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ABSTRACT

This thesis proposes an equalization method in frequency domain for burst mode OFDM
signal operating in the time-variant multi-path fading channel. The feature of proposed method is
to enable the adaptive equalization in frequency domain by using only one preamble symbol
inserting at the start of every burst frame. In the proposed method, the channel frequency response
is estimated by using the preamble symbol, which corresponds with the impulse response of
multi-path fading. The proposed method also employs the adaptive filter of which frequency
bandwidth is optimized by using the several peak amplitude levels including the impulse response
in order to improve the accuracy the estimated channel frequency response. This thesis presents
various computer simulation results to verify the proposed method when compared with the

conventional equalization method.
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v a =1

4 =]
msuaamanaiuy ToloWaoy (Orthogonal Frequency Division Multiplexing: OFDM)
< a Ao [ 9/ =] [ a 1
Wlumatiai Idansadeimdeyadisnnusige Taverfenanmsmsdaiuuumay
Al o . . = .:\!.uJ @ 9 1 ~ 9 1 =1 a a ' A‘( & =
AAUWIN (multi-carrier) 8nM9Galdeunnud laegriilsz@nimmmazudazadunividoohn
3) 1 [ ar 4 s = e 3
1 lumsdsdygravsianlaasunounulasiinuauiiAuedn15A94nIn (Orthogonal
. & o o ' A a1 @ ~ v a =] o =
properties) #afMuAzANIEHINATUWIHIDBAWAAIIUFUN 2.4 MmstammanguuyTowewa

= = = ! w1 0 ; =
wuilumatianmanuiezihwnldlumsdoas 15aelugad 4 [1-2]
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frequency

@ oa =] a A d
2.4 MTuaAWANYLLY Toe WAy
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2.2 AnANEAzYRIBRIT AL aAMEIHARS

w

dlodedyanaduiad luuresdyaiauuuiadwisinlsfuaiunal (time-varying

5 at A o 9/ =3 A o ~ =1 i

multi-path channel) dyanaisyldvzdingiluvuiuiad waasdsgili 2.5 vinglazidiun
A o " A w A 1 @ @ o 3 =1 @ JdA Ao

dievhimsaduiadeen linameg iy dygiunsuldezdnngiuvuiuiadaiisuou

3
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ad manlasuulaamsszduna serneiaduazimulosigafomslasumlassiau
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TdRasanmnansznveesdyaaunodyymignaseon ) Feawrsaioulugiiallld
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N
(1) = Re[u(t)e””-’?'] (2.1)

dio s() Whidyanaizimadeoonly
u(t) t
I

H WigmuﬂmLLﬂUﬂ’J‘lflJaﬁ'lﬁlliﬁlﬁ (Equivalent low-pass signal)

=

A o
HUANUDAAUNWIN

(=Y

anuaniidumalumsuninsznenuuiaims  Tasluimasidunazaoandoenuy
MyUsgTaa lumsuningz1e (propagation delay) Uaz@2152nOUNITAANDY (attenuation
A QBJ, = 1 at s
factor) Aanan1gszIanarlunmsuninszaenazdilszneunsaaneuaziinisulsiuay
o A 9 ” P “ '
narvuduwavinnmsddsunlaslulaseadevesdnae dremaiiduanaourig

(band-pass signal) N5u 1A 1uaas ladeaunsh (2.2)
x(1)= e, (0s(t=7,(1) (22)
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x(t)=Re ({Z a, (f)e 2y, [t-, (r)]} g! hld J (2.3)

o =

nnaumIn (2.3) wduna lAndygranauanudfauyan1ed sy (equivalent low-pass

o o

received signal) fAn

r() =3 a, (O ult — 7, ()] 24)
n
dynnnidnids dynmimisy
=, = ! i e o
=t +F,
)

t=t,+a =1, !’[z—i_rzz!

E=E T, r=£2+Z‘n

(V)

| |?|

r=tn+,6’ =7 =T =,
(=t.+7T (=t,+7T
3 31 3 33

(®)

1=ttty =1 1=, 7T,
()

{ a o d T o v A § w
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o900 #(f) nJuwamwﬁuawawaaamqmmummﬁmamﬁa (equivalent low-
pass channel) @iﬂﬁtgtymmummﬁﬁmwa (equivalent low-pass signal), (1)

kY
@ 1

ATUYOITYRNUUDUANUDMAUYA (equivalent low-pass channel) dzuanald lugl)

as

a d A @ a ::ay
VDINANTNDUTUDINNDUNAT ﬁﬁmmﬂmummmmu

e(zit) = y @, (e 08 -2, ()] (2.5)

n

dy o Y] ' @ o 9 o T 9 ~
aums (2.5) Hmwnzdmivresdaauilsznoudisesnlszneuvosusazidumaiiiiy
HUUATATA (discrete multi-pass component)
A a [ A " g o ‘:; = v of 3 T
Wennsanmsdedyamuaiuwd laoluldueguanainud £ Al () iy
) v
1 dmsunnnm ¢ Semalidyaniulddmsunstivesresdyanadafmsuuuaania

o c:; =1 ] [=~{
(discrete multi-path channel) HEARIANNITA 2.4 enansaon T ATl

P} = 3 o, (e A

= Z g (e /%" (2.6)

4 . @ @ Ao Y ] ' d'
e 6,()=2xfr,(t) uuﬁamgiugmmﬂﬂﬂzﬂsznaumﬂwammaawlﬁ (phase) M199%
o a g g o ' ¥y A =
uilsdumuna Taslueunwayailu o, (1) wasiidaiily 6,(1) dunadtazdsufanisnldey

s s =] 1 o o =) =
wlaamanada (dynamic) ¥oe a, (1) ludnaruiluesindzduram lfinanisleu
o o @ { o = (% =1 = y
wlasiddgludyanansuls luvaz@oadu 6,(¢) weiduuasdll 27 dou e 7,

§ y o & w = o ' =
nasulasly 1/ £1ilesnin 1/ £ dwiluduavindestaniuldn 6, () ennsafdouuaa
=) @ o o A Y] = < 9 [ 3 a
1 27 5oy Teeduiusiums/aswlasesdinaaiissnniosiniy nanlszds
& o o dw g ' as = = 9/ a 1 as =) =
FeaduWusAUaUN A vIda MM asulasiietnsiaag iy uaziinsnlaoy
1 ~ ] o U =] 1w Ao
wlagede luaunsoiiuieanant e (random) vaesldmundyanansuld ») luaw
P ° Y ! A Ao ¥
M (2.6) awsngaiaeeiiilunszuIumsgy (random process) Haddmudunialy
A o = v Ao w 4 L. °
mamaouniuInmuIsanezlamguRtagudnats (central limit) lumsdiaos 7(1)
< Toa - )
nJuﬂﬁwnum'ﬁqmm%@mmm Gaussian (complex-valued Gaussian random process) Hufoma
a o oA @ ) 1 = Y
aovauoIDNNadNITHUA N c(r;0) 12TUATEUIUMTUIFIFOULDY Gaussian 116
s ¢

HUVTIADINTUNT NTZBUUUNAAWIS  (multi-path propagation model) UDIHD

) o o A o o = & o a
doyanauaasimuldnndyananivld r¢) fwumsn 2.6 Fulunaianmamads
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5 ¢ a8 A o 8 :
vesdyan Uningmiaaiaaaiudosduduramnnnsudsiunamlua {6,(0)) 7

=1 ) 1 9/ Y o _’,ﬁ =1
unsnsdumunaugulavaeandosiunames {a,,c : } TunsinkaINnITIIWAN

wosithu I ludnuazsindredu willunalddyanaisuld +¢) Tanfesnaniaugudly

a wa ] L 4 ) =) s ~ a o W o va =1
Vl’l\'l'ﬂ{]'ﬂﬂ TIAIUNITUNLIAN DT {o:“e ’ "} llﬂ1'§i')ilcluaﬂ'}dﬂi$1’llﬁﬁ\iﬂuﬁmﬂﬂﬁm?’lﬂ]ulﬂﬂﬂ$ll
) 9 -:? d' = s cicu y:s'r =
ATUIN ﬂ’]ﬂlﬁﬁ‘luﬂ7'§L'J.JﬁUuuﬂﬂﬁu@uwﬂ@ﬂ“ﬂ'Oﬂﬁ%yﬂ]u’]ﬂlﬂ'5'1.]Vl.ﬂ“])’\']l‘ﬂul’ﬂﬂﬂﬂ]ﬂﬂwﬂﬂﬂﬂlﬂq

£ [l
a1 (signal fading) aﬁiuagﬁuamﬁﬂytuzamwaﬂwa'ﬁwuﬂiwummam (time-variant

multi-path characteristic) YDI%DI: RIRTRL
4 a o d o 1 a
Wowaneuauoaniduiad c(r;r) grsiaoudunszuiumsguiFeadounuy
. Ao A o J = =
Gaussian ﬂiJﬂ’ILﬂﬁUL“lJuﬂufJ (zero mean) UAZVYUIA (envelope) |C(T;t)J Nuazaa1laginig

v
1 @ =)

. ¥ [ o3| - a g
LANLALUY Rayleigh nisfidgpsdyanaaziuryosdaananinmavaduiuiyy Rayleigh

1o s A 1 o Yt 1 o d o dd:.u =
LATIVITUNTUN c(r;r)"thmmmam‘lmmmamﬂuqua NTUU \c(r;r)l ZUNTTLLINLLY

=

o L. 1 o =] ' o =t a o g
(WU Rician uazyesdyanaazidurosdyainninmsmaauilunuy Rician
<o v o s i I i o o
WanFUanaunus (correlation function) LAZHINTUANUHU MUY LA TUUD IR
9 (power spectrum density) @11150 ¥ MuAnuANYUZYRITRITYNMUILDTaANIEVA

a Yy A a v o a o i g
Aa'ld WOITUIHANITADVAUDIONWATUD VN NNOAITUYA  (equivalent low-pass impulse

:u

& < oA .
response) ¢(7;1) «muﬂmﬂmaﬂymzyﬂumzmumsqmmwammu Gaussian (complex-

'
1 =

o I~{ o' cu a A —

valued Gaussian random process) AN UgUETUA T ¢ TUNAN c(r;0) DAnBUZAIN
. . [ u;j do w o o .

