0.0
ac0 = sqrt(1.0 ./ (2.0.*(no + 1))); % power normalized constant(ich)
as0 = sqrt(1.0 ./ (2.0.*no)); % power normalized constant(qch)

icO = counter; % fading counter

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

ts = tstp;

wmts = wm, *ts;

paino = pai./no;

xc=zeros(1,len);
xs=zeros(1,len);

tc=[1:len]+ic0;

fornn=1:no
cwn = cos( cos(2.0.*pai.*nn./n). *ic.*wmts );
xc¢ = x¢ + cos(paino.*nn).*cwn;
Xs = xs + sin(paino.*nn).*cwn;

end

cwmt = sqrt(2.0).*cos(ic. *wmts);
xc = (2.0.*xc + cwmt).*ac0;

xs = 2.0.*xs.*as0;

ramp=sqrt(xc.”"2-+xs."2);
rcos=xc./ramp;

rsin=xs./ramp;
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if flat ==1
iout = sqrt(xc.2+xs./2).*idata(l:len); % output signal(ich)
qout = sqgrt(xc."2+xs.”2).*qdata(1:len); % output signal(qch)
else ‘
iout = xc.*idata(1:len) - xs.*qdata(1:len); % output signal(ich)
gout = xs.*idata(1:len) + xc.*qdata(1:len); % output signal(qch)

end

else
iout=idata
gout=qdata

end

.16  ¥AMFIveIVRITUN AV IMENNNITaANDY

function[iout,qout,ramp,rcos,rsin}=sefade2(idata,qdata,itau,dlV1,th,n0,itn,n1,len, tstp, fd, flat)
len=length(idata);

tout = zeros(1,len);

qout = zeros(1,len);
total_attn = sum(10 .~( -1.0 .* dlvl ./ 10.0));
fork=1:nl
atts = 10.4( -0.05 .* divi(k));
if divi(k) >=40.0
atts = 0.0;

end

theta = th(k) .* pi ./ 180.0;
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[itmp,qtmp] = delay ( idata , qdata , len , itau(k));

[itmp3,qtmp3,ramp,rcos,rsin] = fade (itmp,qtmp, len, tstp,fd,n0(k),itn(k),flat);

iout = iout + atts .* itmp3 ./ sqrt(total attn);

qout = qout + atts .* qtmp3 ./ sqrt(total_attn);
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ENHANCEMENT OF DATA TRANSMISSION IN OFDM -
WLAN SYSTEM USING TRANSMIT DIVERSITY
METHOD

T. Jitrangsri'?, S. Sittichivapak’

! Department of Telecommunication Engineering
King Mongkut's Institue of Technology, Ladkrabang, Bangkok 10520, Thailand
? Department of Mathematics
Mahanakorn University of Technology, Bangkok 10530, Thailand

ABSTRACT

Currently, the OFDM-WLAN system becomes the
interesting topic since wireless technology is very
successful at present. Although the advantage of wireless
system is the moveable terminal but wireless channel
itself needs more advanced techniques to combat the
effect of muitipath, as the data is transmitted through the
channel. Diversity technique is considered to be one of
the method to improve efficiency of data tranmission in
physical layer. In this paper we present the applying of
transmit diversity to the OFDM-WLAN system. The
Space Time Diversity (STD) is simulated, compared with
Maximal Ratio Combining (MRC). The simulation result
shows that STD can improve effictency of the system by
decreasing Packet Error Rate (PER) as well as MRC.

1. INTRODUCTION

Presently, the wireless technology plays an important role
in communication system. The data transmission in
wireless channel is limited by noise and scatterer which is
considered from the multipath fading. Since the WLAN
system has an indoor-environment characteristic which is.
assumed to be a very slow fading channel. The OFDM
scheme is used in WLAN system which provides higher
bit rate and can be considered as multi-carrier
modulation. The OFDM divides the serial bit stream into
parallel bit streams. Each stream is modulated by different
subcarrier then all parallel bit streams are converted to
serial bit stream again before tramsmitted through the
channel. The channel bandwidth is occupied by the
summation of all narrowband subcarriers.

The well-known technique to combat the effect of the
multipath fading is the antenna diversity. Two example of
the receive diversity are selective diversity and maximal
ratio combining. The other technique is transmit diversity
such as, delay diversity, space time diversity (STD) and
space time coding (STC) diversity. The simple scheme for

0-7803-7762-1/03/$17.00 ©2003 IEEE
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transmit diversity using two transmit antennas and single

receive antenna whieh is less complicated compared with
STC is proposed [1]. The effect of power control to the
antenna of transmit diversity is also proposed later in [2].

