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ABSTRACT

This thesis presents the study on performance of STBC and SFBC over frequency
selective fading channel for broadband communication. This system refers to [EEE 802.16-2004
standard which is the broadband wireless access (BWA) using OFDM (Orthogonal frequency
division multiplexing) technique to increase the data rate and reduce bandwidth. The performance
comparisons of STBC-OFDM and SFBC-OFDM over the different channels that are frequency
selective fading channel and quasi-static flat fading channel are evaluated. The performance of
STBC-OFDM is better than SFBC-OFDM over quasi-static flat fading channel. In contrast, the
performance of SFBC-OFDM is greater than STBC-OFDM over frequency selective fading
channel. Moreover, the channel coding that is convolution code and Reed Solomon is applied to

improve the performance of the system.
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a3 ud U IUADTYYIUIUNIU (Signal to Noise Ratio) SNR
msudnnuAanain 14919t (Forward error coding) FEC
[10F] Whsva (Reed Solomon) RS
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s1IMIMdonasdyanyal (Av)

e

msutaaAmaAngn1eInuRNAIRIN (Orthogonal frequency division multiplexing) ~ OFDM

v ¥

1T oA -] o i e e . .
113 ihilamsuyaiafmandniannuanamin (Orthogonal frequency division multiplexing

access) OFDMA
mmaqmmmuﬂmmu"lum’%’ (Binary Phase Shift Keying) BPSK
miuaﬂmﬂmmﬂmmuma{msume{ (Quadranture Phase Shift Keying) QPSK
mmaﬂmﬂmwumnmuma{msuma{ (Quadranture Amplitude Modulation) QAM
BR51AIUNIIINGIGA (Maximum ratio combining) MRC
fAn259211 g7 (Maximum Likelihood) ML
MIUNINTOATEN 1Ty ANHDE (Intersymbol interference) ISI
NSUNINa E)ﬂ'itﬂ’h@ﬂéﬂﬂ"lﬁ‘ (Intercarrier interference) ICI
Haddunumuuiuautiinzily (Probability Density Function) PDP
WQﬁi'}'umnmmmuuumﬁu (Cumulative Distribution Function) CDF
lﬂf}ﬂdﬁﬁ (Transmitter) Tx
m'sim%'u (Receiver) Rx
fmuveudunis NP
1AFLUA (Decibel) dB
1§30 (Hertz) Hz
ﬁﬂ:lﬁiwf (Gigahertz) GHz
1WAT (meter) m
M (Second) s
T Tn53u1# (Microsecond) HS

fiadind (Milliwatt) mW
AAAIUULUAIAN (Fractional bandwidth) B,

A0 (Frequency), Hz

1781 (Time), s !
n1sﬂsx%aﬁ’1’15mﬁu (Mean excess delay), s T
MsunlsEI3 RMS (RMS delay spread), s o,

XIII



=
Unn i

YN

21 o @

1.1 annihanuazanuddgveatlym

TuilogiiumaluTaddumsdoms 1¥motiunumuaziiyss Tomisedia msghaay
] ' 1 a 4 a o
Faudiuetrann o lsamuiiesnnma TuTadd s deas ¥aufidfannmsdiamh

(] ' A o & o 3 - o a oW o
ptadaiiiowazidad mnlulszmalne Saduiludesdnuiesdniiud naaduaiuaznis
¥ ¥ )
Y3N3A19Y 32uanIssaassanud uazdedmuamaluladdunisdodrs 1imeld
.- o d ; -
aeandesiuIamsuazma lulad Feszuumsdems faezsnunnuazaInauy
£ Vv ] 0 '
Wfuildauszuniug daiuszunlfmenlfnuduegluilegiuiadaouniiumsdons
Yeaofuilusuann dwmfvszuumsdoms 1meniilFauduegud luilegiuiinane
szuy mRERdes 1 Fauszuy imenisden o dmnzauduszuuiidesmseziir 14
& Y ] o o = y = -
s FailegiiumissnuiidmuamasgiuveanauTamsdems 1imennuiigede ITU
(International Telecommunication Union) 1182 ETSI (European Telecommunications Standards
. & N a '

Institute) Fevoniluinasguvoanaluladdears1¥aionars q ¥iia (¥4 Bluetooth, UWB,

Wireless LAN, Wireless MAN 1ﬂué‘{u

WAN

IEEE 802.20* | IGEE 802.16e" | 3GPP, EDGE
(proposed) o (GSM)

b

U4 1.1 masguvesszundeans 1monauiagaluilegiiu (4]



WIMAX 119108171 Worldwide Interoperability for Microwave Access [1]-[3] AN
M3TINAINUVDIDANTNIA 1A 15Wari 15 (Non-profit industry trade organization)
a o & o A4 o A " w
madumsnanginseideasludl a.e. 2001 edmuaiiluanasguluidosves msuaediv
A 1 ' o A ] o ar o 9 o
unzmaenAsszniIngUniaidems imennudige dmiumaniunldauludnyazves
WirelessMAN Taoiia linsdeas 1¥amennudgaluilegiuduunididu 4 siandn o
mnmmﬂsauaqwmmﬂﬁu’%‘ms fio PAN (Personal Area Network), LAN (Local Area
4
Network), MAN (Metropolitan Area Network) (lng WAN (Wide Area Network) 1103314
dwmfuszuuswieglnisidemsdmivusazdnsazveims IiuSmsudazunufzuandis
Y s d' ﬂi " Vo o :i d.
fiudegl 1.1 (4] Taoh WiMAX 1d5umsiusesnasgiu EEE 802.16a MinsounquAdu
i - - |
ANNAIEY G 2 ANUFiAduaz 11 ANZISat lUABUNNIAN A9, 2003 WAsTIUTRDAIY
[ A a a ad &4 -
YYD INIATTIU IEEE 802.16 dmiundunud 10 — 66 nnuidiag nilsemaludeu
14 ]
WU .9 2002 nasnniiu ldtinislsuljsdesmuainuaiuuinsgiu IEEE 802.16a uaz
o o = 4 da v o o o a as '
185umssuseslu@euninginy a.a. 2004 FsnAeded muas uwiziiGeniua IEEE 802.16
-2004 Tuflagiiui lFdmsunsditauseauuudnuusgiuin anudidesyessranudi 11 A
td ]
adsagtii IMiseunsoiauludnsasn lulimsdusedyanald lduesgu IEEE
802.16 -2004 1fuma Tu Tag Rz auigadmin msdeemimalna T5adiimsnsounqu
4 a a 1o oo
Tagagana 30 Tud Femwlndlumisldauanimeifesegiitszim 4-6 lud Tauiil
A lumssudadeyagaiia 75 wanziasedui
y é ar s ' ) dv = 1
sruumsdons WiMAX #eilvgtiululszmenods T ldiszuuiin1dausiua
oglurranadevuazide Taesnszuuiainsoldaulansludowaz lusuun szuu
t 4
1 o o o &
wiMAX fifuszuuindisfedududesiimsfinunasgiusazmainuvesssuuaauiy
a doe - ¥ Y ar . ! 4 a d¢ w o0 Y 1 g
fansuduminfiswzdesinszuy WiMAX neu Funaianddgiinldmsdeiudeya
Y9952 UU WIMAX gallegaeunatindlsniufe maiansl¥aeenmaduazaweinmaiy
$1u2UMa109A (Multiple Input Multiple Output: MIMO) Tas@aiinis ldmatamsdrsiald
[ 1 4 a a u’cay Y A i o g o
muzauAuns 1999 deludneidwusis Iddenmsdhswandeauuvane-1nd (Space-
= ' 4 =
time block codes: STBC) [5]-[9] HAZINDE1INLINDINANAVDI OFDM (Orthogonal frequency
oy . . <4 i‘] . 40 q 9 : Y
division multiplexing) [10]-[12] ¥uiluuiasgiuvesszuy WiMAX M lviamsdeans1san
3 3
uupiifisasimsdaiudeyage asudadinnumwsalumsldauldlunasgduuy wu
= o o ad o y &
dumediia msldau vorr msléaudaalime n13149u Video on demand nazduq ¥4
o ¥ v da v 4 A o Y] vq Vo ° 9 da
iufludealfuuuainnie sanduieiinis1dauvesdldsuaunn i lduoudinves
¥ '
dygnaunieniuuusImuessesdygu daius 1t lddnsanmsdoms luszuy wWiMax

v
AurBIFy MU



1.2 amnjavinenaz nguszasAveamsanen

?ﬂmﬁwufnﬁuff:jm%’u#aﬁﬂmﬂs:ﬁn?mmmizuu WiMAX 71 19msidhsa
wwumsdhsiauonuuuanle- s iy oFDM wazmsdhswaudenuuumla-viinoud
52011 OFDM “luﬁaaf“fiytmmmsmw1umJmﬁﬂnﬂ1m?ﬁmzaimﬁ'agty1mmsﬂwmmmuﬁa
Al unzf’mmﬁwuﬁrﬁﬂﬁ'ﬁmsn’hsﬁﬂimﬁ'tymum (Channel coding) tietfiulszANGAM
Y0332 UY [13]-[14]

ilpsnnmsfemsuuy3muiy Aidrdgundanileine yesdayga (15]-(16]
Futesdyyra luudazuuuezinasesz@ninmyeamsdomsiuansadiu Fafussald
WmsAnulseAnsamuesszuy WiMAX  lusesdggrafiuandreiu iednwid
Uszaninmuesszuuihimsdsiauvulainadevesdyanannnileuiivala 1513 1dvms
$1a095zvveeniiludesszvufenisidisiaudenuuyanlay-1nis 1y OFDM (STBC-
OFDM) [171-[19] azdnszuuniisdemsidisiaudenuuuma-wiinaudsuiy oFDM
(SFBC-OFDM) [20}-21] vusesdaygnaiiuanaiaiu Tasiinisld veedagnuniseanie
wuuidennud Fadguauiidnesuudinvesresdygruiosimuusinvesdygy i
uazmmsuilsziananiesnimunaivesdygiw uazdngosdyaamnilafevodaa u
MsamsHUUAIned Felinuudinvessesdyaannniuuuaimvesdya s nazaIn
urlsz3nannnNAuNAveIF Y Y I uanﬂmf':&'q'lﬁﬁmsn’fﬁﬁ'mimﬁ'iytymﬁnmnu

§ o = oo d;
fio Reed Solomon 1Az Convolution Code to1511lg31)sz@namuesszuu i@y [13)-(16]

= =5
1.3 aUNAFIHYDINMIANE

1 ] ) [~ ' ]

iieannmisdoms e luszuuves wiMax fianusalumsdeiudeyagauas

Ar — a e’a’ =2 " =) Vv =t b 4’ o
aseunquiuinie dufuTamadiieziinms 1Faulunategluuy vaziims 1Fauunnlunun
' ' § - - & ' A dad P =
@199 19U Msdeas Iuiio ¥l uazsuun FaunazNunldunaasuna1eanuy uazl
o yvq 3 a ' as o u’: =4 & ' ar
fudlfuinsuandradudie dnfuwesdldaulvluGesvesvesdyaaluszuums
§ Y 4 o a o a oA [l or
Aomsuuuil ot Ansizinlsedninmussszuy WiMAX luyesdygauminanie

- ad oa a o [ s [ [ a = gt o
HUUABNANLD FITNMIANIUMUUAINYBIFOIFYYIUAIWTUN 15193 [ATNITHI0INS
Rruvesszuy WiMAX Afimisidhswavdenuuuais-ni uagainidswavden
nuvala-wWiimuduusesdyaunuanaenu [22]-24] Tasiims$raesvesdynuday
n’: 3 I o a 4 = as ] ' a i
HUTUIETURgAUNIT MBI nawn wisdimes Aoy 1y Ans)szIudifanas (Mean
U ' = 1 o 1 as

excess delay) A1N151H15879 RMS (RMS delay spread) LAZAMUUAINVDIFOITYY I Tay

dy o 4 ] al = ] ar nl:
18vimniimesil lduaie 1w Idvesdgyanamumguivesvesdya aniuq [16]