HUUNAA (wide-sense stationary ) AINUAIVITOMWINFUIATNTUNUT (auto-correlation) VDY

elnt) iy

1 = *
§.(2, 5300 = B [ ¢ (73 0e(m,30) ] (2.7)

w = 1

TudnavesmssuaadyaaIngdaulng nMsaaneu (attenuation) LAZNITHON

ag 3

: 1 @ Ao o dw a 1o o do
e (phase shift) %ﬂ@“ﬁ@@ﬁiy‘mﬁmﬂﬁi\lwu'ﬁﬂlJL’Jﬁ'I‘IJiﬁ’N 7 %&’ulhﬁﬂwuﬁﬂﬂﬂ'liﬂﬂﬂ'ﬂuuﬂ$

=

y { o o o = o | w = ' @ 1
ﬂ'l‘iLﬁ?J'UW‘Iﬁ"ﬁﬁllWu'ﬁﬂUL'Jﬁ'l'lJi$'N 7, N3 ﬂx1ﬂﬂ'l')llﬂﬂm‘iUﬂ']']ﬂ'liﬂ‘i$ﬂﬂﬂ‘§'$ﬂ']fJLL‘U‘Uul‘JJﬁﬁ

Fd

o o o ot al a [ { a 3
TUWUD (uncorrelated scattering) cl.u‘]’1uﬂ%ﬁllllﬁ?'lﬂ"l'ﬂﬂﬂﬂﬁﬂi$ﬂﬂﬂﬁ$@18ﬁﬂiﬂl’i$?ﬁ'ﬂﬂ

(Y] w o -
Ao biduiusou mnaunsn 2.7) 1z la

%E[c* (75t + Azt + At)] =@ (7; A0 (7, —7,) (2.8)
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v Y v o 4 o w o q’
1d Ar =0 wadwsvesilandudnanduiusg $.(7;0)=¢.(7) maﬁﬂmmmmwmmnwm
i a 2 o o dy 2 A v . . N
yoIdyaudululanduves ¢ MINMANATIENNTEN @,(7) 1 MIP (multi-path intensity
profile) vosyeddy I lavidludy ¢ (r;A1) azuaasiidenueinamaslugiluog

<o ] @
Handu 7 uazanuuanssvesm lumsduna Ar

w ¢ v

lumal§ia ¢, (r; Ar) %zi’ﬂ“lmﬂﬂmsdaﬁaﬁﬁﬁwqLmnmnqw?aammmnmuﬂmw

[T 37]

. . o v w Y ) ' @ - o @ Y
(wideband signal) URZMTUTUWUTUIN (cross-correlation) ﬁzmwafgﬂunﬂmmulﬁ’ﬂuﬁ’wm
Qs q’j { = = A ar =<4
dyananiuesngnlsziwmeenly Taednduda ¢.(2) vefimanasluanyaon Twuu
= . A A A 2 ' ! £ a1 1 g o =
1580 (exponential decay) DA 7 UAUWHVYY BNUDIA 7 W @.(7) um‘lmﬂuﬁuaﬂmnﬂ

1 ’ ' @ £
71 multi-path spread YDIVDIAYUWIULUNUAW T

$.(7)

-« 7 ————-

m

5UN 2.6 uaas MIP

MIUAAIRUANYUZVDITo Ty U UNaaIs Nl sAum I Ty Tamuved
A o 0 = [ o .
anuanansah Idluihueudonny Taglumsulasises (Fourier transform) ¥09 c(7;)

¢ 1@ FuaeTon (transfer function) Nusiueua C(f31) Wo £ Wudusves

o

dlcu =1
AITHRAIU

C(fit) = [elmte ™ dr 2.9

-0

& < Ay . e A g o o @
(10990 (731) WUNTLUIMMITUTIFDUIUY Gaussian NUANRROUgUElUFNN)T ¢ A3

e
] T

=1 @ aa s N 9 9/ ¥ Y =
Hu C(f;) Mizdguanvusnadanmilouiudiy arumgineldnsauuainges

as =] . . = o w w  w  Jl Y g
eI ulUY “wide-sense stationary process” 1915 IAFUSR AN FURUT Id1TI
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1 "
Géc(fl,fz;A!):;E[C (Faicls, st (2.10)

4 =1 e @ \ 4
iWeenn C(f31) iumsilasyi5es (Fourier Transform) ¥04 ¢(z;¢) 39 liilunsulandiaz

1 v w dw v 3
WU @.(f, f,: A1) deduiusty ¢, (r;Ar) Tavmsudasyi3os (Fourier Transform) @a1iu

Wounuauman (2.9) aaluaums (2.10) 14

¢.(fi frsAD) = % wj ?E[c'(r, 0e(zy;t+ A ) dr dr,

—00 —00

J' J‘¢C (1 A0S (1, 7, ) h g dr.

—00 —o0

o0

J‘¢’¢.- (1,;A1) e/ h=f)n drl

[ 8. 80e” 7 dr, = g.(AF; A0) (2.11)

[

do Af = f,—f vnaumsh @2.11) dunadn ¢ (Af;AD WumsulasiSos  (Fourier
£

Transform) Y99 MIP wenmntnmsauuASumsnszdan ldussuaasldiy
Milausaanduiusues C(f;0) Whufiveilaiduveinnuuanmananind Af = f, - f,
suhusadumsmngeaiazton ¢, (Af3AD Milarduanduiugmlanand-mlanig
1781 (space-frequency space-time correlation) mmﬁa&ﬁ'ﬂﬁym

auudd At = 0 luaumsh @.11) s d.(Af:0)=¢.(Af) uaz ¢,(r:0)=¢,(7)

a2 ldamudunusiily
6.(Af) = f g, (0)e ™ dr (2.12)

i g ¢ o ' ! " 2 &
ANNFUWUTMNANNISN (2.12) ansaudadlaagln 2.7 Wewnn ¢ (Af) Wuilendu
o o @ o A = d ¥ 3 =R @ A o
oaernduRus ludlsvesnmd dutlumssaasldimunemsianunsawiy  (coherence

1 ar v W 4 .
frequency) VOIWDIAYYIN VINWAVDIANNAWHUT IUNTHayi5es (Fourier transform)

q H o & 4 o @
JEUIN @.(Af) wag ¢.(7) 12 ldmaiueaReIfiuN multi-path spread HuTIUAITIALLUA
= a1 W 1 [ @

AANTINUY (coherence bandwidth) VDIFDIT UM 1ufo

1
Af), ~— 2.13
(Af). 7 (2.13)

m
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H4 '
Qs o

A 2 da L 9/ =] o A =0 a 1
e (Af), uanuuuAIanTIly dumgidyaals 2 dygraniianudaesiuunnni

o g

o g a

Yo " ar 1 w 4 o T oas 1 [l 1 o
(Af), v 185 UnansznunnTesdygIuaany doimsdidyanainimsmusosdag i

¥ s 9 1 o s [ P 1 = 1 Qs 3 .
M (A),  "andesnduuuaIanvesdyungndseen vz ongesdynianiuiiges

1 Fd
AYIVUVUDIZVIANUD (frequency selective channel) FIMTUATAITNYo TRy 92 1d

]
s 1

a 3 = =y dy 1 19 =S 1 da d

ﬂgiuu’lmmmaaﬂ"lﬂuuummwmwauaawgumq UADT  (Af), UMIINNIUUUAIANYDY
v ¥V 1

Tyanandeon livzGonsesdyananiuigosdyaio 1101299900 (frequency  non-

selective)

6. () ¢ .(T)

msulasyiFos
4. (Ar)| +—— (1)

T
0 m

w— ) =
T

51 2.7 anudwiussening ¢,(Af) uaz ¢,(7)

a0 1192 Na15UININANTENUUBIN AN UL VDITYYIUABNITNOALUDT 10039509

Toanaldmunzdudyanaidesnsdeesnld W u() dudyaauauanuddiauya

" " ! ! o ) o
(cquivalent low-pass signal) fignaeoen llluvesdyaauazli U(f) vanadmyanm u()
A o usj o {5 as o 9/ § as
Tunpuanud duiudyapauouanuddauyavesdyyinnsuld (nsaindsiemndyaa

sunaY) eansouaaslumenvesdanlsluTamunm c(ro) uag u() 1dilu

o0
)= [e(Tiu@—T1)dT (2.14)

—a0

0 [ )
wioluflanduvesnnud C(f30) uaz U(f) Al

(v 8}
r0= [c(rinune ™ ar 2.15)