In WLAN system, it is considered as quasi-stationary
since the movement of both mobile terminal (MT) and all
scatterer in an indoor-environment rarely occurs, then the
two transmit symbols are not affected by channel fading.
The block diagram of OFDM-WLAN is shown in figure
1.
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Figure 1. Block diagram of the OFDM-WLAN system.
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In this paper we present the simulation result of WLAN
which baseband is encoded by convolution code with code
rate /2 and constraint length K=7, then modulated and
converted to parallel bit stream by Inverse Fast Fourier
Transform (IFFT) with total number of subcarriers. After
that all parallel bit streams are converted into serial bit
and combined with short and long train symbols. Both
train symbols are used for several techniques in OFDM
system but they are not included in our work here.

The channel of WLAN system can also be considered as
Wide Sense Stationary (WSS) where the parameters of the
channel do not change between one OFDM symbol or one
packet. The channel is considered as non-selective fading
or flat fading and channel model is assumed to be
Rayleigh fading channel.

The receiver diagrams of each diversity technique are
different in estimation scheme but they are similar in the



second part which is Maximum Likelihood (ML) detector,
where the signal pass through the Viterbi's decoder which
parameters depend on modulation scheme. The linear
process is used to estimate the channel at the receiver by
using the information from the long train symbol.

The preemble which is also call cyclix prefix is
represented in figure 2 to show the utilization of each
part.

Short :min symbn} Lang :rai:\ symha}
Mo mlele] &1 a1 & ]
Packet 2atect Gywbel Bming Chmmmel esthaatlen

Figure 2. The OFDM Preemble structure in
IEEE802.11a  standard.

The paper is organized as follows. In section 2 the two
different diversity schemes STD and MRC are discussed.
In section 3 simulation results are presented and
disscused. Finally in section 4 we summarize the
comparison of receive and transmit diversity and conclude
the effect of STD scheme in OFDM-WLAN system.

2. DIVERSITY SCHEME
2.1 Maximal Ratio Combining (MRC)

R R i H
P L e ) oo
(T S oyl SR ) BN, < B
N et A #, )
i 7T R
e, 50 dstectee [T
By Tvea PR S ol 2' T + 9§
LR T oy P
Fotioutcn 2 B feoseee G el

Figure 3. Block diagram of MRC Receiver.

In this paper we use one transmit antenna and two receive
antenna for MRC scheme as shown in figure 3. The signal
from the transmitter denoted by s,. When we consider the

paths from the transmit antenna to the first and the
second receive antenna we can assume the channel fading
parameter to be h, and h, respectively.

h, =™ (1)
h, =, @

Where a, and o, are fading amplitudes in the channel

with Rayleigh distribution in the first and the second path
respectively. 0, and 0, are random phase with uniform

distribution on the close interval [—x, n]. Hence the signal

which appear at the receiver are affected by complex
random noise with Gaussian distribution then the receive
signals are given by.
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r =hgs, +n, (3)

I, =h,s, +n, ()]

Applying channel estimation and linear process with
equation (3) and (4), we obtain.

hl.rl zalzsl +h:nl (5)
h,r, =ajsp+h3n, ©)

Where * represents the complex conjugate operation then
the combined signal which is input for ML detector is

S =h;1, +h;r1,
=(o +a3)s, +hin, +hjn, (7)

2.2 Space-Time Diversity (STD)

s
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Figure 4. Block diagram of STD Receiver.

Space-time diversity uses two symbols s, and s, which

transmit twice in two time slots. We transmit a pair of
symbols from two transmit antennas to one receive
antenna as shown in figure 4. Since the channel is very
slow fading channel then two pair symbols which
transmit in two time slots also is assumed to affect by the
same channel fading parameter. The signal is transmitted
through the transmission matrix as space time encoder [1]
[2]. The transmission matrix is given by.

S, S, .
s s ®

The matrix which obtain from the space time encoder is
presented in figure 5.

s 8§
M
5 5 1 |
—t | STD Encoder ..
0 T 27 R
I I g
0 T 2T

Figure 5. Space time encoder.



The receive signal appears at the receiver which are
affected by random noise is then given by.

r, =h;s, +h,s, +n, ®
, =-h;s; +h,s] +n, (10)

Using channel estimation and linear process with
equation (9) and (10), we obtain.

§, =h;y, +h,1,

=(a} +al)s, +h/n, +h,n; (A1)
5, =hyn ~hr

=(af +a3)s, +hyn, +hon,  (12)

The average energy of the signal and Gaussian random
noise are the variance given by equation (13) and (14)
where 1 =1,2 is the order of transmit antennas. The signal
to noise ratio (SNR) is then given by equation (15).