1.4 nqufnsemnailylumsity

IneriinutidesnisAnuilszAnEaImunasruy WiMAX ffins 143 1uuy
madhswaudenuuvea-1niswiy OFDM (STBC-OFDM) uazjiuuumsidhsitauden
wuvala-wW3inuds sy OFDM  (SFBC-OFDM) VUFOITYYIUNITNIM WUV VIADN
AW uAzYedyaIHNINeeuL LR oS suifvudszAntnwvesszuuii
msithaaRuandeiu vuresdyafiuandieiy Feinsiimesnaredadeduiiinase
Foadyauiidounlasly erfiu uuudinvesvesdaygia nmsurilsziuaa nazduq
BRuInuILA Mg ve Ty M IBIUIAINANNE FauuudInve
FoadggruiosnduuudInvesdygia uazdaimsudlszIananisoniniunaives
Fyane o3 1805 Rnsanmsiauesssuy WiMAX Suuvesdygiunina
WsnuEenALE Lﬁ'mmnimﬁ'mwmuuuﬁyﬁnaffiaﬂizﬁﬂﬁmwmsﬁwmuaﬁznu
M3 NITUUMIAOMS WiIMAX ffﬁmﬂ%’amiuﬂﬁ'ﬁ"uda'l’fagaﬂawq wuudssuiudesdl
Uszaniamiia litezdudesdyyranionis1dauuvulaiaiy sauda18fins iy
mm’hﬁﬁmimﬁ’iynunmtﬁaﬂﬁ'uﬂiqﬂs:ﬁwﬁmwmmﬁ:uﬂﬁﬁﬁu Taofinis 1¥msdhaia
111 Reed Solomon 1182 Convolution Code 141 1uszu1A0
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= L ade‘l o o asy

1.5 ﬂ’l‘il‘]ﬁﬂﬂlﬂﬂﬂﬁ%ﬁ?1\1'35711-!11@"1!'E)ﬂ‘l]']ﬁﬂ’lﬁ!lﬂ'llwug'lu

s o aw o o o ar = a a " 9/ s =1

fhindtosauunldiimsitemsnlSvuiisulseansnmszninamsidisiavaen
uvvale-1niswAu OFDM  (STBC-OFDM) uazmsidnswavaenuuua)s-winiud
52uf0 OFDM  (SFBC-OFDM) 1atii$1uu909e1001n1a5 uiaz adaiuana19iy uagiinis
nfSouiMeulsza@nSninuedszuy STBC-OFDM iag SFBC-OFDM il 14uveinaumiin
uanaany [22] uaziinslseuoudsednsamueanisisauuy STBC 1a SFBC Ay
madsiaresdyaranuumes Tu1Aa (Turbo  code) [23] TaufinisiSsuifouuu
] ar : = A
¥osdgyarunsnemonuionanud lavldnsuanussnuunmdideu FalinslSeudioy

) o ﬂ‘ﬂ 1 ¢ﬂ' :‘ J ar \ : J ' o

vuseadyguniininnuiaedinasiiuandieiu Tasanudaedimasiiusziuegiu
anwdlunmisdsdoyauazanuilumsidunis uazdilinsSounoudss@ninmues

. s =] a o o
vy wiMAX Tasmisl¥msdhswavdenuuvuas-Tndlunuulnddumsdhswavaen

o 9 o - | : .
puvaa-Tngd  [25] Tavlddnvuzvesaunisniomesiiiou  (Quaternion equation)
1 " é = = l; o - -

Tusosdayaauuuisia (Rayleigh channel) ¥4 1udnotinustim dnnsAnudszansam
STBC-OFDM  1ia¢ SFBC-OFDM UU% 030 1nN15919M 100U VA 0NA1ND 52uH9iin1s

@ 1 o & ar a a 4 M
Whswavesdgygrauiediuljalsedninmvesszuumsfemsuuuuauniig



1.6 VOLIUANISIVY

Snersinutatud 18insAnydseAnsninvesszuunsdemsuauniiais

Yy @ < P ) - d -t - 1 o
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é { 1 L3 d. -1 o
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¥ v

ggeImAua i udunnvesresdyg unuana19iu uenvntidalinislTouiion
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@ = =

UszAnSnmaessruundinmstsiasesdyanauiuana ey uazdidinaiinannduiuves

] P

M3aauAT (Interleaves) NuANA1IAY Mldvunasmivesnnudaaetinasiiulinans
UszdAnSnmassszuiruiu Taois11éninisdiassszunuazsesdygiudieg el

= a = 9
msfSoumeulseansnnuessuuLaUN I
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o =
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] 14
uni 2 nandannudnugiuma TuTadawanasgiu IEEE 802.16 15z iannuiiuan
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aniilagnssuvoeszuy WiMAX - misiianludridusunianieninuazdduyu MAC
HAUANAINGNAIMUATABNIATIIM IEEE 802.16 133931990352 UY uazunayy)

UNi 3 natanguHuaznannis OFDM nanmsuaz Insaa3 13909 OFDM ¥
auuazdruniuuuiu Juladide n1sFelns Tud nisasasde Jgynidrgegavesdids
wazunagy
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msiiweinlFlumssassresdynu qanioldnantumagy
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un# 6 nandiiuasulumsiiassnanisnaneslasezutuilu 3 duneulvajq fe
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TunouMITIaounIBIds N13iinesresdygaarmisinouniesiy uazunazy
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UNnN 2

X
anuiNug Mo unalulaginasgiv IEEE 802.16

2.1 naIvl

lunguuiasgu IEEE 80216 laimsWauazimuamasgiuludiuvesns
Wowne'1¥me Fudumasgu IEEE 802,16 Tawnioviwlimonuiiage (Broadband
Wireless Access Standard: BWA) l&fmunseniiuaesdanlusulusinnea (1143] Ae
szﬁ’m?’:umqmumw (Physical Layer :PHY) uaznﬁ'u%uu% (Media Access Control Layer:
MAC) aueraslugiii 2.1 [26] FaluudaziulisTaneainmssmuaguinuuznmsians
foya msdomsianalaou fetheveansimualusumanion i gy anudlumsidam
YUIAYDI¥DIT YY1 (Channel Bandwidth) naam%’u Fudu drudu MAC 1 QOS (Quality

. o o ﬂ y & @ {IJ o - ' - ' u’:
of Service) MsinenNulasane iWuau a9 luadetazifonmmizuad e fuemTiy

Air In-ter.face \ /
» e ——————— — »;— \ - I ——— / \
.* \
el \
Subscriber Station \
(Client) \ Base Station
\
|
I—-———————-—_—_————_—_—--1
I ] |
MAC Convergence Sublayer Interface to upper layer (ATM,
I (ATM, Ethernet, 802.10, IP) “ Ethermet, IP, 802.10) |
I B — I
| © Common functions of MAC |
< MAC Common Part Sublayer -¢—— (Packing, Fragmentation,
| = QoS, ARQ) |
| !
: Authentication, Encryption, |
: MAC Privacy Sublayer oo I
i
T PRYEERPRT TR i it
I Frequency, Channelisation |
> Ranging, Power control, Tx, Rx
| T Physical Layer -+—— Single carrier, OFDM, OFDMA |
Error Control
: ¥ QPSK, 18-QAM, 64-0AM :

3UM 2.1 [EEE 802.16 Protocol Stack [26]



2.2 sz IAdauve I InaINAI§IH IEEE 802.16

e lusudounsngIny A.A. 1999 NGuATW IEEE 802.16 Aduiladuiewanmnasg
dmfunquat BWA agnieldeenns IEEE Standard Association (IEEE - SA) Uszney 1y
ﬁ"mﬁ'ﬂ?ﬁ’uuazﬁmmmnﬁﬁamm%’gu?ﬁ'manwmnv‘%’ﬂans"mﬁ'uﬁ'mmmmim

o o lu@ousuaInY A.A. 2001 WIATFIULIAYES IEEE 80216 AR MMITUsOITdl
o1 IEEE 802.16-2001 Suflumssmuamasgiu dmsuginsaimsdeudenet
1¥eon QTUL%‘?QGLLUU'lﬁLﬂﬁEJNﬁ (Fixed broadband wireless access) Lmzﬁmuﬁunuﬂﬁ'u
AR 10-66 GHz

e Tuil a.e. 2002 1193310 IEEE 802.16a qnﬁwuﬁfmmz'lé’?ums%’mmuﬁimﬂummgm
&3 EEE 802.16 2001 (Fuiludnnasgiumdn) IEEE 802.16a MuuAMIAITEIY
gmumsifeudeinioiiel¥monnuiagaun liindoud udhnuiinouniuing
2-11 GHz uaz iRe i udalinswau1uIas § 1UGBIHA0NIAT T IUANNIAIDE 1Y

" [EEE 802.16c MnuaRuauiiAvedszuy (System profiles) itosau1#guan
ginsaianini s mualdlundndusivesdauoaniednionilaiy
M3MMUA Interoperability specification 1o 1¥ginsaianadreguandnnso
Mauswiuldvuguauifvesszun sy

® IEEE 802.16.2 (ifil4luszuumsdomsuounnuiintialugaenawd 10-66
Anziasag) nuwia mmgmﬁynm{‘lumiﬁmumtu’mmmxﬁmu:ﬁﬂu
A1300NLUIAZAARITZ Y maoudoini o 1¥meanuiiqauuy
Tindeud enrugudyasuniulfegluszduiimusay ¥iussuy
ﬁﬁnm‘ﬁuﬂmﬁ"u?ﬂq 10-66 Anz183 A

® [EEE 802.16a il l#luszuumsdemsuounnudnialugasmand 211

o

nzia3ad vrAdwndany IEEE 802.16.2 uaaniiumnasgudmiuszuy

2D

¥
o =

Mhaunuauadunu 2-11 AnzeTad
o 11l n.e. 2004 szUMsAmsuaun e 1T umsTuseuiluinass v IEEE 802.16-
Ed ¥
2004 143205 2WWAs3 U IEEE 802.16 anuansumihiiswduinasguian

= 4 = a
e 143l a. 2005 1133 IEEE  802.16e  duilumnasgnuaiuldiviasgiv

. "
=) =t

4 a 4 1 ' =1
IEEE 802.16-2004 IWo3035UMI¥onanin3 o1 13 mennuiiguiuumiaoui (Mobile
broadband wireless access) 193 UM3TUIDUNBIADUTUNAL A.A. 2005 FaiFOFUMNATFIU

lun19n1591 IEEE 802.16e-2005



v v
e adnnlszifueunasguanulasanivuwni oo IEEE 802.16 vy 1alinsfmua
3lumasgiu [EEE 802.16-2004 UAIINHANISANYIVOIDINNAIY 9 @0 1udanusedIng
A 1 ol L
Tumnsgu Famanguatu IEEE 802.16 laud lvdiulgauazussyoylu IEE 802.16 —2004
avuudluniefiFond1 [EEE  802.16-2004/Corrigenduml itagunadaugainuianeg
IEEE 802.16e-2005
= a a A = o d’
a1/l a.#1. 2006 TAiAANIATFIUMANYDI IEEE 802.16 FalAIH
1. IEEE802.16-2004 u1@sg uinievinliats dmiumsiseudemniedis]ioe
] A =
AU himdeun
=) 1 9 ) s & 1 =) "
2. IEEE 802.16e-2005 3Asgiuniedis1idw dmiumsiseudenievinliaw
ANUITITIILINABUT

s

d’ ] ' P 1 ' o o a 1 ' ' = c:d,
UVUSU quaﬂnmsmﬂsgmuauwag“lumammwmm umz"lwanm’mﬂuwu

2.3 anABNIINVDITZUY WiIMAX

o ar 1 A
szuy WiMAX  1szneulddeginsalddyaesdiu amilaonssuvesszuy

wiMAX lauaasdagii 2.2

31N 2.2 aoilaenssuveaszuy WiMAX [26]