—00
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=) 1 o an v s <
fﬁuam:mqmﬁﬁaﬂﬂgfuuwms{’f@yammaa"lﬂwwaqﬁmﬂmwmi%mmaamm (@il ums
= =) g = @ 4 9 N

yoAIANINUENNAYA Mada novegaNeNWaAYALazd) Wad u(r) Adwdas1 1/T
A 3| [} o . . - o 91 [ ~
o 7 1uwanaveddya I (signal interval) 910ANN1TN (2.15) ﬂzmu”lmwmmgapﬂm
Y & a 9/ o o 1 " o 9w a
u.'ﬂﬁwummL’mwmﬁmﬂmaﬂym?amaﬁaﬂﬂmmﬂﬂu C(f:) wmladyam U(f) e

= Y 9 o' o iat 1 1 o' i a '
ANUEAMNEY D1 U(S) Buuuadan W auamnnnuuuaiannie  (Af), 1939

o VYo w A [} a 1 Qs i A
dyana U(S) glasuonivnouazmsinoumannsesdayainnien nunaengiuanud

YV 1
<) ~ a’ 1 1 1 L =

é 1 ar = z:? d' = -1 =)
FINTWUL UNVOITYYIUAINANINVDITYIULUUVIIZUIANND ﬂ’]?ﬂJWﬂLWUuWLﬂﬂﬁu’ﬂﬂ

=

4 A w o . Ao o nyd o '
PHANTIADN1TUUTAUVDINWLT ST (signal strength) mu"lﬂcwﬁﬂmwmsmwm
atl

O U

a W1 (fading)

o

s

" w ' A d 7o da o
HansznUvIrRIdyaMnednanunden ) (@) sziluieAduvesnuaian
YPIFYYIULAZE1NI19V0ITRYR I (signal duration) FI061UFU B UABNFIINI19VY
@ o

dyana 7 oldldidouly 7>> 7, ondn@eamsifamsunindoaszniudyanyel

i . Y Y o o o v d = Y
(inter symbol interference) HAINMUHAIANUDITYRMUWAT u() W W ~1/T vz 1A

w <<, =4, (2.16)

"
as

o o a 1 U o= g1 LY . 1
WuReuuualanvesdyann W fa1desniuuaInng 3l (coherent bandwidth) Y9304
Qs s qgj 3 1 a " ] o a ddy 3
doanang sedusziluvesdyanamuy linizesnnud dwmfunsdliiosntszaouna

42 . 5 o d 4 5
anuanudnanualy U(f) srgrasneuuaziinsdoudaimifouiulumsdiiiuges
(7] nl,v 1 o as g g 1 =Y
dyn Wunmeanuenlseneuvesdyanaminnamiodumain limunsognierson

o3| E a
woneeniluiinnaenuldmse W << (af),

A a a = ) as A a 3/ ]
LuﬂQﬂ’iﬂ@@ﬂﬂ'ﬁi’ﬂﬂﬂ"uﬂﬂﬁfgiy‘lmmll’ﬁnﬂﬁa']ULﬁuV]'NﬁluﬁﬁUiU']mﬁﬂSﬂqﬂﬂzqﬂ\lﬁuﬂﬁﬂ

o o

9/ 1 o

(Y] 9 A o o ] P =Y a1 w 1
upnoanannu lalonuudlianvosdyana 7 IAnioenmuuaIans iy (Af), veerod

[ [}

9ed @ =] s A a 1 kY ~ £
u“lﬂmmmiu%zﬂﬁmgxﬂuﬁmﬁmmmﬂumamumumamﬁﬂmwmmu

o o

dyann deyanadn
=3 v @ w A o ¥ @ A = ] ] a
MAAY  ua lunenaunuiioni v W >>(Af), HuADT LY TR ULULIIZIIANUD
} & ¢ o A o oo <
maolditoulufiesnlsgnevvesdyanainmomdunadudynansy Idaunsadsngdu
=1 s 1 ot 9w 1 9/ 3 =} = ] A L
wAvedya IMAeg Ny Mdyanaluurasdumaiuinanlssiannnmvionnny 1/
v 9
fuiuresduanauuizaanuddmusaiiaes I uresdyananuumenisdizia
(AUVYAABLYN (tapped delay line) lasduilszansvoaazyaaouanilsdumunaing

ueraaaegili 2.8
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s(t) 1w {1/ [-mmmmmmmm e mm e \w

L
r(t)= ch (t)s(t — &/ W)
k=1

5N 2.8 vuvdmesmemslszianuuuadeusnYeITeI T Y INLVLIZIIA NN

& A
2.3 WN§1H‘U9Q‘53UUI’0!B‘N9}!6‘N
Y =] o a g T s ”
msdaamanaiuy TotewWalay (OFDM: Orthogonal Frequency Division Multiplexing)
d a o a d da Y  w v a d v P
L']JHW]’F]‘Hﬂﬂ']'iEJT,W]L"INﬂﬂ“])’"lr"lﬂfﬂUﬂUﬂ'l'ﬂJﬂWLWﬁﬂ“]J’LE']JULﬂJ\'I‘U'Nﬂ'J']Mﬂ (FDM: Frequency
R . . A a g 3 :vg v A a 4 r '
Division Multlplexmg) TﬂUWi%UUI@L@‘NﬂLBMUH“‘U%i%WHﬂ“IU‘\JE]QﬂWiﬂJﬂG]LWﬂﬂ“]}LL‘U“ULL‘]JQED"N
Aad o 9/ ~ 1 [l 9 1 1 ] 1 =) o 2 d
ﬂ')’liJﬂﬂ‘l‘]']cl'}’ifT'liJ']‘iﬂV]ﬂ%ﬁ\ﬂ‘UTJﬁ'l‘ikLﬂﬁﬁ'IEJ‘UTZI?f'liulﬂcluslf@\iﬁfuufy'fmsﬁﬂ\uﬂU')ﬂ’l«[“lf\uﬂuﬂ']i
IFgmuanud ldeeaiilszansam
w 1 v A [~ 4 1 1 i @ (] 1 e
WJ'EJEJN'?J@Q‘E&“LI’Uﬂ'l?3JﬂG’]L‘Wﬂﬂ%LLUULLUQ‘B?Qﬂ?TNEﬁi%ﬂH LU ﬂ']'iﬁﬂﬁigfg'lm"ll@ﬂ
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® 1100 ® 1101 @ 1111 ® 1110
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£ |
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Digital Up Converter
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2.3.9 ms@alaslud (Synchronization)
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7]
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Y(k) = H(k)a(k)+ N(k) (2.19)
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Y(k) Aedyanuniula
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A o i o
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(Channel Frequency Response) lavtadrenuerunisn (2.20)

0]

k) (2.20)

H(k) =

VINAUNITN (2.20) e H(k) Aemspouauesnnudyesdyanahldnnms

] 3 0]
Uszmnaa lunsaliidsimnndyanasuniuivezainsanosimsdsznudi Idediegn

IS

) ' A Y Y o g o q ¥ A Y
mumiummw ﬁ}’lfwmiﬂﬂjuﬂnlﬂﬂ'}ﬂuuﬂ@’]ﬁ]§J$'Vl’l{'],‘1’iﬂ”]'§ﬂ‘§$1ﬂﬂ‘!ﬂ1Nﬂwa']ﬂllﬂ

L. T
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Tuga 2.19 uaawwuimesns hlvesdygrunfanisiamounazlidyaiasunivauaie
[ Y] @ W o Y [~ @ =y [~{ w
AmveImstsussaudynin dmualv x(m) dudyanuauwn r(n)Wudygrasuniu
A Y o) [ AN Y w1 T s v o d 1 ar
ndmn ez y(m)iudyarun landasusesdyans Taeanuduiutvesryesdaya i

= s o

YawaUNN LasdyY e IMYN Asouaad ldnuaumsi (2.21)

€

Noise n(m)

RES— Equaliz -
istortion qualizer X (m)

x(m) H(f) y(m)
o R t H () : >
/ f

1 X E
gUf 2.19 uuuHassvesdyaraiinansiadoutaziidyanusuniu

o o

s

aEMsUTUTEAL T

o o

y(m) = hlx(m)]+ n(m) (2.21)

"
Qs

P o & 1 s Ao csy ) 1 @ ~ ~
dlatlandu A Aevesdaanaiidaiion lunaq lilmsaeuaussresdynmslinislaon
% 4 1 o S . Ed o Y1 o ~
11)a9muaT (time-varying) tag LidluFudy (non-linear) usIiIMUa Yo dawins
WasuuaInunanad1adn (slowly time-varying) 210U (2.21) sxenunsaen vy 1d

ANANAITN (2.22)

y(m)= i h, (m)x(m—k)+ n(m) (222}
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d,:l A s =y cx‘ s s n:iI 1 ar o LY
e i, (m) AeANIEANTV09999INTDUUY FIR DUAUN P U09909 YUYW TMTULUY
Saesvesdyaun uimsalasuulasmunar i (n) = A, MAaumsi (2.22) asamey

aums Ifegluunuaid 1di

Y(f)=X(NIH)+N(S) (2.23)

=

ilo Y(f) fie aulansuvesdyanauninn X (/) fe anlansuvesdaanuduwn H(f)

o q

Ao MInoUTUBIUIrRITYa M taz N(f) fAp sulaasuvesdyanasunivitim dus

ARINDNYDIT YR IUTUNIUDIALAANAABNTRUIINEUNTN (2.23) 22 1A
In|Y(f)=In| X(f)|+In| H(f)| (2.24)