E(si|)=0? (13)
Edn)=c? (14)
2
SNR =% (15)
C

In STD diversity scheme from equations (7) (11) and (12)
we note that diversity gain is twice with MRC when the
total power at two transmit antennas in STD is equal to
transmit antenna in MRC. In order to increase diversity,
we can increase the number of transmit antenna but that
mean the transmission matrix is more complicated [6].

3. SIMULATION RESULT

The parameters we use in this simulation are referred to
the IEEE802.11a standard [3] [4] and [S] which is shown
in table 1. The baseband in binary data is coded by %
code rate convolution code with constraint length k=7
then modulated by BPSK QPSK 16-QAM or 64-QAM
and converted to parallel bit stream by IFFT with N=64
replace for Inverse Discrete Fourier Tranform (IDFT) to
reduce the computation complexity. Each bit stream
which is modulated by 48 different subcarriers combine
with extra 4 pilot signal, totally 52 subcarriers are used.
Then all parallel streams are converted into serial bits and
the preamble are added. In the MRC scheme the serial
bits stream pass to the transmit antenna. But in the STD
scheme, It needs to process the data in space time encoder
before they pass through the transmit antenna.
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At the transmit antenna, in both diversity schemes we
assume the total power is equal for all simulations to
compare the performance of bit error rate (BER). The
receive signal is retrieve from channel estimation and
maximum likelihood estimator. Then the signal pass
through the Viterbi’s decoder in which the data is
converted to baseband again.

The whole simulations are using MONTECARLO method
which MATLAB scripts are used to simulate the BER [7]
and packet error rate (PER) of each diversity scheme in
different factors. The actual bit errors which are affected
by random noise are counted at the output compared with
the real transmit bits. In this paper we transmit 19200 bits
through the system to generate the output.

Parameter Values
Coding (FEC) Convoluton code rate 4
Constraint lingth k=7
Modulation BPSK, QPSK, 16-QAM and

64-QAM
Number of subcarrier 48
Number of pilot signal 4
Symbol period 4 us
Cyclic prefix (Symbol) 16
OFDM data (Symbol) 80
Sampling rate 20 MHz
Channel model Rayleigh

Table 1. OFDM-WLAN simulation parameters.

— WD 1Tx-1Rx
& MRC 1Tx-2R [
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Figure 6. BER of non-diversity (ND), MRC and STD

diversity scheme.

From the simulation results, in figure 6 we found that the
diversity techniques decrease the SNR about 4-5 dB,
while compared with non-diversity system (ND) when
consider at BER equal to 10° and if we compare SNR
between STD and MRC, the MRC has only 1.5 dB over
STD.



Refer to IEEE802.11a standard, the bit rate of system
depends on modulation methods. In figure 7 we simulate
the different modulation techniques, BPSK QPSK 16-
QAM and 64-QAM then we found that the BPSK has
more efficiency at lower SNR, and is 3-4 dB less than the
QPSK. However in modern communication system which
needs a high bit rate (more than 5 Mbps) the QPSK may
be use to reach the requirement. For the 16-QAM and 64-
QAM, we need more techniques to reduce the BER in the
low SNR for the higher bit rate application.

BER

4 é ; 1:0 1‘2 1.4 16
SNR (d8)

Figure 7. BER of BPSK QPSK 16-QAM and 64-QAM

modulation.

- AWGN-MRC

SNR (dB)

Figure 8. BER of STD and MRC diversity scheme in
AWGN and Rayleigh channel.

In figure 8, when consider at the PER equal to 10 percent
(PER=0.1) we note that in both channel models, AWGN
and Rayleigh channel, the results are similar but in
Rayleigh channel the STD and MRC scheme converge to
cach other at low PER (abont 0.1) and there is only about
2 dB different between STD and MRC.
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4. SUMMARY

In the applying of space-time diversity with OFDM-
WLAN we found that the system is more efficient
compare with the system without diversity. At 2 branches
of both schemes, the STD can improve the BER of the
system in the similar way as MRC. At the low bit rate
BPSK modulation is recommended and there is trade-off
between bit rate and BER depending on the decision of
designing engineer.

Since changing the device in any system is cost effective
then transmit diversity is maybe one way to avoid
complexity in changing all user terminals but only change
at the transmitter device. The further research is focussed
on another technique to improve the efficiency of transmit
diversity such as channel estimation and phase tracking
technique.
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