1. @011ig1u (Base station: BS) — AUANMITUAIUDYAYDI A01HgNUIL (Subscriber
Ed ¥ ' b [l
Station: SS) ManuAluNUNUIMIVOIANTIFIU (cell) HDNINTAMTIg T MIAITINgA

A W oA o o o 3 - : .
Wouneny ouwmesiiantn Tuu Iaelseaeniiia (Wired internet backbone)



2. aonilgnae (Subscriber station: SS) Andpfuan TidarugUnIaignYb (Customer
premises equipment: CPE) Qﬂﬂiﬂf CPE i 3 zﬂtmnﬁa
2. cpE uunhiindeu Aimsandgunsaliazmeemaniidumiei
ﬂﬂ‘ﬁ 1% outdoor CPE 1iudu
b. CPE wvuwawr gunsaimunsonnnuadoudold udgunsal
sedosnnnsagiuiluvaz 14 detginsel wu cPE u
1A W30 Self-install CPE ({udu
c. CPEuvuadoud gunsalmmisoldaluvuzindoudld
(Mobility) g1nsal CPE i’:amzn;j‘lu;ﬂuuum PCMCIA USB
W30 Flash network card #119g1/n3al Notebook, PDA #3® Smart
phone  #31uoUIAA CPE ﬁm%uﬁqunnmﬂuqﬂnsa‘fﬁfugm
9g1IU Notebook, PDA 138 Smart phone 1112
m3dournves WiMAX 118 3 giluuufo
1. WUUYAABYA (Point to point: PTP) lumsifoude Tavaseszniaaaiiguiy
amiigiumieszrinamigiunuanignuie gﬂlmuf:mn1zﬁm%”nmn§auﬁmmudavia
(Backhaul connection) uffmﬁ'azﬂ'ﬁ 23
2. WUUYAABYAI8YA (Point to multipoint: PMP) Humsifouseszning aniig fu
wa1w anniignuienouin fnil‘fimjﬁiﬂﬁlﬂuiﬂllUUHﬁﬂllﬂ$1‘§u1ﬂﬁQﬂ'UB#] WiMAX 9290

HaAAIgLN 2.3 1wunu

Base
/ Station
”~
’ -y
. PoinstoMultipoint '. @)
ﬁ Mobile User
Industrial

SOHO, Enterprise

q' A 1 1 '
;il'n 2.3 MI¥oNADLLLYARDYALDLYARDHDNUYA [26]
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3. Wlumsiyeuse lugiiuy Mesh (Mesh topology) Aeusnainaniiigniioszanse
Foudeduaniiiguuda aarfignisdaaunsodasedlsfues1dsndredumsadie
A ﬂ A o a & A ' d’ﬂ
139918 Mech (Mesh network) (Jumsveedunmsvimszluumia Mooty
guluuuaSy (Optional) Twinasgiu wiMAaX Taelduaasdagi 2.4 Tuilagiiu msdeude

14 ' ' [ ¥
suupviids lidluiuwsvanednuazdahifigunsel wiMAX lansesfumsiFeudegiuuyil

-l
SLA N L

d .
. . .
» . * .
. . .o . .
.. . B .
v ™ s 0 ‘e, ca s
. "-... sonv®®?® s . s, sawn?® &
. . . .
» 0 - . .
N = . -
. a . . . * . 0
’ . . e . .
Wiy . by e . *
L .e - .
avewn i..-l-

[ A .
3N 2.4 maFounouuy Tosle [26]

-
-
P

U7 2.5 szuamsmsdeudelugluuudredu TavdnisAadeszn heamilgiu uaz
aoniigniie Faaunsodems lugduuuves msdeans luuuamoan (Line of sight: LOS) o
dyarufaredemsizniedariiguiuaoiil QNYIBITUININNANIIATI (Direct path) winnfu
Taodsrnindsiavnalag dsdavnsssiudraanoudya meulimusodesiuld
waznsdonsdngluuunilafemsdemsiihiog uuuaaea (Non line of sight: NLOS) Tag
faoilgfuaniigniieaunsodemsildutieeiiddavnanm Sedyaraisy
IRazinnanaiianie dyauiignaaniusindeiavane (Absorption)  deyaI1ans
@ouudsAnuana (Diffraction) woedygnuazieu (Reflection) dgyaadfinnamuaz
UAUANITANIIN LN INUANAIINY ﬁ"‘qmmuswmﬁfytym (Signal strength) MavaIdayny 1w
(Phase of signal) Tws1ls “l?l‘li‘l%u (Polarization) az N353 1v094" Y1 (Delay time) és‘l
Foaldima TuTadiiinududeuiidmgunsaininiy Savzannsofunazuonues doya o

¥ [ . [
wanauaziaeil1a guanianisdems lunuimeauazms o lueg lunuemom
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v

SanwRva Tearuanudildeu lunsdifinnuiiqeuinnd 11 GHz msfemsszninanil

¥ ¥
guuazamiigniiedeuiunisdeds luuuraisainiu dauanuandndi 11 GHz
TasmmwizdmuanudndInd 6 Gz aniiiguuazaniigniieannsodadenuud lueglu
& e 4 4 ' o a ' a 3
e Sanaaiansdeash liegluuwarmen shldidannutangulunsaaduny

THmginsaigniie (CPE)

1 ]
&
| ]
P 4 d E
7%
g
/ s
4 Base .
4 Station e
v d [
4 .
/7 »
/ H
]
[ ]
[ ]
[ ]
[ ]
[}
[ ]
H
Line of Sight (LOS) ; Non Line of Sight (NLOS)

1 2.5 msdoms Tuuwrmoa uazmsdeatsi luegluuwrmen [26)

= o
2.4 MINDIVOITYY IV HAZITAUTYH MAC
¥ ] = o = ' =1 = - J B &
msdadoyaszning amiigiu fu aarfignae Haesfismefieviiiu (Uplink) Failu
msdedeyannamiigniielianifigiu uazvias (Downlink) szifludedeyaninaaiigm
" ¥ "
Taariigniivezgauaaslugili 2.6 daiu gUuuuns@ea15a0an1a (Duplex  scheme)
o/ ; o o
dmundu Ay naadildassgluuumdn Ao
1. midemsaoamalasnsuiiananal (Time division duplex: TDD) misddoya
J e i c: ~ o ' ) 1 L 1 : 1
NA MUY A V13NANUDALINUUAILINTAIAUATFIAIAT NMTANTUILYNULY
gaamesmilu sy uazluudazmsy fmsuinadenilu 2 wsudes @e msudoy
J 1 1 -
N19919U (Ulink subframe) LA W5uEaEN19v189 (Downlink subframe) miﬂ\i'ﬁ’m‘mﬂﬂﬂ‘l‘“ﬂ
i L L 4 L d‘ r ar d.
asezalugranausudosn1anas Faezuaaingn 9 TDD musasesiumsdiunlaou
" - o [ ] " = J o " =
¥ranaearsuldfedadiurianaives msudeslusimmevivuduimsudeslunaman
4 c: o - J o u‘/‘ =
a9 imsndeuntlasldyusulSuamsmiln (Traffic) veauduazvIaIsaiy TDD ad

anudangulunisiamsuuuaim
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2 m3dedsananalAvnIsiy NIl (Frequency Division Duplex: FDD) M3t
ﬂ’faaga‘luﬁﬂﬂNm-ﬁ’uﬁwmwzdaﬁﬂuazmmﬁ nsdadoyaniufuuasseaunsada 18l
naReIty FagUii 2.8 woNING FDD §130931 CPE fiiluuuy Half-FDD Aoginseignyi
swimsdsdeyaunziudoyanuaznmiu uazgunsaignieiidadsdeyasz hignnsaiy
foyald uamsdaaziudeyadaldauazainud mslégluun HatFDD qunseivziism
AN Full FDD mazamlsznoumaiudyanuiunadidyguvesglnsaiamnsaly
gauaiuswiu 1A

msvaassauddmiy TDD wh’imm?'uﬁuwﬁ&aiaaﬁ’mmmtm&u dA2UMS3
faassnuddniy FoD i)z"l%'ﬁmﬁaaﬁmmmﬁm}mﬁ'mmwmﬂﬁaﬁm%’umﬁmmsﬁﬂ
Foadganamilsdmivaag Tania T udagunsel TDD seiismiignniigUnsal FDD s
gUnsal  TDD vudnnlszneumadudygiasudiudszneumadidygumusald
auriu'ld udginsal FDD yuduszneumasusumadasnaunzgaiumszdoninnu
wioufu FDD 14 2 voadgyg @miuniufunas) Ssamnsasesiusauaniigni
1&unn1 ualuudvesnsuimsiamsuuuainuds TDD sxdidsz@ninmniuniielay
srsusAvesmslfmunievinty ﬂ?um'ﬁ'agn"luﬁﬁmwmwzﬁmﬂﬂ'iw15un?aﬁn‘§'vn’i1
nIARUUUOAULIAT (Asymmetry traffic) Fafina1dadu oD awsodiunldou
FadruveaursuiesesfulTinadoyai hicuuiasduldand sofudmivgliuims
aunsafvzidonldimaTulad TDD wie FOD FufuRuauiAvesdlduinis mssonuuy

STUY uazaulszanamsaany

- — — —p» Uplink ... » Downlink

Residential <4

d Mobile User

Industrial
SOHO, Enterprise

3% 2.6 M3 Uplink 1@z 115 Downlink [26]
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«4———Downlink Subframe - Uplink Subframe ——— 11me siot
o ) -l -
T Adaptive "

-
e

LN
e

Frame -2 | Frame j-1 | Frame| |Frame j+1 |Frame j+2

Time frame

3UN 2.7 msdfemnsaeaimalagmisuianmenm

F -1 F j F j+1 me
rame j- rame j rame J+ Slot
Downlink
(frequency i)
Uplink
(frequency J)
Time frame

91l 2.8 msdomnsmeana Tasmsinianienad

¥ ' ¥
1ng1i 2.7 uag 3109 2.8 sziiuldmolumlsuvesis TDD uag FDD eziinis
1 L) ' 4 1 U’I‘ = ] 1
iisdeseeniilugaa1 (Time slot) Famsdadoyavesisaniiigmuazaniiigniioszdesds
' dido o & - -t ' Y A 1 v Y -
ATINWFAINN NI dnfuisanriigiuuazanignuisszdesiinisawiar linsaiu nie
Synchronize t7a 1 e Timsdadeyanslugrananildgndeuiud
nmsihdaresdayaraniomsidhtalunaieg vesdae e (Multiple channel access)
o = va 9 = & aoa =t = ' .’: = £
dmfuluiamanase: hidudeumsiziemananiuidosaniiigdideamniuiiiug
dedoyalusranmnasveunsudes uazdanszaedeyaliyng aoriignute daumsidhda
e a 4 & a a o da 4 ' &
Foadga I luiam iy livawa aoriignuwiil Toemanezdalalusiwrmvnuves