A ° o 9 9 [~ 1 = l:ly 1
NTUNIT (2.24) LiJ’t)“V'I"Ifﬂ'il‘ﬂ‘ﬂﬁ@ﬂ'!'i‘V]llﬁ]’]U]flJLm']ﬁ]glﬂu’]TﬂWENﬂLWUu%ﬂﬂﬂiﬂﬂ

dyanaunmenyed In| H(f)|

2.4.1 Myl5uszavdyaIungannf (Ideal Equalization)
a @ v W @ = @ Y] o
TunmegaundvosmslSuszaudyain msgdyaaaunauandygmo My
PoIdyRIn IuunUANUDAIUNAUVDINSAOUAUBIDIT AU NDAURATIITOIoU A

MUTUNIT (2.25)

HOIT™ (f) =1 (2.25)
Tueums @.25) H™(f) unudaunduvesnisasuauesnuavessesdaygisdmiums
Usvszavdyanalunagavadis v B () = H'(f) nioluunuaenifvz@oulny
Wil 2" () =-mH(f) Tugdiallvesaums 2.25) awnsofideulioglugilvos

Z-transform uli?ljl,‘ﬂu
H(EH™(2)=2z" (2.26)

o [ {1 o ' ) 1 a I

dwsufiaidmd N uuaned Iisesdyananaioiunszuiums causal InauA1s (2.25)

§ o . v W o

Lﬁ'amﬂﬁzmumi IFT (Inverse Fourier Transform) i]zklgljﬂﬂmﬁllwu‘ﬁ‘luLLUUﬂBuhQ%’u
' [ = w  d 1 o o ! w

(convolution) TEMINMIADVAUDITYYIUDUNATVDIVRINYLIM {4, } NUAIUNAUVDING

s = w 1 as iny
ADUTUOITUYINDNNATUDITRITUN I (A" }

o g
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YRR, =B (2.27)

k

2 ~ o ) aq ¥ 14 v o
o §(7) Wuilandu Kronecker delta anu@lritomwnvessosdnyanalsirmnndyaiasy
d' o w o Qs '3 1 s 9 9] 1 1
A nmnsanimsdivssdudyaaemunvessosdyana y(m) 14 Taoldardau
Y [ = w o T @ inv & 9 '3 (=1 =
nduvIMIRRUANBI Ty NN adveTedyIn A" deezldemwniu f(m) aw

AUNTTN (2.28)

R(m) =3 B y(m—k)
k
=3 1" hx(m—k-j)
k i
= x(m=i)> W"h_, (2.28)
i k

Tunssiagaiovesaunts 2.28) Tdnnmsalfeudaunls i=k+; Tuussiaiiaes uazih

msaaumon dmiumsiivszaudyamlugauaailounuaums (2.27) asluaums

(2.28) 92 ldilu

x(m) = Z5(i)x(m —i)=x(m) (2.29)

e

2.4.2 anuRanmaveImsUsuszaudwanas (Equalization Error)

a o v @ { ! o Ay v
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NMsUTTEAUTM $(m) NUTYRIMBUNN X(m) MUENNT (2.30)

v(m) = x(m)—x(m)
Pl
= x(m)—Zh,"'”y(m—k) (2.30)
k=0

1]

4 AT - 1 ar 1 o | 1 aq Y S
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o3| a o W a w g o [ o

Wunsdivszaudyanlugaund muuwmmmﬁ UM x(m)  NAYYIUDINNN

yosresdyan y(m) lamuanns (2.31)

P-1
x(m)=>"n"y(m-k) (2.31)
k=0
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unuaums 2.31) aaluaunis 2.30) az1d

P-1 P=]

v(m) =Y h"y(m—k)- > A" y(m—k)

k=0

k=0
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=S i y(m—k) (232)
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musouaad ldauaunsn (2.33)

1
q)un(‘f) ZENO (233)
T’.®T r(t)=s(t)+n(t)

n{t)
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Amplitude pdf of power spectrum density pdf
A

!
/‘f”u

t o f

AL
Variance = power

A
y

Am’plitude
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- o 1 24 9 1 & [l s = .
szunTorewaon ludiuveuniosasdoyaimsdseyluglvosdyaraluus (Binary
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N-1
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v s

' o a A q’f 1 oA o
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. . i " 1 o ! o3| (=3
(Uniform distribution) Tua9 [0,277] wazdyanaluidazidunsszidlumsuonusanuuis 6a

s . . 5 o =3 o = X
(Rayleigh Distribution) IWJE3@111ﬁmuigﬂmils‘ﬁaﬂﬁﬁl‘ﬂuiLUﬁJmﬂ“ﬁIﬂLUUL“ﬁUﬂ (Exponential
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Dacayed) lag#l wamsnouauesdyaaduiaduoosdynin 4 (/) voivosdyanitoy

ﬁ"liJ’]ﬁOLLﬁﬂﬁhlﬁﬂ’lﬂJﬂNﬂTjﬁ (3.4)
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=Y p,e"sk-1,) (3.4)
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We P Asdwauvoudumaauvosdayaiel
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v, femwesmsdszdim ludunei p
0, faanimsasuuadhudumad p

1 o w v o {
p, Aemmasnuduinivoudunian p

A o = Y = & Y
NNAUNIT (3.4) Lllﬂ‘1’]'lﬂ?‘i!ﬂﬁﬂuclﬁﬁ}gﬁluuﬂuﬂ’J"IﬂJﬂTﬂEJﬂi%iJ'IJuﬂ']'i FFT “h’\i‘ﬂ&iulﬂﬁlﬂﬂ"lﬁﬁﬂﬂ
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auesnnudvesrsdgan A, (1) Fwaasldasaunsi (3.5)

2

H”(l) h (L’)C J2mnk! N
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N-1 P "
_ J —j2nnk! N
- Z ID,IJ "5(k T,u)

k=0 p=I

P N- i
_ j2unk/N
- pp 25(k T )@

p=1 k=0

L 0 2mn(k-7,)/ N

j —j2mn(k-t

=¥ D.E (3.5)
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1y mﬁﬁ&mmnm&ﬁmmé‘aadq Lﬁ"aﬁwmi’c’iemuﬂ}mﬁ'mmmuwﬁaﬁwmwmﬁq
oy “mufgwmiumuwmﬂuﬂ"lﬁLﬂuﬁmmmﬁummmwnum (AWGN) Madmin3edu
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Henio1 GI 0on wﬁ’a11wmfmzﬁmwmﬂmﬁ’muﬂunmmﬂmgﬂm“lﬁﬁué’r’rgmgmuumum i

] 3/ ¥
dganuniuldr () duaasldmuannish (3.6)
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(3.6)

A o w 1 2 @ a Y w 1
devhdyanm b, (1) TmunszuIums FFT (Fast Fourier Transform) deyanaih landariiu

o s 2 o Qs § ] A &
AszUIUMs FRT wdudggw R, () seiludyanaieguuununnud Fuma ldaim

qun1TN (3.7)

N-1
Bif) =) n f)e o

k=0
1

N-

Zb;. ([) —j2ankiN Zh ([) ~j2ank{N +an([)e~f27rr1klN
=0
-l

N-|
Za ([)elemi'/!\’ef,fZIrHHN lzzppe.fﬂpa(k -7 ?)efﬂm.'k/!\f
n !
=0 n=0 k=0 p=I
N-I _
4 ”;( (l)eajz,'mkh\'
k=0
i0 2ankiN
=g T Z £,e’ ”Zé(k z,)e 2N L N (1)

pl k=0

=4, )3 pyee D 4N, )

p=l1

=a,(DH, (1)+N(I)

(3.7)
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[ d' 9 a ] @ ar o Qs 3 = 9 A Qs El o s ol
l“U’]'ﬂﬂ"I'L!ﬂl?ﬁﬂl@ﬁﬁﬂlmeiulmﬁﬁﬁﬂ]ﬁﬂym ﬂﬁuuﬂ‘l’]'ﬁﬁﬂ’lulﬂﬁﬂ\i5Uﬂ$ﬂ@3'ﬂ"lﬂ15ﬂﬂLﬂ1ﬂuﬁlﬂ
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R(1) =R, ()

(3.8)
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E
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aguiuanaunsn 3.7) awld

R,(D) = a,(DH (D) + N, (D) (3.9)

nnaumsi 3.9) iife R(1) feduymadeyaiisuldludesdyaadenit i uaz N (1) Ao
FYIUTUNIUUULYIIVIN (AWGN)
TudmvosmalSuseaudyanalfiiduluununnud (Equalization in Frequency
Domain) ﬁyu”lu%%mmwﬁugmzmmsamzﬁﬂé’ﬁﬂUﬁ"tm'imsahmimuﬁummmﬁﬂf'm
Faara () Taotmualdmadwmiuidoya a0) Adwludydnualtomia
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A.() WRemeumsi (3.10)

n R (0
Ay =20) (3.10)
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Taofi  R,(0) AedaanansyldamamunissiuvesdydnuaiySieuda
a,(0) AodyanudoyandiludadnuaiSiouda

i) fp! Y = 1 [ 3 " {
Amuald H.()=H, deminevaussnnudvesesdynnaiyliimsfeunlasly

] o

€e ¢

1 1w a o s =t o
granavosnsasdgyaaly 1 dsadmsy (burst frame) A9rUINANNT (3.10) Won diTu

q, _£O (3.11)
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VNAUNITN (3.11) LHIMIMAIWNTVVBINTADUTUDIANUNVOITOITY I H

aaaaaluaunsi (3.12)

A = (3.12)
H

i

NnauMsn (3.12) e lddunavusinmsneuauoInuDUIToITyaIaIEaINIT0iNg

@ s

1fyszauduana i ldauauman 3.13)
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ay=R()-H' (3.13)