¥ [
1 a o S g o o 1 = 1 [
msudes1d Aniuisdesiimsianmisivetlesiu liliifanisdadeyaninnawaniiignuie
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TunamdoufuderzAoliiianssuiuvesdoya duuludmuiusadeld TDMA (Time
division multiple access) ¥I83AAT1IIA1VDINITAIVDIADIGNUIWY ManaeImsail
gnimuauazalugulasaa1figiu Ynq ¥2am1 nie msy amiigiuesiimsdinszae
Fonrm liiaaiignane moludeanuszilszney ludrsmsanamsdeesaniignie
Fnfuaniignareszihmseedadeyanslugasnmlasazinnuganawi's Fuaaald
muhaniigmmnsasimuaiinauazsusna Iiudazaaiiigniidiminzay
FuANuABINTHIUAINYBIIAAZADTigNYIY

wonuIn WiMAX  aziianudangulumsiamsuuudinudadaiinnudanguly
sduuumistamslunmisivuazdadeyanelunng naweasuaarligiannsoiins
YSunldsunazimuaguamianamenmyosmsiudsdmiuudazaniiigniie wu ns
augudasimsianainiia 1141am111 (Forward error correcting code rate) AI08191%U 1/2,
2/3, 3/4 uazm sV iU AvuIUDINLN518RIAFY (Modulation  scheme) 191 BPSK, QPSK,
16-QAM, 64-QAM A Iiminzanluudazaniwvessosdayg o Fre6hsu luvaiziy
Yoadyg i dyaiusuniumn F13annsasidmdug urodyaIusuniu (Signal to
noise ratio: SNR) Tawsamiilgmssimsyfunlfsugaauidmemeninvoanisds iy
Yiunldeusasimsaawmiadalud e dsuldsuumumumsueqadu Wudu v
aumumudedyaiasuniuie ¥ awisodeaisiude 1014 madiniGondt ns
ﬂ%’ntﬂﬁ"uuqmﬁnﬁﬁmiﬁuﬂmmau'wﬁ*; (Adaptive burst profile) @e3zna1iluazidealy

virdanala

2.5 uounauInglynunmnvualasiasgiy 1EEE 802.16

1 ¥ ¥
IEEE 802.16 ladmuamsidaueg 3 uouniuing unzudazuounauingiy [EEE
¥

v ¥
802.16 lammuagumniAvesszAuFuNemenwi l4iiasiine
1Y

1. uaUAAUAIMA 10-66 GHz Hunauaduingidesnis lueygaldna1ud (Licensed

.
= =)

v v A a a2 ' =
Band) llﬁzﬂﬂ‘aﬂﬂliﬂ’liﬁ‘INf\iE]Qﬂ'ﬁi‘].lﬂ')uﬂ']uﬂau')ﬂq lm‘}Jﬂﬁu1ﬂquﬂg1u‘h”Nﬂ1mﬂqq

v ]
aniumsdadesynineamiiigiuuazaniigniie Sadesmsmsdeds luuuamenr anu

L o d’ 'd' 1 L] s J
nhavesresdganuilFizogn 25- 28 MHz  Aevesdau Heansaldanuia1dds
[ i ¥
125 Mbps  @aunaauiian1anenimyesgilnsal WiMAX  iiiaunuseuaduingiign
o wa A4 . o 1 & ¢ =
fvua laonuauiAvesszuUNFodn “ WirclessMAN-SC” mssudedoyanz 19 aduniviaes
(Single carrier: SC)

2. upUAAUANNDAINI 11 GHz  Wuuauaduingidesnislueygialdnaud

(Licensed band) HAzZABINISMIANATOINISTUNIUAIUAAUING Tunateq Yszimeauoy
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A = d' oy 1 4 a § ﬂl ] Ll ] J -
uouaduIngnldeieeeylunouniuingidindi 6 GHz nisdAsdeszninaniiigiuuaz
amilgniemunsademsii lisgluuuamen 18 anuntavessesdyg uegszni

. wa 4 4 a  da
1.75-20 MHz daugaaudanismenmuesglnssl WiMAX fviamuuunounauingiiil
td
mfmua Tinaieg guanifvesszuudail
" WirelessMAN-Sca: M3 sudadeyaldnaunviitios (so)
" WirelessMAN-OFDM: m1s5udsdeyaldvaroaduwiriden (Sub-carrier)
NNIUOYIATUILY OFDM
. v U ¥ A a1 oo
" WirelessMAN-OFDMA:  m1siudadoyaldnatondunividesniinis
UBAIATULUY OFDMA (Orthogonal Frequency Division Multiple Access)
3. uouAauAMNDAINTT 11 GHz Wunauaduingi lideamslueyanans e
A2WD (Unlicensed band) wag lilasumsduasesmssuniuduniuingnisdndesznin
=) ] ' a1 A = U TR & 3y
aoiigiuuazaniiigniie munsoaadedemsniamei lieg lunulmoa iesninms 149y
1 i = d' " o ; - ] 4 4' :i = ar [ u’.r,
aglunounduIngildanusuduniediedoasdug ferveeiinmssuniudu’ld daiu

] ' ¥ b 1
Alda1 (Operator) oz 1duaunduinguuy hideamslueygaiitedesdndsna lniiGend

€

Dynamic frequency selection (DFS) Lﬂuﬂa"lmﬁwawﬁnmsﬁu’fﬂn‘ﬁiuimﬁmmmﬁﬁﬁh

ogud ionaTomauesdyamsunau dauguaiAnsmenmuesglnsal WiMAX i
v‘iNmnuunuﬂﬁu%ﬂqﬁygﬂﬁmuﬂTQUﬂmﬁuﬁﬁmmi:wﬁ%'ﬁ

® WirelessHUMAN: High speed unlicensed metropolitan area network

(HUMAN) misdsfeya’ldmmgiuuufionduniviaes, OFDM, OFDMA

= @ 9 ot
LUUMeINUUDN 2

M3 2.1 uauiiniamenmvesgunsel WiMAX luusazgumniavesszuy

System Mode Frequency (GHz) Licensed/unlicensed | Duplexing
WirelessMAN-SC 10-66 Licensed TDD,FDD
WirelessMAN-Sca <6 Licensed TDD,FDD
WirelessMAN-OFDM <6 Licensed TDD,FDD
WirelessMAN-OFDMA | <6 Licensed TDD,FDD
WirelessHUMAN ~5-6 Unlicensed TDD

[EEE 802.16 ldfmunaegianiieg dmSuuaunduingihlfauuazanuniaves
yosdgygna Taohildmzeaniveuasldhldnudiinils uazanunhavesresdaygu

' A - ! o = L] y
mila AemawaiielWidanudangulunmsi EEE 802.16 111491939 ed1alsAauite
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ﬁ'lumsnﬂﬂmm1ﬁa1wznﬁﬂéj‘mﬁmmnu?ﬁmﬁ'wﬁnqﬂnm’ﬁNu?ﬁw"lﬁﬁnn'l‘ﬁfiﬁ'uﬁaﬂ
a9 i1 hinsedu Feansaneliifailaywinis 19us iy (nteroperability) 14 Fafu
IEEE 80216 18dmuamasdudmivanunievessesdyana 3 luguanidvesszun
@wznandnnialuiaden 2.6) damuouaduingldauliimssmuamedalunasgn
usazidlantadusuuloniemssaassamdvewsazdszmauaosialsinm  wiMax
Forum 1813z auaniu ITU uazesdnssaassnnmivesudazilsyme e 1iiinsdanss

anuadmiums 1Fau wiMax Tyl lunema@eiu

2.6 seEUTUMImENN (Physical Layer: PHY)

luilagiuiieannmsdomsii liogluuamon sufumsdemsnaniildluszuy
WiMAX ﬁufumﬂ"[uTaﬁﬁsm%’nfgmﬁuﬁﬁmiﬁamsﬁ"liiagi‘luuumwmffﬁa OFDM uaY
OFDMA ms1znaqtn€;’uﬁeﬁmﬁﬂizﬁw%‘mw‘a“lummﬁ'ﬂqmﬁm AuLANA1YeI Y
AR ANV Ty a (Delay spread) LIAZAIANAIIYDIFBIA Y IUNITVNINIHAITD
(Multipath fading) Tunsdsit liegluumon'Id

TumalfiiauTainnanginsel wiMAX daulngjszidenldimaluTat oFDM dmiu
qﬂnﬁaﬁﬂ?a'&w"l%'ﬂwmmﬁaqquuu'lﬁmﬁ"wﬁ WUUWAWY 30 IEEE 802.16-2004 U
malulad oFDMA sxqnlfluginsalinfesiv1mennuiaqeuumadoud nio EEE
802.16e-2005 (W51Z OFDMA Hanuaninluiessumsldaudiuua (Roaming) 18@na
OFDM  odlsfimuninidenlinaTuladnsmesiunaluladla munzfumsidouds
m%’miw'l%’ﬂwﬂ'nus%‘1qumv"lﬁmﬁauﬁﬂ‘i‘mmmﬂﬁiauﬁfu Tifimaanashuiiufiuiven
vuiindwin lawdndulnldima Tulad oFbm FawIdiundesiel3mennudrqauny

=

VoA - A a aw 9 3 9 o & 9 o
hhllﬂﬁﬂu'ﬂllﬁzliﬁﬂlﬂﬁﬂu'ﬂuﬁﬂ'NUi'H‘nNNfWﬂﬂ’ OFDMA ﬁ‘i“'iﬂlﬂ‘iﬂil‘lﬂ‘liﬁ'lﬂﬂ'nljli']qq

Y a

wuumaeuRminiy uazdailunsuiindnanldaoana TuTadsmfudeludimmisunald
oFDM  lufismaviduld oFbMA  sziiu & gunsalnndreuSimisdianuuands
wanvaeiu gunssidiamn Tuladius: liaunsadadenu’ld na1nfiegiunsal OFDM 1z
higunsodadedoms 1&fugnsal OFDMA aéslsfimuanudesmsvesanmiasiudianiy
tangulumslfauzidiudndndudiginseitszian Inuszmangdums 1dauriiala
lududalfszndnludimvesdrwudumenionmiiivadosiu oromMa  iflundn
dannlsznevvesdidudumamunin Uszneudrenardou Fag1lit 2.9 flumsuaas ms

° da & o o o
muumnmmiumﬂmmmemumw
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Reed Solomon & QPSK
Convolutional Coding 16 QAM
R5-CC) 64 QAM

Scrambler | Forward Error . : = .,

(Randomization) | ™| Correction (FEC) [ ™|  Interleaving Modulation r‘
OFDM o | Cyclic Prefix e . .
= Processing i Insertion ] Filtering | Upsampling |——m

1] ¥
UM 2.9 nanmisdhavesszdudunsneniwdmsy OFbM

a F aa
Iﬂﬂﬂﬂﬂﬁllfﬁ‘ﬂ'ﬂﬂgﬂﬂﬂﬂﬂﬂ]ﬂ

mshsdaioudnuAanatn 919y (Forward error coding: FEC) 9%

) aa [ ] " ar a [
asduuazud lviRanan luvazidedoya duilunisdivansziuvesdynudedyyiu

¥ o

oy - ¥ a ' 1 day @
sunauAdesnisas matamsud lvdeyandanarnszilunisnasdoyadiunlddmiy
msasnduuazmsud ludandanata (FEC  bits) lufudeyase dagali 2.10 Ndwgsy
o cll o = ar = 'q 1 a‘.‘& o
winadeyah ldsvuaziSeuiivuiumsud lvianfanaramari Fadfvamnsonsanld
1 aa o a a a 4 Y _ o 1 ¥ = Vi da
nidamuniianuranmaiaiuudnimsud v uans 1dmaiinnmsudludeyaiidanain
td " " ' [
fidwvesmaud lvdeyanmanaaimundunde ndudiudiui Ty 1dussydoyaldnunie
' v o o 1 1 4 9 o
(30091 Overhead AatiuANUTIIudsdoyadIuniisszgnaaneugnldlidmsy overhead
o o ' a - ar a a
vaihlianusvesmsdedoyanieanas ImsiatSuim Overhead  voumaiiamsud lu
doyanranaralugluvvvesdasimsidisda  avu 122, 23, 3/4 Hudu) dredr1a5u
ia et o o =] ' 1l
msud lvdoyanfanamaniidasimadisde 12 Snausalunisdedeyasiuogi 2 Mbps

] g’o = = [l a S 1t a 9 1
wuanudgnivesmsasdoyasieleagii 2 x 1/2 =1 Mbps maiiafilHidunsudlvdeya

NAana1a FEC Tu WiMAX 92 19n151415va111 Reed Solomon 1182 Convolutional Coding
4 o o V w ' a o o A
(RS-CC) Havz IddnsimsidhsWaiuanarsiu (au 172, 273, 34 Wudy) Bedasinsidswads
a' a as as - [ é’ & A a 3
foseusasesiudggusuniuiszaugeiuld @elinnumusolunmsaseivuazud 1y
] ¥
tandalad luanzdygrusuniugy) uinnudgnilumsddoyaszanas dnfuaani

gwdsimsdiulasusasnmadisialdimnzausuanzvesresdygnm luvasiug

'
o (3

o 1) " { o ' A = = a )
meduuluannzidygrusuniuegluszdud delinalfinannudanarnvesdeyany

v 4 4 4

b
Tuszaud AniuTalimaliulddasimadrsWaiigeiuiionn Overhead nAdansnIns 9Ty

]

anAanmaegluszdvioansvld vaazidygrusuniveglussdugaruiiaiia

]

=4 ]

Aanaaunaumsud lvdeyanAanaia FEC Tiamnsamimsudle1d Sedesfimaindiudy

3 d ' - ﬁy 4 dl .q
#1%0 Automatic repeat request (ARQ) ¥uiunisdedoyaduauiounuidoyanfianain

79831
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[ oata |—» cquzﬁF"EE:) - »{ DATA

71 2.10 matiansud lvdeyaiianaia FEC

azunwﬁvluaqm%"u (Adaptive Modulation)

ms:Jagm%’uﬁﬁmun“lummgmﬁ'lé’f4 sUuuAe BPSK, QPSK, 16-QAM Lnz64-
QAM "lum‘suﬂ@mﬂ“;'u%q 4 ;ﬂuuuﬁ” 64-QAM Tanuiamsdadeyagagauatszininm
Tunsnudedayanusuninlddiga lumendudu Besk  THdszanFamlunisnude
Fyanasuninldgagaudldanudalunsdedoyalddiga Wagasmsidhsiauasns
yograFuAaRTin AT AURMmMUMURsdygasuNMKaza T 14 dafudoq
fmslfunlasusasmsidhsvauazmsuegadulfiminzauduaniizvesvosdyg n
Tuvazaiun éafs’Uﬂnﬂﬂﬁﬂf'f'hazuﬂwﬁﬂnaqm‘h 31 2.1 urasmslaouinlasgaiaania
mauiinits daiinswdsunlassasimsdrsianisueginduIdimngaufunnuusves
dyguuazszAudyyIUITUNIU SNR Tuudazmsuegquaduuazdasimadisiaes 18

d g dr Al o f 4
anus2 lumsdeasNuand1any Aa131an 2.2

»

31 2.11 manfAounasgueniAnisudinia (26]
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H 4 " oo ] a
M1 2.2 ANUENLARZILUA INYBIFDIT YR I

Speed at Modulation & FEC Dode Rate (Mbps)
Channel | QPSK QPSK 16-0AM | 64-QAM | 64-QAM | 64-QAM
Bandwidth | 1/2 3/4 1/2 3/4 213 3/4
1.7 MHz | 1.04 2.18 291 4.36 5.94 6.55
3.5 MHz | 2.08 4.37 5.28 8.73 11.88 13.09
7.0 MHz | 4.15 8.73 11.64 17.45 23.75 26.18
10.0 MHz | 8.31 12.47 16.63 24.94 33.25 37.40
20.0 MHz | 16.62 24.94 33.25 49.87 66.49 74.81

2.7 109991990931 3§ M IEEE 802.16
AT TEEE 802.16 Iddmuagauauiidvesszuunoguauidvesginsel itelid
viindwaa 1818 uuuamalunmsesnuuuuaswdnginsel WiMAX #1519 2.3 udaq

ADUNAUANTAYDITTVUVDY WirelessMAN — OFDM

M13190 2.3 AUAVTAYOIIATFIM IEEE 802.16 61151 WirelessMAN — OFDM

Profile Name Type of Profile Descrptions

ProfM3 PMP MAC WirelessMAN-OFDM Point to Multipoint MAC Profile
ProfM3 Mesh MAC WirelessMAN-OFDM Mesh MAC Profile
ProfP3 1.75 PHY WirelessMAN-OFDM ~ PHY Profile M Channel

Bandsidth 1.75 MHz

ProfP3 3 PHY WirelessMAN-OFDM PHY  Profile ﬁ Channel
Bandsidth 3 MHz

ProfP3 3.5 PHY WirelessMAN-OFDM PHY  Profile ﬁ Channel
Bandsidth 3.5 MHz

Profile Name Type of Profile Descrptions

ProfP3 5.5 PHY WirelessMAN-OFDM PHY  Profile ﬁ Channel
Bandsidth 5.5 MHz

ProfP3 7 PHY WirelessMAN-OFDM PHY  Profile ﬁ Channel
Bandsidth 7 MHz

ProfP3 10 PHY WirelessMAN-OFDM PHY  Profile ‘ﬁ Channel

Bandsidth 10 MHz
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[ 9
3199 2.3 Uszaouldrenumnia (Profile) dmsu 91 MAC uazuauiiadmiy
o ar 3 ] Qe : o 1 s A of r e
Sdusumemenm lundagguauianuasg i lddmuamdulsnddgdmsuguania
3/

o ' Wy i L] 1 4
vosgilnsal Miamszduna ldiguauiAvesszuumaril hildmzeeh ldldaunuon
A a d' " = (. | ] wa ] 9 (] 1 :
aauingiinla Sudifessmuaguauiiandainanuninvesresdygisunniy
o [ ' e 1 o_ o : 4 o :
#1061 ProfP3_1.75 ugauauiialudiuvesdrdudunisnmeninuesgunsel WiMAX f

1%imaTuTad oFDM NiimslFnudrsanunhsvessosdaanui 1.75 MHz Wudu

2.8 ANYUZINWIZURINTTVUIDI WiMAX Forum

hmanendndunilaves WiMAX Forum fiodimunsioazideansodnymznnizues
M351504 (Certification profile)  dmiugunial wiMaX  itelfuSimdnanidonldiiiu
mamslumswdadie i leheunsalnndedudamuse 1dauswdu 18 deil wimax
Forum savhfemmsidenqaiautivesszuniidmualslu IEEE 802.16 (fafiuans1¥lu
Wade 2.6) mdanuudnuaiziamzuesnsfuses ¥s WiMAX Forum ﬁ1f]mﬁuﬁ'ﬁﬁyuﬂ‘§
Hundnlumsasnasuuasiusesgunsal WiMAX nnuiimguandie douandriidany
FEUINANYULIRNISYDINTIVIOI WIMAX Forum “luﬁﬁaf:ﬁuqmﬁuﬁﬁ&smswu IEEE
802.16 TuiadefiudrAodnuazinnzyeansuses WiMAX Forum vziimssimuaiiandy
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PSD [dBr]
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a L 3 c’: o ¥y A @ W o . &
Falns lugedriosaeanss lavaswsnlfineniveuivaveadydnyaiuaziaal (Timing)
[ I " ' ¥ ¥ [
nmmzaive Idnansznuiifiaein Ist ua 1c1 Hanfevigaluvaiu diunssfinealdife
1 Ly Y = ar oo v a
m3lszanumia uazmsasvaevuud lvdeRanainvesdygiuniuld Fuiaumainanu
- = A o A E a A a ar & @ 1 o
Wesuunieanudvesnauwiiine 14lunisuanideenmsiie 1C1 Smsuniessusunte
(Coherence receivers) iavasndunidesiinisdalns lumne ¥ lunsaseSavunauazie
[ ¥
yoanaunIvgoanua wdaldlunisiimuaveuvad S UIHURY QAM  (Constellation)
' & a0 a oo P s = - <
yosudAazAauNINEeY TasdnAdye s OFDM #i IdFusziimanuboauvuninnudss
] w o a o y 1 = o g 4 o
dswaaniiui lugdvesnisiia Icn inldndunidesgedogudnuuzvesmsdiningariv

= n.-

s A o 1 1 o o ' s ' e
uaziu Faih lgmafadygausuniumada deiwam dsasdiudyyrudedy o
" v

sunuiMand e Asiudeidovesszuy OFDM Aeliany ldedyausuniumanauay

o A = [ Ay & o ) o o " =t L
nInd Weivuiuszuuidwuuaduniiaes dmdunsudilymidinain1diinmi
mAtAMINANT MUY n3oyadaydnuel (Training symbols) tuuiiey 114 luns
a (n’: = = o’z = P
Falas lusnawuanuduazuuunm n1$lumsdalas ludiwuuanuduazuuuna e
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32

msiudvdnmiuuuugmiunldiiemsdelas ludiiufe 9200m T, vows
azdganuaigni Idimilouduludiundiga e‘i‘iaf]mﬁnywzf’rﬁwﬁnﬁmﬂa’f'ﬂsz'iumf
dmiunsdaTas luduunauazuuunnuivesszuy1d dumaslugyi 3.12 Taoiugy
annsafmdﬁ’:u.ﬁ'mﬁuﬁummtm T, ‘umﬁtytmmuazahmmﬁqﬂﬂsz’iq T [27] - [28] 9

o = o dy
©1Ana ansadonlddail

Tg
x(t) = Ir(t -t)(t-7v-T)dr (3.8)

0

mafadgyaasunIvvesdlsznumanudeauuniennud gaimuadmiy
ol = & o/ o e o
dyanadana r(0) FalszneudludyaIm OFDM s(r) AaeMas P smdudygasuniu
o e 4 u a A 3 T e w a [y &
WUV YU (Gaussian noise) NuvuauANuUiumauFialnaiudun e N,

mulduuuainavesdayaa OFDM 1ufo

r(t)=s(t)+ n(t) (3.9)
Estimate
T —» Conjugation pha_seof FrBoy
delay g max;num Offset
Find
OFDM o Idf maximum |—s  Timing
signal T correlation

U7 3.12 msFalns Tuddrems Idmsmu@udumhuuuu

dszinamanudisauuninnudgminguiudygudayadioa)ssIuas

Adagn (Conjugate) ¥ Idiiadayg I y(r) a1 [29]

yO)y=r@tyr’ (t=T)

3.10
= |s(t)|2 exp(j@)+n(0)s" (¢ =T)+n" (t =T)s(t) +n(t)n" (t = T) G0

1 LY 1 { é =
mouusndmunilovesaumsie autlszneuoawanuauiai ldeenuunls dail

o @ W o A ' o w Y W @ o w o 0w
ﬂ‘“ﬂ']ﬂuﬂ"l.uﬂﬂ“laﬂu11J'Uuqf’]i“1ﬂ1 T llﬁ$ﬂ1ﬁ\1ﬁﬂ1lﬂ1ﬂuﬂuﬂ1ﬂ3ﬂﬂ\]ﬂﬂJm‘lﬂ‘Uﬂﬂ-'aQﬂﬂq
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@ a o o d &4 1
dmiudnasameouda lidunmnnndyanauas fyausunuuuumdidou Fagngudae
- ar o ' P @ ' I e ' " W o o
pamanduih I liianuRsaiudu ludrumeugademddalisuiduduiideves

ar o o " ' = 1 " A I e o
Y9 uTUNIUEAAIAIADI HARIAT SNR ¥84BUKANANNNIINHINN 9 AfIAIv09
dyanusuniuszgnazias i)
anuidsaunisnnudgnlsznadiea ey y(f) VHFNNMMMAUA YN
au 7, wazawailszinaldnn p(r) mazhdnnlizneuodyaves (-) ildeenuunll
: ¢ 4 1 A duy v A sy v aq ¥
Wusnnesnai aundenldszdwaadyarasuniunaziiuniinmest 1a auuali

¥
daulszneuvesdygnusuniugnazias dniueiawa SNR sxgnilszanm Tae [29]

P’ PT,

SNR, = (3.11)

2PN, /T, 2N,

U7 3.13 wansznuvesdyanusunuuuA Ry 14

317 3.13 uaasmansenuvesdyausunuuumuaniu 1@ dusidmuald
doyanamedudaiauiu 1 uazanuenveanamesdygasunuiauiu a fuyw ¢

a’: "a - o =
azviumAanamveunansvldne 4,

=\ aa

91NA3 INUIA
x=1+acosg
y=asing

. 0, =tan”| 2

Lua err x

o
INTITRTUY

0 =tan asin @
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dasdudyanusivuanuvinavesdyguniy lduazssauvesdygiusuniu