Zh-

ilelddyanmdoyn a,(7) udwahdyana a,() llimsauegane Iddoyauuuvuui

o U

& @ o ) & g o w d
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Y 1 oar 3

i 3/
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vuanelugili 3.4
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1
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I A
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s w oo
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_ N,;(0)
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3.2 IsmsdSuszaudaanadimnduaunniddiemsliezuadiviilames

o o == 9/ 9 A =\
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]
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Ysgnevvesdganasuniuoen uaziimsulasnau laonszuauns IFFT vlnmstseuna
ﬂ'1mimueruaqmm?immﬂﬁmﬁ'mmpm“lﬁmmmjué’nmm‘fu Fe3msiiuauoilsznon
10 2 dauiiddafe nsanesAlsznonvesdyanasunaLYIILIN tazdmsdonya

fmpavlvosflamas
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ar A w Y 1 v w d | = o 9/
vindaananiyld ludiuvesdyanyaiUSiomia (Preamble symbol) N5u'lALAY
= 9/ ' ~ 1 o g1 ~ &
asengldlumsmmmsaevauownnudvesresdyann [, Tavaumsi (3.11) &3
§ { o 3 =) 1 as @ a
MInouauDIANUDTeIdy M IdtusziumsaeuaueIn NN Ve TRIT AU LTTAA
a { o s [ ~
W5 uagidyausunundudyanasunuuuuYILIn (AWGN) ddluaumsn (3.14)
| o < [ 1 | 1 i g k4
Tasndyarasuniuivuvuanlusnunanziudyaasuuguiliaumaotugud (zero
4 ; A
mean random process) muﬁmagﬂlumau N,(0)/a,(0) Tugunmsn (3.14) uaglimMsanug
o
LAY (Gaussian distribution)
| i 1 1 1 o
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ar u,)‘ { ] =} ar 3 =<} ) 4
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o J o 9 Yy . a 1
wiminaeeRtlszneuvosdayanasUNIULLLYILIN 1A 1aelH35 curve-fitting HUDUARLA



41

an = o ¥ % o A
Amsnasellasanuaziull1dngansnanesndsenevvesdaanasuniuionisnses
Ao 1 ) {1 s
ANUAAINIU (low-pass filter) Tunisutlas FFT vosilesnsumsnouauesnnuiyosdya o

H. #ldnnlsgunani
o o w 3 o I @ 1
Amualinmisuas FRT 409d18Y (sequence) Taniumadansn ldvziailouduoglu
A o qu o @ 9 c:’ 9 o o w
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& 4 ' w = 7w =
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ueraalugin 3.5

|Qm|

Low Frequency » High Fréquency & ~ Low Frequency
I

-1 LR i L 1 L | ICEENE PR, |4 o IS | SSERU,| ORI I |
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64
Index m

o A {

7o o )
3.5 'E]\“Iﬂ‘ﬂﬁﬁﬂE]‘]J‘U'PJ\’i‘WQﬂ‘HL!Fﬂ'iﬁi’)ll’ﬁuaﬂﬂ'J']iJﬂ‘]f@\iﬁﬂJuiU'lmﬂllgfmﬂﬂ’liu‘ﬂﬁ\‘l EFT

2

=h.

31

s

i o 1 o
nstindenlsznoussrosdyanaume FyaNMTUNILIULUIILIN

ad



42

~ A Y a 1 o @ '
13U 3.5 wonaasTimuhesddsznevvesdyanasuniumuuvinanlu O, of
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puvdtaeanlslumssiaeuioniAiaussouzw0szUVLaaInsuaon laazunsylu
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g7 3.2 FalumsdiaeeszuueedeBeiunInsgIu IEEE 802.11a 1a¢ HiperLAN/2 [5-6] 4
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Qs s =4

5::‘uumﬁmuuud]uizuuﬂﬂﬁ’ﬁ'ugmma'c*r'qﬁﬂumpmxmuTamﬂﬁﬁwéammimdﬁaga
anusags Taolumsned 4.1 guwmﬂ&amﬁﬂymmmmmgm IEEE 802.11a Az
HiperLAN2 #sasdayanaluimnnud 52 GHz wazensafidsdeyafinnuiigege
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M3199 4.1 UANHAULVDINIATFIY IEEE 802.11a 140z HiperLAN/2 [5]

Standard IEEE 802.11a HiperLAN/2

Defined by IEEE (Institute of ETSI (the European

Electrical and Electronic Telecommunications

Engineers) Standards Institute)
Spectrum 5.2 GHz 5.2 GHz
Modulation Technique OFDM OFDM

Maximum Transmission Rate 54 Mbps 54 Mbps
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Parameter Value
Channel Spacing 20 MHz
Number of FFT point 64
Number of Sub-carriers 52

Carrier Spacing 312.5 kHz
Nominal Bandwidth 16.25 MHz
Effective Symbol Duration 3.2 uS
Guard Interval 800 nS

Modulation

BPSK, QPSK, 16-QAM, 64-QAM
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Parameter Value

Modulation (d =2) QPSK
Demodulation Coherent

Number of FFT point (N) 64

Number of Sub-carrier (M) 52

Allocated Frequency Bandwidth (W) 20 MHz

Sub-carrier Spacing (Af") 312.5kHz(W / N)
Nominal Bandwidth 16.56 MHz (M - Af)
Symbol Duration 4 uS (T, +71,)
Effective Symbol Duration (7} ) 3.2 uS (1/Af)
Guard Interval ( T; ) 800 nS

Transmission Rate(V) 26 Mbps (d-M /(T +T,))
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Two Path Model

Number of path 2

D/U (dB) 5dB, 10dB, 15 dB
Delay Spacing 50nS,100nS , 150nS

4 a o o 1 as o =
M9 4.5 MRV VLT MDITeId R MuULIsoaaas [S]

Channel | RMS delay spread | Characteristic Environment
A 50nS Rayleigh Fading Office NLOS
B 100 128 Rayleigh Fading Open Space/Office NLOS
C 150 nS Rayleigh Fading Large Open Space NLOS
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C/N = 15 dB, Two path Model, D/U = 5 dB, Delay Spacing = 50 nS
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C/N = 15 dB, Two path Model, D/U = 5 dB, Delay Spacing = 100 nS
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C/N = 15 dB, Rayleigh Fading Model (Channel A), Path = 6
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C/N = 15 dB, Rayleigh Fading Model (Channel C), Path = 6
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96****************************************************************************

% Equalization Method In Frequency Domain with Adaptive Filter

% for OFDM system in Multi-path Fading Environment

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

clear all

cle

m=2; %3Bit per symbol
W=20*10"6; %Bandwidth 20 Mhz
N=64; %FFT and [FFT point
M=52; %Number of Sub-carrier
df=W/M; %Sub-carrier spacing
Ts=1/df; %Time duration of M sub-carrier
Tg=0.25*Ts; %Gl duration time
Td=Ts+Tg; %O0OFDM Symbol duration
dt=Ts/N;

Ng=round(Tg/dt); %Number of GI

Nt=N+Ng;

Nf=10 %Number OFDM symbol per frame
Pamp=1; Y%Preamble Symbol Amplitude
cn=25; %~ Carrier to Noise ratio

cnfix=1

loop=10000; %Simulation Loop

keut=Ng/2 %PFilter parameter

kdi=3; %RMS Delay Spread 1 = 50 nS
model=6 %Switch Channel Model
CHEER=0;

phaseERRtotal=0;

for KLL=cnfix:en+1;
CN=KLL-1
CNI1(KLL)=CN;
error1=0;

CHEER=0;
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phaseERRtotal=0);
equaERRtotalx=0;
for LL=1:1loop;
96************************** (36H€HHG]D&H18)HHbOI 3k 3k s ke sk ok sk sk Sk sk sk sk ok ok ok sk ok ok sk sk ke sk ok ek sk ok skosk sk
y(1:Nf,1:M)=randint(Nf,M,4);
for i=1:Nf
for k=1:M
x(L,k)=y(i,k);
if x(i,k)==0, xt(i,k)=1+j;
elseif x(i,k)==1, xt(i,k)=1-j;
elseif x(i,k)==2, xt(i,k)=-1+j;
else xt(i,k)=-1-j;
end
end

end

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

gﬁ******************************** ANVCHQ(ECHCHnor*****************************
C=2;

No=C*(10.~(-(CN/10)));

WGN(L:NTE 1:Nt)=sqrt(No/2). *(randn(Nf,Nt)+j*randn(Nf,Nt)); %Gaussian Random

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

96********************************* Zﬂn)paddhﬂg ke sk sk ok e sk s ok ok ke sk sk sk sk sk sk sk sk ok ok e sk sk sk sk sk skosk sk sk ok
Nz=(N-M)/2;
zero_padding=zeros(1,Nz);
for k=1:Nf
xtt(k,1:N)=[zero padding xt(k,1:M) zero padding];

end

96****************************************************************************
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%************************ Multl-path fadmg Challl'lel Model 3k 3k ok sk ke ok ok ok stk ok ok Kok sk ok sk ok sk sk sk ok

it model==2 % Two path model

phl=randn(1,2); %random phase

setal=atan2(ph1(1),ph1(2));

phasel=exp(j*setal);

DU=5;

Lol1=10.(-(DU/20));

toh1=2; %Delay spacing 50 ns

for k=1:Nf
st(k, 1:N)=ifft(xtt(k, 1[:N)). *sqrt(N);
sttO(k,1:Nt)=[st(k,N-Ng+1:N) st(k,1:N)]; %ADD GI
stpl(k,1:Nt)=(Lol*phasel).*[WGN(k,1:tohl) stt(k,1:Nt-toh1)];

end

elseif model==6 %Rayleigh Fading Channel Model

Path=6;

di=50;

ds=50;

ratio=di/ds;

tau=1:Path;

PO = 1-exp(-1*ratio);

sigma = sqrt(PO*exp(-1*ratio*(tau-1)));

randl = randn(1,Path);

rand2 = randn(1,Path);

Rayleigh = rand1 + 1j*rand?2;

amplitude =sigma.*abs(Rayleigh)/sqrt(2);

phase = atan2(rand1,rand2);

h(1:Path)=amplitude.*exp(j*phase);

for k=1:Nf A
st(k, 1:N)=ifft(xtt(k,1:N)).*sqrt(N);
stt(k,1:Nt)=[st(k,N-Ng+1:N) st(k,1:N)];
sttO(k, 1:Nt)=h(1).*[st(k,N-Ng+1:N) st(k,1:N)];%[N-Ng+1 - BN B1-BN] add GI
stp1(k,1:Nt)=h(2).*[ WGN(k,1:kdi.*tau(1)) stt(k,1:Nt-kdi.*tau(1))];
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stp2(k,1:Nt)=h(3).*[ WGN(k,1:kdi.*tau(2)) stt(k,1:Nt-kdi.*tau(2))];

stp3(k,1:N1)=h(4).*[WGN(k,1:kdi.*tau(3)) stt(k,1:Nt-kdi.*tau(3))];

stpd(k,1:Nt)=h(5).*[ WGN(k,1:kdi.*tau(4)) stt(k,1:Nt-kdi.*tau(4))];

stp5(k,1:Nt)=h(6).*[ WGN(k, 1 :kdi.*tau(5)) stt(k,1:Nt-kdi.*tau(5))];
end

end

%****************************************************************************

%************* ok ok ke sk ok skok sk skok sk okok sk ok ok Rcceived Slgnal sk s 3k 3k e ke 3k Sk sk sk sk sk sk sk ok ok sk sk ok sk sk ok skok sk sk ok kok
if model==6
rt=sttO+stp L +stp2-+stp3-+stpd+stpS+WGN;
rt7=sttO+stp1+stp2+stp3+stpd+stpS;
elseif model==
rt=sttO+WGN+stp1;
rt7=sttO+stpl;

end

%****************************************************************************

U/O**************************** FFT process and remove Gl 3 ok sk ok sk sk ok sk ok ok sk sk ok sk sk sk sk sk sk skokok sk ok

for k=1:Nf
Reci(k,1:N)=fft(rt(k,Ng+1:Nt))./sqrt(N);

end

%****************************************************************************
%*********************************** Add on sk 2k e sk sk sk ok sk sk sk sk sk ok sk ok sk ok Sk sk ok sk sk sk sk sk ok sk sk ok ok ok ok sk ok
for k=1:Nf

Reci7(k,1:N)=fft(rt7(k,Ng+1:Nt))./sqrt(N);

end

H7(1:M)=Reci7(1,Nz+1:N-Nz)./xt(1,1:M);

%****************************************************************************
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%********************************** EquaIiZﬂtiOH e s s she st s Sk Sk S Sk Sk sk sk sk ok sk sk sk sl sk sk sk ok sk sk ok sk sk sk sk ok

H(1:M)=Reci(1,Nz+1:N-Nz)./xt(1,1:M); %channal estimation 1st
HI1(1:M)=fft(H(1:M))./sqrt(M); %channel estimation 2nd
Ht=HT1;

Hsort=sort(Ht);
MAX1=Hsort(M);
MAX2=Hsort(M-1);
Y%peak detector
for p=1:5
PMax=Ht(p);
if PMax==MAX1 ,break
end
end
PMAXI=p;
for p=(M-30):M
PMax=Ht(p);
if PMax==MAX2 ,break
end
end
PMAX2=p;
dp=M-PMAX2;
He=Ht;
He((PMAX1+kcut+1+dp):(PMAX2-kcut-1))=0;
H2(1:M)=ifft(He(1:M)).*sqrt(M);
for k=1:Nz
d(1.k)=1;
end
for k=1:Nf
Rest(k,1:N)=Reci(k,1:N)./[d H2(1:M) d];
end
for k=2:Nf;
Recil(k,1:M)=Reci(k,Nz+1:N-Nz);
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%Recie(l,1:M)=Recil(k,1:M)./H(1,1:M); %Conventional method
%Recie(k,1:M)=Recil(k,1:M); %non equalization
Recie(k,1:M)=Recil (k,1:M)./H2(1:M); %Proposed method

end

%****************************************************************************

%**************************** QPSK Demodulation sk 2k sk ok ok ke ok ok ke ok sk sk sk sk ok ke sk sk sk sk sk sk sk sk sk skoskockeskok

for k=2:Nf

for i=1:M
Recix=real(Recie(k,i));
Reciy=imag(Recie(k,i));
if Recix>=0 & Reciy>=0, Rdata(k,i)=0;
elseif Recix>=0 & Reciy<0, Rdata(k,i)=1;
elseif Recix<0 & Reciy>=0, Rdata(k,i)=2;
else Rdata(k,i)=3;
end

end

end

%****************************************************************************

BER=biterr(x(2:Nf,1:M) , Rdata(2:Nf,1:M));
errorl=BER+errorl;
difERR=mean(xt(2:Nf,1:M)-Recie(2:Nf,1:M));
equaERR=sqrt(mean((difERR.*conj(difERR))));
phaseest(1:M)=angle(H2);
phasecon(1:M)=angle(H7);
%degest(1:M)=phaseest(1:M).*(180/pi);
phaseERR=sqrt(mean(((phasecon-phaseest)).”2));
CEER=sqrt(mean((H7-H2).*conj(H7-H2)));
phaseERRtotal=phaseERRtotal+phaseERR;
CHEER=CEER-+CHEER;
cquaERRtotalx=cquaERRtotalx+equaERR,;

end
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equaERRtotal(KLL)=equaERRtotalx/LL;

PHASEerr(KLL)=phaseERRtotal/LL;

EER(KLL)=CHEER/LL; %RMS Channel Estimation Error
ber(KLL)=errorl/(M*(Nf-1)*¥2*[.L); %DBit Error Rate

%****************************************************************************

end
Ofp R H KA ARRI KA KA KA A AR KA KRR R X AR k% Bry| O Program *FF+++Hk Kbk addok bk kA kKK
figure(3)
semilogy(CN1(1:ecn+1),ber(1:cn+1));
ylabel('Bit Error Rate')
xlabel('C/N[dB]")
erid on;
figure(5)
plot(Recie(2:Nf,1:M),'x");
figure(6)
plot(Recil(2:Nf,1:M),'x");
figure(2)
plot(abs(H2(1:M)));
xlabel('"Estimation Channel')
grid on
figure(4)
plot(abs(H(1:M)));
grid on;%hold on
figure(15)
plot(abs(H17(1:M)));
xlabel('Ideal Channel’)
grid on
figure(16)
plot(abs(H1(1:M)));
xlabel('Index m')
figure(17)
plot(abs(He(1:M)));



xlabel('Index m")
grid on;%hold on
figure(18)
plot(CN1(1:en+1),EER(1:cn+1));
xlabel('C/N[dB]")
ylabel(RMS Channel Estimation Error')
figure(19)
plot(CN1(1:cn+1),PHASEerr(1:cn+1));
xlabel('C/N[dB]")
ylabel('RMS Phase Error{radian]')
figure(20)
plot(abs(xtt(2,1:N)));
grid on
figure(21)
plot(abs(Reci(2,1:N)));
grid on
figure(22)
plot(abs(Rest(2,1:N)));
grid on
figure(100)
%subplot(2,1,1)
plot(CNI1(1:cn+1),equaERRtotal(1:cn+1))
figure(101)
%subplot(2,1,2)
plot(CN1(1:cn+1),(angle(equaERRtotal)))
figure(102)
subplot(4,1,1)
plot((angle(xt(2,1:M))).*180/pi,’k-0")
ylabel('Original Phase [degree]')
grid on
subplot(4,1,2)
plot((angle(Recil(2,1:M))).*180/pi,'k-0')
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ylabel('Received Phase [degree]')

grid on

subplot(4,1,3)

plot((angle(Recie(2,1:M))).*180/pi,'’k-0")

ylabel('Equalized Phase [degree]')

grid on

subplot(4,1,4)
plot(((angle(xt(2,1:M))-angle(Recie(2,1:M))).*180/pi),’k-0")
ylabel('Phase Error [degree]')

grid on

%***************************************************************************
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Performance Analysis of Burst Mode OFDM-QPSK System
in Multi-Path Fading Channel

S. Dachporn* T. Pattanatadapong* H. K’obaymhi** and T. Paungma*

*Department of Telecommunication Engineering
Faculty of Engineering and Research Center for
Communication and Information Technology
King Mongkut’s Institute of Technology Ladkrabang

Abstract

This paper presents the performance analysis for
orthogonal frequency division mulitiplexing (OFDM)
systems with quadrature phase shift keying (QPSK)
madulation method that are operating in the burst mode
under multi-path fading environment. The analysis results
are shown in the bit error rate (BER) performance with
and without frequency domain equalization method under
the different multi-path fading environments. This paper
presents various computer simulation results to evaluate
the BER performance for the burst mode OFDM
Iransmission technique under the different operation
conditions.