4 " o v o
dedganugnamnaldfivinaniiiy 1 Aniuvinavesdygrusuniude
P (3.12)

1 g‘lv [ o a,: - 9 & 9 ]
SNR aguuugMvIIAvesdya I AnTumnangnAvdtedaliegluglves dB uny

iy

0 :tan"( 1 ) sin @
SNR [ 1 ]
1+| —— [cosg@

SNR "

g, =tan ] =08
i [SNR +cos @ 3.13)

= = o dly = 1 A
MATANM T 1A THFVUNUTINYDINTINNA UV IBHVUIY s nmaneauiy
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mendun1sdalas ludi lidanulunisaade ¥ ludns1Faudygragauuuniey ud
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ige dmfumsdeiuuiininannumiaganaimsdlas ludive 14181 SNR iz
- o o ] -] o - L] 1 n‘: &
fiqa dmsumsdeinuuinnennudiganaimsdIas ludsuudeadugadudemuse
9 @ W o o < 4 4 ar o
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foyamanil 14 Taodgyapagaisuldnmuassgmimn1flunisdalns lud ¥935nsmu
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3.6 MINTIIN
4 a 4 a1

lumsi¥ouToaszuy OFDM fiadoyaszgnueguaauuadunivtesalvgiluuuves
msuegEALUUATAsanund (PSK) n30n13109I0ALUUNI0AT 1983 N 19U (QAM) Tu
mssznammiamniosiumsiviineanumdamanauazvuiavewwuiiuundag

: . 5 ks M e o 5 2 ;4
aaungoiudaisuilu Taoi lamunudadananszuaasiemquiayumannaeuly
o (d & o q¥a 1 =
uazvinandsunlas Fuilummgi Idifasanummennud anummana wagms
a Y ' W . L] E
PHMYIRNIZANUD NMITATIVIAUVVIINY (Coherence detection) gniinldlunmisiszum
+ - P ) o a 1 A 4 o ' a

miandlu 1 1dunngadmivumudvesunazaaumy Tasfsuduaidredamanauas

b
nnadeAveinsasvindtife ludesmsyadeyaduouninlunisminidrads

Binary
Output
RF o ol Coherent .- ] . Data
Receiver = ADC = FFT ™ Detection Deinterleaveing »{ Decoding |—»
[
Channel
Estimation

U7 3.15 vdenlaozunsuveunieaiy OFDM fumsasieauuuianio

! o 4 1 @ [ =
3UM 3.15 uaasvdenlaszunsnveuniessus iy OFDM vasninuasnnudag
o o aa a ¢ d a |

waznasdygaewaenuuudiaeamsulaayfiosiuus 1 (FFT) gaihunl4iieausqian
ARUNIYLBY N veedya 1 OFDM dmiuudasdgyanualiodnyn msudasTiosanfuuuy

o ' ' o 1 ' y P 4
(3292U553790M1 N QAM 081 lsnmwsunariyszneudomaiideu lduazvuianiinig

= & v o q ¥a -

nlasuawugy Fuudumeilfifansaouaussvosresdayaia (Channel response)

& = 3 o & . - &
ManeuYeIdAFAUAADTUsEIUATEI (Local oscillator) uazaNuboauuNana Fuily
nunindimivdmvesmsdszinammvesyesdygrauenisisouindedimaauaz

[ & o"u’/’ v @ w o a Y 1 3/
PIATIMIUAAUNIMINIMNA aunseRedydnual QAM gailasulvedluglvesdeya

[0V U0 (Binary data) NHATUIDIANA
ar ar o a o (R ar s =
gadganuainuumrugmitnldlunsdszinamaivesdygudumaaslugili
a‘ 1 - 4 o 4§ 1 ' : ar o 1
3.16 H1AINTANA-ANUDAVATUNIHIBUBYUULAUILIAY LAz FyRnualpgULUNULLIUBY
' ] ¥ td
Tavaduniidesusanianuagnlfidudyaaii (Pilos) yadydnusimariionnse
i ldieussgmsmimresdyasusuidsadumsdszuiammanudouuunianud
] ] ' £ 4

uazldAamumainnudosvunieanudvesndunivsesiamua 1nlassadiavosya

@ ° a 40 ya o P
dygnanhvidail ldlinsiveuemeiuinasgiuvesszuy oFdM [11]
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—_— Symbol number

1 a " -] W @ e 4 1 o [ °
31/ 3.16 Arednsveanininediy 2 yadydnusiiedszinamyesdayanaunzdygnanii 2

A d o @ a o :i
anurvseslddmsunisgalas ludsnmenud

3.7 dymmgagavesiag

v
=

o & L & o ' Y d o

dyg 1 OFDM Usznoudlendumivsosnatonaumy lasuaazaaunniuing

- = T @ A Y 3 o as o - oA 1
vogaaiudaszaeiu uazllendunnininuagninnswiuenm Ifiiassas i
ﬁ1qqqmnﬁwmﬁwﬁ’q (Peak to average power ratio : PAPR) 1uszﬁuﬁqﬂﬁ n300193M1

My N imvesAundsvesmduledygiudiuau N gmihnswiudoniyuain

o_ o daa 9

Milaufiu ﬂ'1qq'qmlmf’i15aﬁqﬂﬁmuﬂmmmﬂua:mawmzﬂﬂﬁ"u"lcuunummqn Ay
maiinauniishilégnuegiandaisn PAPR i1y 0 dB Tunsdil PAPR fifiqaasiinld
nﬁﬂwmﬁu"luzﬂ-umﬂameﬁ'm’s’ﬂuﬁtﬁu%ur'im%’nmmﬂmﬁtgapmau1ﬁamﬁuﬁ’rgﬂ4mﬁﬁﬂaa
wordyanauatreaiiiudygiuoumden saudalszdninmiiannsveunseveings RF
matalun1sannl PAPR 1fuqnﬁuﬂua‘luﬂamﬂmuzﬂ;mwﬁqmmsmnﬂuﬁu 3 dszam
nang 18841 Uszinnusnite nmﬁyummﬁ'ngfgme'ﬁ‘ali‘lumiaﬂﬂ'wqqqmawmnadniw 9
Taum1gagavesdyyia OFDM Qnﬁﬂﬁnﬁyuu'hﬂum';z'hjrflw%uﬁu A10819v0uMAlln
#ana1fe M3UTY (Clipping) A1gagaIuTadda (Peak windowing) HATNIAAAIGIYADDN
(Peak cancellation) Uszinniicreafio maiamudhsiadudunsldsialunisdsuudan
Aanaa ludranidedaniaes uuuRimiited fadadnual OFDM fu PAPR filiA1g
mﬂﬁﬁ'ds:mnqﬂﬁ*luarjuuv‘ifupwmﬂﬁ'ﬁﬂﬁq’qmﬁa (Scrambling) Tuudaz dydnuel

]
L

[ [ (] b
OFDM fudduanugundsinanaieiu laudenmmizdauii s PAPR diiqaminiy
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20 v A v T
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L | / Window level |
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2t 4
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0 - i T — Ly ] 'F."
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71l 3.17 ms1¥3u Taddanudygaaal OFDM

PSD [dBr]

_ spectrum
o
Frequency/subcarrier spacing

710 3.18 anlnasunnudvesdygia OFDM #14 32 adurridesiumsvsunazagae

a da &4 o T & -
m‘Immmzﬂnqmsmﬂﬁuu (Threshold) 3 dB iHHUDMYUIAIRNAY
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]
as

fndrwngalunsaas PAPR AN 153 udyg o 110991nA1gegaAveavuInzgn
o_ o g Hy v ¥ =2 ¥ ag = amdy 1 ' 1w =
Sriamuszdugegai ldeenuuyld fadi13EnseTusniiuiii ligennuanuidanail
3 . td
PJaynithadandeniude ievuiavesdygyiu oFbM gt ldimou T dewasia1¥ife
¥ ¥
dyaausuniunieludiueswaz i v BER Inwdas souismsiiouvesdyg s OFDM
Tunnei hidhusaduszilumsiuszdumsesnueniouveanIsunsad (Radiation) d1my
' 3
Argagavesduladss aniuiuladlinisiimerminlulamunaunsizezasznude
@ o & a w o ! v a {
Metramae, dygruduilunisming BER 1uies ietvesilsnduiulaiimmeaude
o o a 4 g ' ' o
Talant Tawesuazuauiis 3UN 3.17 uaasdiediamsannigagavesvuia ludgeg s OFDM
= da 4 ' ' as oo a o i

A20m3 1931 Ta109 uaz31i 3.18 uaanaa sz Indyguniinisvivuas dyaunld
= da
1A

o o aad ' v n’: dy a ] ] @ &

dmiu 2 FAnavudniu maiouvesdyginszegluang lidhaFudu &

a Ao = - d P |

HAAWEYBINITDONUBNNOUMSUAS Tz S 1w Iunivey nansznumaiansandnbo
1adomsldmatinnisdanigegaoenlunizudu enaignideulinmstamnaves
Handudredagnavesnnindyga sz Idmigegavesiidavesdiedndygiaiisiana

317 3.19 narmsmsnfSeuiivudyg s OFDM neuuaznasniinsaamgagaoen
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v
Tunnuilueisdmiunsdamigegaesniiu sxlisunideusudunisiviudions
1304 (Filtering) §1A20819903d Y510 OFDM x(n) gnuSutiNeann1 PAPR dya1ai1Ave

Ed
r(n) ansodou 1aaatl

r(n)=x(n)—Zaje”"6(n—r,) (3.14)

o a,, ¢, uaz r, Ao YA, e uazmsUszIwean1siSuud (Correction) Tufigmiily
Uszgndsudadrdodn i” Tugduesszdunseiui 1deonuuu1? drauualddyaanusy
udagmimnnsesdasdaniosnnudmlugaundnudygyrunouaussziaiu sinc(mT)
A - = - o da  d. L= "o - " da  d

e T Aoa1NgnasnaunsznuuuaIaniamesiAiunIonInNg LUUAIANYEY

deygy e OFDM o ananamesudzgnimualae

r'(n)=x'(n)- Y ae’” sinc(aT(n-1,)) (3.15)

i i ¥
11 3.20 namsmisnfSouiisulszaninmveunaiianmsifiouvesdayg i 3
= ' L1 9 £ " = . o A VoA = [ LY
nldnamudadnedu Fawuhnseiue Ikamsihauianduliodisuiy midamigaga

ponuazAIgagaIuTaios

10

10

7/

10

10

6 7 8 9 10 11 12
EyN, [dB]
3N 320 dasidaunnuAananveinnufiouiu EbNo  dmfuuiining 64 Tudly

AWGN, PAPR Tag (a) M393U (b) M3daf1gagaoen (c) mgegaiulaio
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3.8 3¥UU OFDM
[ Aa' 4 L o o @ - o o
g1 1dnaruudaluidenrunufoadunguiuaznannisvesdyg i OFDM
¥ a ¢ o d a o g4 o 4 ' 4w
daomslemsudasyTwinnduuuuiiwazmsulaTioiuuwmia iinTesauazini ey
o o a - 1 a I a fa
Uiy M TNNIANEINYeITnaIguLazM SRy dIuT YN MU ladde ms
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OFDM finsuduauysel 31 3.21 uanvdenlaezunsuveuniesiy - dadyg s OFDM
i 4 1 ' ' o 4 s 4 o '
Tasfdauduuuiduganissduardiuduaratuganiody vazilodunaiznyins
= ar o = a W a o 4 o
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Witosuniuuuuisalae hiduiludeniivaie lawesinldnu inldawnsoaannugasn
o o y s
Fudeusweaadununsduglnsainieeiyld
[ 4 [ s a oa g = - ]
Tudauvesduniesds dygradunailanudigauasiuuudinnieezgnuis
penALi MUY IYAdoYA (Data streams) NANWT W WAzILUAINADUTILAY Taerihms
115 ¥We (Coding)  1azRINI5I9ATY (Interleaving)  3uTIMITANIFYUVLMINOGIAN
) = 1 s L] J o ' 4 U
(Mapping) iaziimsianludmvesdaanani #galdlunsgalas ludszniuniosdainay
4 o ' - W o o : @ A 1
105095V TuduvesmsulasTwinnduuuisesimihiuasanlaasuanud 1veglugy
Tawuar nieutuimsmvsnnaguuazdiuniuuuwweilesiunisifia ISI uag ICI
é @ an o g @ o {
udrvaih luidhanaulasdyaiunnatneailuowinen nisufiuiinisnsesnnudivedon
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mwizaNudndesmsdeeenminiu luduveuniesiufesinassiudwiumediuds