1. Introduction

In the near future, the current demands for the wireless
communication services such as mobile telephone and
wireless local area network (WLAN) will be changed to
the mobile multimedia services and the higher speed
WLAN services. The problem to be faced in the
realization of the higher data rate transmission over radio
channel is Inter-Symbol Interference (ISI) occurring due
to the multi-path fading, which causes the severe
degradation of bit error rate performance. The OFDM
(Urthogonal ~ Frequency  Division Multiplexing)
transmission technique is considered ‘as one of the
promising techniques which can solve this problem
because of its potential features for the robustness against
multi-path fading and the efficient usage of frequency
bandwidth..

The OFDM method is to split a high data rate data
streams into a number of lower rate stream that are
transmitted simultaneously over a number of sub-carriers.
The increase of symbol duration as the result of parallel
sub-carrier transmission with lower data rate can decrease
the ISI due to the multi-path fading. Although the OFDM

" system can achieve the better performance under the
multi-path fading environments as compared with a
conventional single carrier transmission technique, the
BER performance would be fluctuated over wide range
due to the instantaneous channel response for each sub-

Bangkok, 10520, Thailand Tel./Fax +662-3264240
E-mail: mobile@kmitl.ac.th
**Department of Electrical and Electronic Engineering
Mie University, Japan

carrier. It is well known that the coherent demodulation in
conjunction with the frequency -demain equalization
method for the burst mode OFDM: signal can improve the
BER performance relatively,

This paper presents performance analysis for the burst
mode OFDM signal with and without frequency domain
equalization method when changing the multj-path fading
conditions on the basis of computer simulation results..

2. System Model and Assumptions

This section presents the system model including the
structures of transmitter and receiver, the burst frame
format and multi-path fading model assumed in the
following analysis, o

2.1 Structure of Burst Frante Format o

Figure 1 shows the structure of burst frame ‘P&muused in
the following evaluation. In Fig. 1, one preamble symbol
is inserted before the transmission of L data symbols fro
the synchronization of the received burst mode OFDM
signal both for the symbol timing detection and
estimation of carrier frequency offset and the estimation
of channel frequency response. Each symbol includes the
guard interval (GI) so as to avoid the inter-symbol-
interference (ISI) under the multi-path fading
environments.

—— . BuntFrame -
Preamb Dat Daia . Dunn
G'] freey G‘lg,m\,:n |‘5‘[5ymboaz| ___Ic'jlsymlnll.
Preamble L Dama 8
4 Gmbal PTE— T ol

hu-ug by by

Figure 1. Structure of Burst Frame Format in Time
Domain
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2.2 Transmitter

Figure 2 shows the block diagram of transmitter and
receiver for the OFDM system to be evaluated in. the
following. In Fig. 2, the serial information data’in binary
data is converted to the parallél data, and modulated by
QPSK modulation” methiod. The modulated data can be
given by the following equation,

“{.l = x.u + iyu (1)
=012, M1
1=812,.,L+1 ;

where x and y show the real and imaginary data in the
QPSK modulated data, respectively. M and L show the
number of sub-carriers and the number of data symbols,
respectively.

Then the frequency domain signal given by Eq. (1) is
converted to the time domain signal as shown in the
following equation by using IFFT.

N=1

o ’ SN
by = D0, @

where N is the number of IFFT points. The time domain
signal is then converted from the parallel to serial data
sequence and add the GI so as to compensate the ISI due
to the multi-path fading and transmitted to the channel.

i e ——

Receiver

Figure 2. Block diagram of OFDM-QPSK system
2.3 Channel model

Assume the channel to be a Multi-path fading channel.
Figure 3 shows the multi-path fading model with 6
reflected wave Rayleigh fading. The impulse response of
- multi-path fading model is assumed to be composed of 6
delayed signals with a uniformly distributed random
phase and a Rayleigh distributed magnitude whose
average power is exponentially decayed as shown in
figure 3.

2| Procsedings - 2002 International * Symposium
> o on...Camimunication and Information: Technology

. The channel frequency response corrupted by the
multi-path fading for i th sub-channel can be expressed by
the following equation.

s

F
n, =Zp.¢ﬁ_‘-;:unu—t,)m o)

m=l

where P is the number of reflected waves in the received
signal, T, 0, and p,, are delay, phase and amplitude for
the m th reflected wave, respectively.

E & Delay Spread (r.m.s.) = 100nS
2 5
— b a
g 2 8 .
5 o
:% Iy
) . o 5
: oy
£ H 88
S G ¢
>4
0 130 260 390 520 650
Relative Delay (nS)

Figure 3. Multi-path fading model
2.4 Receiver

As for the receiver shown in Fig, 2, the guard interval is
first removed from the received OFDM-QPSK signal in
the time domain after establishment of symbol timing
detection. Then the signal is converted from the time to
frequency domains by FFT of which signal is given by
the following equation '

n,Ta 0N, 4

where r

. and - are the reccived data signal and the
noise component at the { th sub-channel, respectively.

By using Eq. (4) and the fact that the first symbol is
the known preamble symbol at the receiver, the channel
frequency response for the / th sub-carrier can be

estimated by using the following equation.

A= 6]
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By using Eq.(5), the received data symbols followed to
the first preamble symbol can be equalized in the
frequency domain by the following equation,

(6)

3. Performance Evaluation

This section presents computer simulation results to
verify the performances of the OFDM system as shown in
Fig. 2. Table 1 shows the parameters used in the
following computer simulation.

Table 1. Parameter used in Computer Simulation,

L

Parameter Value
Modulation QPSK
Demodulation Coherent
Number of FFT point (N) 256
Number of Sub-carrier (M) 168
Allocated Frequency Bandwidth (W) | 5 MHz
Symbol Duration 36.08 ps
Effective Symbol Duration (Ts) 32.8 ps
Guard Interval (Tg) 3.28 us
Transmission Rate 9.1 Mbps
Sub-carrier Spacing 29.76 kHz
Multi-path Fading Model

Delay Profile g Exponential
Number of path 6

RMS Delay Spread 100 ns
Delay Spacing 130 ns

Figure 4 shows the computer simulation results on the
channel frequency response in the multi-path fading
channel at C/N is 20dB. Figure 4 also shows the channel
response given by Eq. (3), which corresponds to the noise
free case. From the figure, it can be observed that the
channel response can be estimated precisely by using Eq.
(5). Figure 5 shows the bit error rate performance versus
C/N under the AWGN and multi-path fading with 6
reflected waves. The figute also shows the performances
with and without the frequency equalization method
under the multi-path fading condition. From Fig. 5, it can
be seen that the frequency domain equalization method
can achieve the better performance over that without
equalization,

1.2

0.3

Amplitude of Channel Response

0.6
0.4 —— With AWGN(Eq. 5)
O Mon AWGN(Eq. 3)

0.2 =
o 50 100 150

Sub-Carriar Numbar

Figure 4. Estimated channel frequency response.

AWGN Channel A
3
107¢ Muttl-path Fading Charel

—— Idenl QPSK

10 0 AWGH
-»— Equalixation
—oa— Non Equalization

0 5 . 10 1s 20
C/N (dB)

Bit Error Rate

Figure 5. Bit error rate performance under the AWGN and
multi-path fading environments.

Q-Channal

I-Channal

Figure 6. Scatter Diagram of QPSK OFDM Without
Equalization at C/N = 20 dB

Figures 6 and 7-show the scatter diagram: of OFDM-
QPSK signal with and without equalization method,
respectively under the multi-path fading with 6 reflected

- waves at C/N 20 dB. From these figures, it can be seen

that the equalization technique can keep the coherent
demodulation during the one burst frame period.

Proceedings 2002 International Symposium
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Q-Channal

I-Channel

Figure 7. Scatter Diagram of QPSK OFDM With
Equalization at C/N = 20 dB
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Figure 8. Bit error rate performance with equalization
when changing the number of reflected waves.
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Figure 9. Bit error rate performance without equalization
when changing the number of reflected waves.

Figures 8 and 9 show the bit error rate performance
with and without equalization, respectively when
changing the multi-path fading conditions where the
number of reflected waves are changed to 2, 4 and 6,

Proceedings 2002 international Symposium
- on Communication and Information Technology

respectively. From these figures,it can be observed that
the performance is degraded as increasing the number of
reflected waves.

4, Conclusions

This paper presents the performance analysis of OFDM
system with QPSK modulation methed which is operating
in burst mode under the AWGN and multi-path fading
environments. The computer simulation results show that
the equalization method is essential to achieve the better
bit error rate performance under the multi-path fading
environments. It is also’ concluded that the bit error rate
performance is degraded as increasing the number of
reflected waves even employing the equalization method.
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Performance Analysis of QPSK-OFDM System Operating in the Burst Mode

via Multi-path Fading Channel
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Abstract

The performance analysis of quadrature phase shift keying -
orthogonal frequency division multiplexing (QPSK-OFDM) system that
operating in Burst-Mode over multi-path fading are presented in this
paper. The bit error rate (BER) over various carrier to noise ratio(C/N)
of Burst Mode OFDM receiver with Frequency Domain Equalization
method and without Equalization are show in the result. By using
computer sin;ulaﬁon, the result of performance analysis show that
Burst-Mode-OFDM with equalization over multi-path fading have the
better BER than with without equalization.