. Ll
%leﬁﬂﬂ1iﬁuﬁiﬂﬁ'ﬂﬂlw11ﬂ'luﬂlﬂ\1ﬂ15ﬂi')i]ﬂﬂﬂﬂﬁ“ﬁﬁiﬂi'lu%mTﬁu

Random Serial il ) > ™ Parallel Guard
data >t S M [ # [T > Interval
Generator Parallel i > »| Serial Insertion
OFDM Transmitter
. Transmitted
OFDM signal
Guard Serial > g ; *| Parallel
> Interval —»| to ™ FFT > De'(';'a"g;::“"“ " o |—
Removal Parallel o . ) ol Serial Slgral data
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¥
Uiz Temivesszuumsaadagsuiuy OFDM fiasiife
- OFDM NUNIUABNITINMIBUULNAWAIIND (WIANT1 500 us), MIUNINTDA
' o 1 A ' 1 "
sgnindydnyal, msunsnaeasgninnaun uaz hildemsnamemmezanud
¥ aa a a A 9t A 3w -

- mslFamauanuadsedniam diesninveuldiinsmasudiiu lAuaziinis
Fuuudiniuay @Wszua 1 Alaidsa) v ldvesdygunmsvemeuuuuuy (Flat fading)
uaziinsiaouaaed1adn (Slow time varying)

a y a o ar ar LR 9y o
- seafudlFuims Ididus wonmnuazmivayudasmsdeiudeyaninusag
& J 1 as Yo d‘l a
18 Fayuogiums lgdmaunauanud
- s uiludesld@15um (Equalizer) vl liannududouluszuy dawa1d
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wuuE a1
' = o A o a aw o
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4 ar s L 1 d‘ o o A o M o
- OFDM mendesiudasidunundogegavesdids daillgdgymlumsiam

Y0IR VT a1 (Amplifier) YOITTVUINGAIND RE

3.9 unagl

a a 4 a1 & -
OFDM fajduuun3omatinfiryyosnsuogaauuunaiuaaun ooy dewey 1w
4'| a’ ' A @ o ra 3 e e‘; & o @
mMamasudsEnIaaunisesiegaanuld Tasldgumuidvesnmsamindsiuuaziu
Midenselduouanudediafidss@ninmuazimiuduvoonaiguuasduniiuuuig
dawaldszuviinsnumusensysziwuunaieda v ld luifanmsuninaeaduszning
Qs s o
yanval
¥ ¥
dwmsuiiomluunil 1dnandmgufuazndnnisvesdyan OFDM Aawms 1dns
- o s =1 =Y d d & 1 & s 5 o :'\
wasTwswniuuuuisuazmanlasiosuuusInnTeen wanT eI UMNEIAY MY
dauvmonaguuazmsiud il msiuladie msdalag lud msasieda uaz
[ o o =: U 9 u’r’ 9 Y 1 vg e o
aymiaigagaveadingg vinii ldnaruudmmuaduuduaiiuanuiugudaglu
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ASANEIAZIUAIITHAIINIIUYDITZUY OFDM  udluauesaudadaliswaziduadn

= " 0 - Y o é -
wnwed 1 1dna1nfaineinus daaunsofnyimisvazidea ldnnenansdnada [10]
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4.1 NA1INY
a A ) ¥ - ' & = o & -
lueaamsdoms 1¥moez1daveimeiinieadaniisga uasiduiuniiaga nie
- "
P1n¥19195 8N 152U SISO (Single input-Single output) luilegiuiimsdeasiiaali@e
o ] o q ¥ w a ¥ v o & - v g A
anuisaga madsdeyauuy siso mldiiganAanarnvesdeyags AniudsiimIaunIuno
wnaiialumaiuaussous lunsosdanzniosin Tl a.a. 1998 Talimaaueiulfaves
v " v [
mslanefgamunsesdaiiuniausnlau s. M. Alamouti [5] Tauhi Insaad1avesszuuma
inspades1Fmeoime 2 ya uazlfmoomadiuiy 1 ga Arunsamuaussouzlumaiin
Yoy " ¥
lanesaanindinvsiuszuuilfiniesiunuudasgaqa (Maximum ratio combining: MRC)
Ademoemediuds 1 g uazdiniy 2 ya e ldTnsAafunaziann Inssahanwylni
lb ar U 1 o cal - -
FarwnsalFauiugameimadudainnd 2 gai i aunsadulszdngammslfou
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1&agadu LTz Anuguesresdya o ANuTIMIdIiIuYeya (uAw FANAUAMS
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code:  STC) Tawd lufimsiunuudInveadyaiu madhsvauazmsneasiandudou
- tg & [ ' ' @ -]
Wiy e dasaadresendignisend smadhsifaudenuuuaia-1nid (Space-time block
o = ar l:’ J . L] -
code: STBC) [6]-19] uazdaiimsnmuuazduniuiuiiuisoos Tavldiunaiin OFDM nly
Swfumsidhsiauaenuuuiayas-1nds iy OFDM (STBC-OFDM)  [17)-(19] 1Nl
a o ' Y o 4 9 oda w
ansadivaud lumsdedoya 18 Wunazansoaams lduuuain1a uazdediins
Yszgndld ol fimnzaudanatouuy wu madhsiaudennuuaa-wsinaudiudy
OFDM (Space-frequency block code-OFDM: SFBC-OFDM) [20]-[21]
¥
Tuunii sznardamsidisiaana-1nd Alamout (5] Tavldndantednumens
Whaa uaneasia uazdanandamadisiauazaeasiaiiinig 1dmeemanaioya
o’:’ " - W (ndy ' - £ ar = o
nAtusEnansdneuzms laeida Taseznandimsidisiavaenuuyae-1nd ns
@ o ' @ v 4 1 Y
hsauenuuuanas-Tniis iy oFDM uazmadhsvaudenuuua)s-Winauds iy
é Al _ o L s
OFDM #¢'ldnanaunaiauazuien laezunsulumsidhsvauenuuuanle-Tniswdy
OFDM uaz  madhsvaudenuuuma-wWiiniudswiy OFDM Milmatiauazmininu

ata'ls [22)-[23]
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42 sviaades-1niuuy Alamouti

a aq 9w o o ¢ Aa
HUVUHUYRY Alamouti iuglnuuusnRlFfunmsdisauaenuuvmles-Tni 7l

° o‘eay [l o [ = 9 L] 1 dyd
dasmualumslanesgasuds dmiuszvuinldmeoiniadesuiuosya [5] luauiivg

v

& uaue maiinn3 Ao FANISA ALY Alamouti INNAITMTITITHAULY Alamouti
o A = @ Y = - J 4
1AL 0B8R WeliLY Maximum likelihood (ML) Gunaiinnisnoaswa ML tifludnimaiianiian

) ar -] o
f'rul-lsﬂ1”f’ﬂﬂﬂ15ﬂaﬂiﬂﬁﬂﬁﬂﬂllu‘u ﬁlll“ﬁ'.lﬂﬂ

4.2.1 mahsaa)as-1nsiuuy Alamouti

L=

Y w o ¥ oA ' ) - g
madhswauuiive 1Fmeeiniaiiniesds 2 ga Joya luusndanluszuvezgn
@ o ¢ o @ e o o A o W o & Y
wegualudydnyal hdgydnuali ldindafior 2 dydnudife x, uay x, egluglues

[ v
WATH AsauMsNuaaIaaae 11l

X —X,
X :I:xl x'2i| @.1)
2 I

A w o a - [l [ a 1) a0
idlonedmiveawain X Aersnarlumsdedeyauazuntveunainldunudeyahidin
{ A dl . . o -
meoimeaygannilanSeyaiiaos uaz x,x; Aon1sdayAIBadou (Complex  Conjugate)
@ 1 o W o al 1o W o
wanmsfelugrsnadydnual® 1 mwemayausnzdsdydnvel x, sonludimoeima
oz luvmziRoafumenmeaganasszdadyanvel x, eonll Wemndwmdydnual
¥290 2 wemagAusnzdadydanuel —x; oon Y uazlunauRvafumeeimadindes
P ow e U4 . o 9/ @ o i
vedadgdnual x; oonld vdenlaszunsuvesmadisauuuaa-Tnluuy Alamouti e
L i o o ar ' H A 4
uaas 993l 4.1 medmuadidumsdeannameeimaganviansganasslae x' oz

x? muany

S R 4.2)
x? =[x, xl.]

dnuazd Ry eILLIHY Alamouti dziludiduvesmisdadoyariueeInifeIn

3 1
Mo nAd U IreIyA toannAwaguuesdoyalud vy x'uaz x? tidu o

xhox =% — X% =0 (4.3)
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Tx1
X =y —x]
, Encoder .
Information J Modutainr L% 5 oxlol® TH ™2
Source X, X ¥=f x)

g1 4.1 vienTaozunsuvesmsidrsWanuyema-Tnliuy Alamouti

ey o

¥
madhs a3 nazlinueauiianadl

|x,|2 +|Jc2|2 0
0 b +eof

(e + e

Xt =
(4.4)

o I iWuwesnionanbal 2x2
ag Y ] Yy &4 ¥ 4 o d
auuA AN 1S a0 1MARUT UM LIEANIIATUIATOITY vaen laszunsuves
wissfudmSumsdhivanuy Alamouti szuanfazIli 4.2 duilszanyesdyiunisng
1 { A d‘ ar ns. o
W1OINA WO INIATIAN LAz AN DY D0 INIATINIAY ¢ TYRMIMUALAY A, (1)

1
= o =

waz A, (1) MuAAY auudliduszansmanamonsiuudydnysinsdaiiuiang fu

]
=3

¥ ] i
fniuvesdggrairinmaaniuszai [8] Asaunisaa 1l

h(6)=h(t +T)=h =|n|exp(j6) @.5)
hy(t) = hy(t +T) = h, =|,|exp(j6,)
o || uaz 6, fovunauazmain/feu/asvessesdaanu nasmmividwivezimue
A o =) as ::u ' s n‘u
i 7, uaz r, Wodmuald », Aedggraniuldlusiwsn uazld », Judygranivld

v v
Tugrarnass ansouaas ldasaumsaa i

n=hx +hx, +n

r, =—hx, +hx, +n, 4.6)

¥ ar 1 o J y o d' L
o n, uag n, Wudygyiusuniuuuy AWGN fiaduluniesiungasm ¢ uag 1+ 7T

AN
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X X5
*
Transmit h h Transmit
antenna 1 1 -2 antenna 2
Receive antenna 1
nl ’ nz noise
hl -

Channel A Signal

Estimator h 5 | Combiner

uhl y 2 X 1y ux 2

Maximum Likelihood Decoder

! !
Xy X,

51 4.2 wTesSudmiumadisWauuy Alamouti [8]

4.2.2 MITINUAZNTOOATHAUVY Maximum Likelihood

HrdutszAnvesvesdygrunsnemie huas b, aunsediszdiunduinds
130951 minBﬂiﬁ'ﬁﬂx“li’f’%’ﬂgﬁﬁ'lé'u1m1nnwsﬁﬁu&mﬂuﬁmwimﬁﬁyigm%ua (Channel
state information: CSI) auNA I dyaIUNUBYIAANIEATI N130OATHA Maximum likellihood

widendyanuresdyau (£,%,) nndygnud linsuequaiszezindigavesnnin

d*(r bz, + i, )+ d (ry b3, + ) )