Keyword: QPSK-OFDM, Multi-path Fading, Frequency Domain
Equalization Method and Burst Mode
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Parameter Value
Modulation QPSK.
Demodulation Coherent
Number of FFT point (N) 256
Number of Sub-carrier (M) 168
Allocated Frequency Bandwidth (W) 5 MHz
Symbo! Duration 36.08 Lis
Effective Symbol Duration (Ts) 32.8 Us

[ Guard Interval (Tg) 3.28 s
Transmission Rate 9.1 Mbps
Sub-carrier Spacing 29.76 kHz
Multi-path Fading Model
Delay Profile Exponential
Number of path 6
RMS Delay Spread 100 ns
Delay Spacing 130 ns

i 4 wrnamsnBouifoussfuveadyguunaninaui
WinafiamadiuiszRudynio fiedoedui Tildmaiamsiy
vissdudygn unssRudyg e hmagaund defmua oN
ui1fy 20 4B unsdggnnd a6 duma Fueaiiitu iy
diodusosdygruuuiadninags dygrafindosives
1J1=ﬂomi"mn1mumﬂqwmﬁﬂﬁ'num:nﬁuﬁm=1h1ﬁ'ﬂs=n'1:

Fygradanuusunnndiitindeds unzrnIveady g

o w - d 4 w 1 ' 5
dnunzind iz Ifszdudyginiieoesuitadindiszdy

dygndindeads dedimsyfuoissfudygsnsilissdy

m-nJ1:1;#3u1n11n1¢":mn1w1ﬂﬁ‘1 adof 25 (EECON-25) 21 - 22 #OAIn1um 2545 AMAINENAUAITATHAIUNT

77

104

=
@)



dynnuludassosdygndecilssaudygiolndfioadu Fad

. - w - & ]
dnuuzitdnfusgAuFygiumadniniaadte

. Hdest
Non-squalizatisn

- Equatinatlon
signal

Amplituds
"
fn

1

i

o510 Padding 12 Paduing]

FPY Paint & 284 y
Sub-channel = 168 i
’ l Channsl = & path Ravialah Fuding
.

230

100 150
Number of FFT

200

. ]

1104 4 sedudyannvounieaduiinmlium

u

s lifinrliuirzduiyon

Bit Errer Rate
-
a

1deal QPSK
=&~ Equalization
—g— Non-equalizstisn

19LE s . 1
o 5 10 20
CJn (én)
o o - oW i 901 &
1l s dananulaiaiatadoymied mualilidyno 2:1dun
10’
i
10"
§10”
£
H
) ]
10’
—a— Enuaircation PN PEonE g
—f= Nan-aqualization { ¢
1oL T . i
[] s 14 15 20
N (dB)

A - i =
U7 6 danmrmiammeiiadoyaiedmualildyau 6 1duma

A Y o -
Eﬂ'ﬂ 5 UL 6 LTALTNITOUTOHI 'Lﬂ'}I'IMHﬂWﬂ'mUﬂ'ﬁtlliﬂilﬁ‘l

o A &
szuu nwldgnanadpumniadwindadssddynniim 2

uae 6 @un amddy Mranshneagaaliiiuiniesiuii

msdFueihissaudyanalumusnuddoyssouzsasnnia
a - oo w oA n O o w

saadadoyaidnduimfoududio hilomlfuhisduiygo

4. vnargd

mmiidnsiinT e mssougsuy oFM
Winatinmnlfumssdudgonuluuounmimdnendosiy f
mmasagandoyauun grsk TasdnsianTugouuves Burst
Mode VutpsdyguuTndmnmais wait ldnnsiaesszindae
o aaefunas i fsimasmissousAntudohm s unin sdy
woadyy AU IRFR S o S vuiouiuindoadud W §imadin
nuﬂfm:ﬁuﬁmﬂﬂmlﬁzﬂuﬁmﬁmmmmnl 2 idume une 6 (du
MY NINHRMITTIA0IMI T IveaTEI OFDM R l#malinntsiy
mssdudygiomaaslififud maiinmnlfuisedudogie
mmm*ﬁﬂﬁ’dizﬁnimwumsﬂ|113\'5u"lﬁ':¥a1inqﬁ'rgtu1mﬁﬁjmmu
2 (@umanne 6 1fun

5. 1oner9e9H

(1] R. Van Nee and R. Prasud. OFDM for Wireless Mudtinedia
Connnsnications, Avech [House Publishers, 2000,

[2] Andreas ¥. Molisch, Wideband Wiveless Digital Comnnication.
Prentice Hall TR, 2000,

[3] H. Kobayashi. “A Novel Coherent Demodulution for M-QAM
OFDM Signal Operating tn the Bwist Mode,” /IEEE VTC'2000
Boston, Sep. 2000, pp. 1387-1391.

[4] $.Dachpomn. I .Pattanatadapong, M Sukkasem and T.Paungma,
“Performance Analysis of OFDM Operating in Burst Mode via
Multi-Path Fading Channel,” The 27" Asian Info-Contmunications
Council Conference, Doc.67. 20-24 May 2002, Chiangrai.
Thailand.

[5] Jae Kyoung Moon and Song In Choi, “Pertormance of channcl
cstimation method for OFDM systems in multipath fading
channel " JEEE Trausactions on Coustuner Electronic, Vol, 46, No,

1, Feb. 2000, pp, 161-170.

a aw o - i -t
finidn wwws duionisinnseinSynes
() awarngas nsaung ananidu
maluTaduizeounaudiguauisaianiziia

W.F.2543

togtuddefinunluseduyTyann

I sy Insauaayg Aroiuuadoaiu

- a & -~ w
madssaigamsnedaanirainih AToM 25 (EECON-25) 21-22 WOADNUW 2545 aMInEAUANAUATUNT

78

105



i @mle: Tnnod dudemsdnursfudiywmd

| (0.5 sgAlSyanin (ME) wnsveduliyon
10N (DrE) MM 13N0780 Tohokn Uszmediy

WA 2518, WAL 2520 UAE WA, 2522 annidy Tu

|

= - 3
nit, 2520 1@ian3dodl koD moafuszuumsdemsateon
vuaTRoaunitazsiuuedond e we 2531 f owe,
2533 Wi lunmienissuy INMARSAT Toyiiudissdunnis
-~ e »

o A o o 3
Maas1915d Mndnode MIE Yszmadiu awidohinedpani

AumsPemsniaui unzTE WLAN

ayy qunwn SadimsAnnssdunTyn el
(B.Eng) uazizdutliomiin (M.Eng) win
wnvinerdolaln Ussmedly we. 2511 woe

* WA2516  Muddy Hagiud siunnia
mannd Ussimededrans s insannay pusirnim
mund uasilufuauvostenl{iansdiens domnndouil
fninifomrdomasazmnTilamsmune aomiuma lulodns
soundidunnsaiansed oo mads oy

Tosiol, mseennuszuyTasa s Tnsmnnay wozmalulad

ISDN

ou fan AudomsdauszdinSeyaed ()
S | 0vUSoTn () winamguma ol
wundrinunmsmanszin uozligguen
(D.Eng.) M inerduTa'ln dsemediiu Tl
WAL 2521, WY 2524 une LA, 2538 addy Tegtiumsaiiumia
5091051913 65z madedmans sy Insmnay ausdeonssy

o 4 A d o, o oa
meai nazhatanin fidinsisonsdomantoud dninddoms

domsnazmaTuTabmsmumn soufumatnTainssoomndud

fuamisannzde andividoademadiusguy Inadd,

innTuTa8 ISDN iagszmsdnmnaiouitiig

a - E| % - -~ 3
n'mJitqmﬁ'ln’\'swlmmn‘sw"lﬂ% A% 25 (EECON-25} 21 - 22 wAinuw 2545 avinsauaouaiwaswng

79

106



107

HNANUHIN .

J

= d‘. Yaos = a
HAUNIOIFIMIN A5 UMIATUN

S. Dachporn, T. Pattanatadapong, H. Kobayashi and T. Paungma, “Performance Analysis
of Burst Mode OFDM-QPSK System in Multi-Path Fading Channel,” International
Symposium on Communication and Information Technology (ISCIT’2002), pp. 37-40,
Pattaya, Thailand, Oct 23-25, 2002,

ansdy wwns  Galor Tmnd  wyw qunuy uazoda won, “msinne
ANITOULVOUTLUY QPSK-OFDM iy Burst Mode VUYDITYYIUTAANIE
wlafe® mavssgdnmsmadmnssuinih asif 25 EECON-25) madsdranssu v
W awgdmnssumans umInodoaaraiuniuns sandaasvar wih 7579 21-22
WOADN Y 2545

S. Dachporn, T. Pattanatadapong, M. Sukkasem and T. Paungma, “Performance Analysis
of OFDM Operating in Burst Mode via Multi-Path Fading Channel,” The 27" AIC

Conference, Doc. 67, Chiangrai, Thailand, May 20-24 ,2002.



108
U5 Iai1ve

wedAnTHy inams RadloTuf 22 fguou wat. 2520 fisanangummamuns d15e
msnlSygnaiinnssumansiaudia mundmnssyInsauiay mnnaSeSmnsy
Insauuan Anednnssumans amuuma lulatwszeoundudnammsaianszaia il
MsfnkT 2543 wnzidhinedeluszdulyanTn wéngasSmnssumaasumtasia @
AT Insaunay maimnIsansiuInsaunng ausdmnssumand ao1fumalulad
wszvounduiganmaansede Tudlmsnu 2544 Taelud] wer. 2544 18T haly
Sumiadmhfiszuunuaeniuned assimnssumans anniuma Tulagwszveunm
Wigummsaanszile wazlutdorduldidmhouludumisiininiss sssntes
Ufidns msdoarsindensi (Mobile Communication Lab) dniniiumisdeaisuay

ma TuTademsaume (ReCCIT) dn1ifumaTuTadwszaoundudnammsaiansela