=~ 4 - @

¥
NINUAYBIAT £, HBZ £, TUNUAILAUMS 4.6  1UANNIT 47 AITNOATHE Maximum

likelihood LLLAAIAIL

(%,,%,)=arg min thf + |h2|2 —11])?:l

min_ L[] J+ 2R, 5), + d2 (%0 ;) i
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4' n’;‘ v o o .’J A A & A = %l

idle ¢ Whuanavuavesdydnusinmsuegadunsdes (£,%,) ¥ £, uaz X, wgAAIN

asdadulsTasmsihdgaradususuduanmyesdygyiudeoya madaduloszumaas

o 4

Al
X =hn+hn @8)
~ g . 4.9
X, =hr—hn,

1 s ~ = | aa - 9 as d’
unum 7, uag £, nnauns 4.6) lldiaumsi @.9) midadulimeadddouladail

(jhllz +|h2‘2 lx! +hn +hyn,
0’11|2 +l"’2|2)"2 —hn, +Bn, (4.10)

X

X,

o [ ] a fo A . Y] u’: @
dmiuresdayans A, uaz b, WuiliduReives x,,i = 1,2, Aniungmanoanse
Maximum likelihood Tuarums (4.8) sxgausnmisneasiaiiuanaaiueemiiuaesdau

@ lé o d’
#MIV x, 1AL x, PIVTUTAIAIUY

X, =argr£15i(l3(]hl|2+|h2|2—1)£,|2+d2(f,,£,) (4.11)
Huag
X, = arg t}}lé(n(]h,r - |h2|2 —llizlz - dz(fz,fcz)

A

dwmiudaanauy M-psK (A +m D& [,i =12, dumnsidmivdygulugnn e

l& o = = 1 o d’ o o
#9180 sl dusednivesdygrumisiavie drumaiingnisdadulaluaunis @)

¥
seansauang ldaadl

% =argmind” (%)

%, =argmind’ (%, %,) b 4
4.2.3 MININEUUY Alamouti IINAUMS B IMATURMEYA
maiinlAeFAILY Alamouti anunsaldmeeimennnimilegs iNomuaussous

Tunslanesda Fuaaalugilil 43 fiadosdeszldmsdhsiauuuduioaumsi @.1)

faudumalunmsdadyaruniisuiiuraguszn e aumeeimadiudaz U

meemed sy edyanarusesdygialiiniosi v ldddeauns
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(4.13)

MNTUMS 4.13) A1 7/ AenTesfui J 185udygrelugiwiausn uaz 7/ fie

wiesiun J 18Sudyaluswrandes

Transmit Transmit
antenna 1 antenna 2
\
eoe
y u. ..¢ A ‘ \ A
Channel i,j Signal
Estimator Combiner
Y hi.j X Ly vx
Maximum Likelihood Decoder

'

~

X

v

X5

v ¥ '
71 4.3 matinlanesFAuUY Alamouti N1Fmeeiniada 2 A uazmennAsy N, %A

4 o C: y ar ot ar 1 e
Fyaraniuldamuassi s wiuiimiess wdyuudies Iddyaudde i

X, nih_:.l”lJ +h_:.z("z")*

ke
I

= Zﬁl |2xl+ih;.t"!j+hf.z(”5)*

i=l y=l J=1

o B J*
xz-iz’l )

=1
= ii‘h; x2+2 h, ,n —

i=l j=1

()"

(4.14)
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YoM MUANIIABATI ALY Maximum likelihood dmivaosdagauiiudassiu x, uaz x,

a/ d’
LAAIAIY

%, =argmi ("i:ﬁhllz +|h2|2)'—1).i'||2 +d*(%,%,)

e Jj=1

n (4.15)
%, = argmi (26"’1‘2 +~|h2|2)—]]|5c2 '+ d (%, %,)

.1’25 j“l

¥
ot =

dmiunsueguEanuy M-PSK  dygnaiimuaniiiidanuiiniiiu ngnisaeasva ML

(Maximum likelihood) vz auyanuluns@indiceeMATUYAIRD LAAIRIANMT (4.12)

¥ d
4.3 dnyazmainsvanuyae-Tn

faa . e v P a2 9 ya

113 lanosdanuy Alamouti  Ainualimesiniadudliaesgansd TalAiingg
o - 1 ' = ! Y w o o
Wannszuuildmenmeadannniaesye Gonhmadisdaudenuuuaile-nd (STBC)
¥ .
(58] mahaa STBC ez ldyadeyaniay km daorinnvegqan i ddydnual
o o ar J 1 fd 1 =3 1 o s
fmugluuuvesdadnuaivusgiusianisuegian 15u 160AM 144 dndodgdnucl
o q‘: s @ = o o a o_ @ ar ! o @ o
dnfugtiuuvosdadnueisziiimon 2 dydnual idgdnuainldlidwaensiaiiaz &
dydnuel luszoznawiiy p ¥rena swnsedalieglugdwainniivinamiiy N,
wpd ez p Man e N, Aedwiuawemaduds szuusrdidyguiumeeIman
ganfouq mu Tasligduuuaudimua Tudnawndy p a1 dunueanuilu
¥

Franawiiy p sruvdidydnveioonliviiny & dydnual dniudasimadisiaves

STBC LAWY
R=kip (4.16)
uaeiifnlszansnmiFaan)ansy (Spectral efficiency) ¥93n151915Hd STBC Ay

n=km/p bit/sec/Hz @.17)

msdsauuy STBC il Tnssardeedndedwanalugili 4.4



49

Space Time
Modulator » Block Encoder
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A

1 & 4 { ' '
g 4.4 madsiaudenuumla-nd niilassaieedisde

m3idswe STBC awisanriteeniilu 2 siia mudnyuzveadyanyali lAanms
woqian S1szuyldmsuegraamausu/aganie Ask dydnuaii ldeiiuimouia (s
o ot

waz fszuuldnisuegaamananie psk nieuuy QAM dydnualii Idviilusiau

Fadou  lavsznanoeswazidealuridedaly

431 madhsaudentuvaa Imidmiudadouaifiiusnousia

f‘hw'{umiﬁaﬁ'iytymnzﬁqmm'lﬂ"luﬁﬂymxmm?nﬁwmwhﬁu N, xp 1
dyanuaiduminy £ dhandagduuuuugianm g8 1nudranmids ety
snaumuemeds sxi ldwaindudindouegia Fuinspiliszuuiisasnsdhsia

qagatiuAe R =1 dwaasluaums

Xz{x' _xz} (4.18)

vnaumsi (4.18) iWuszuuiimeomeadiao uazauns (4.19) uaz (4.20) Wuszuunly

AWDIMATAUNIND 4 1AL 8 AIWAIAY

X, =X —X -—X
X X Xy X
X, = (4.19)
X, =X, X X,
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(X, =X, —X, —X, —X5 —Xg —X, —X]
X, X =X X X X X =X
X, X, X =X, —X, —Xg X5 X

X, = X, =X X, X =X X =X X .

X X X X X =X =X =N :
X, —X Xy =% X3 X Xy —X
X, —Xg —X; X, X, —X, X X

% = -x % ™ & =% X

o W o

4 = o 4 4 o 1 @ Cs
vnaumsikanimasagluuudydnveliuimaougia dszuudeamsds 4 dydnwel

o

wazficuemede 3 ga szdnalddienar 4 Melumsdeaniodadoyaldmuaumsi

(4.21)
X, =X, =X =%
X=|x, x X, —X
Xy =% % X @.21)

d‘ L) 1 a z @ é =
mnﬂnm‘mmuu11maxumummmmxﬂ"mmmnnu PITTINT ﬂWQﬂlﬂ.ﬁ‘iﬂﬂﬂﬂﬂ'ﬁ (4.22)

Xyr Xy = (215, i J’ wT 4.22)

i=l

o d

Vv s o d o w s a ° a v
432 mavhsavdenuvvanle-Inidmiudyanvamiudmausaen
E @ d

msdrs WALV Alamouti gaditisdaninmsidsaudenuuu e Tndsuiy

¥
Ay audaroud 1M iUT D INATINDIYA WATNNS TIHUILUAAIAIL

X = [x' N xl} (4.23)

X, X

1 v
dmsuszpunldmsvegaamana sxiidgydnualiuinoudsdou dniuns

9 a = o o At o a oy [ 1 d’.‘
Whsvimziizluuvvesdydnvainiidegaidedou Avaumaae 1l

Ld * .
X Ry =y =X, X Xy =X, =%
'”2 — * * » *
X =lx, x Xp =X X X Xy =X

Xy =X, X, X, Xy — X, X, x2 (424)
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* * * L
* - - -
XV X, X X, X X X Xy T
4 = - . * -
X, =X X X X =% X X
. - * * (4_25)
X, X =% B % X5 —% X

aumsh 4.24) fiemadhswaidas % (8] ilel¥muoeimedsiiam 3 g 4 dydnuaiuazld

]
1 s =

$aaa 8 ¥ lumsdadana uazaumsi (4.25) Aemsdrsianons v iieldawerna

@ o

deduau 4 e 1 4 dgydanual uazldraann 8 Faslumsdadyanm szuunldda 4 wil

v
daa '

¥
aussouzlumslaneiFagenimuudasisiamiiiy 1 dsiuTanmnzdunsuoganlu

TRV 19U 32QAM 30 64QAM (Tludu

4.3.3 f\'l‘iilﬂﬂiﬁﬁﬂﬁﬁﬂllﬂﬂﬁlﬂ“ﬁnﬂﬁ
o ar a a ] [ ' = o td
wnsandulszansvesvesdygiu 4, (1) fusinai p dgydnval

(4.26)
h()=h,, t=12,..,p

¥ y aL e v 4
MINMINDATH LYY Maximum likelihood ﬁ]zlﬂﬁﬂuﬂ‘uzﬂLIUUHUQ‘UQQHTJUHN'N

A ot = o a ' s ar
Alamouti  dansaadamsdadulodmiumadedyaio x, Asauns (4.27)

Ny N
3:-'r = Z 2 Sgn ! (l) ) r:j ' h_:,e,(a) (4.27)

t=] j=1

d o ! o o
ife N, Ao uaumeninediuds uaz N, fesmaumenimadiusy

s¥Wa STBC au13nneasialasnssiudyaisusuduiniosiy uazldanlszna
Foadayan naunsi 4.24) Aeszuuiildmeerimeadaduon 3 gadaaludan %

amusoneasia lddaaunisi 4.28) Wedmuald »/ Aedyanmiiniosdun j Tugianm

"
o
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N

=

Jir i i P J % J ¥ J * }
) R WY TR P A P

1
N
T IL" 3 Ay J % I % E
= p3x|+2{n|h1,+n2h1‘2+n3h113+n5 h,,+ni*h,,+n; h;.J}
J=1

-
L[}

v It e J % /% J %
{ir'l h_,_2+r2hjl+r4hh3+r5 h,+rd *h, +rg h;.J}

J %k 1 % J %k
h,+nl*h, +ni{*h .}

N
J:
3t 15

N
= p3x+ 2 {”lIh_:,z + "z’h;.u + ”Jh_:.
(4.28)

J=1
i g i g e J *x J % J % }
{r, hy+r; h], +r; h,.2 +r *h, ,+r; hj', + Ky h}_z

3‘2
Il
g

J
N
— P o I A 752 J % J % J %
= o A S A ik e nll 0l Xk kit b nd *h,
J=1

N i P /* A J * J % J % }
{rzh]’3+r3hjz+r4hj.,+r6 hs+r/*h,,+r hj'l

N
Jj=

Ng
i i o 74 A J % ] * I %
= PaX Z nyh,,+nih,, +n; h, +ni*h,s+n;*h, ,+ny hj,l}
J=1

2
|h""| (4.29)

N
J=1

pa:zii

i=]

' Ed
e ldd 5,,5,,5, uar 5, udrmmusoAudydnvaldiedimeTandygiauuuiuanua

210 (Orthogonal Restoring combineing: ORC) AITUNIT (4.30)

$2 = 7w, ,
2 h,,|
i=l j=1
- 53 (4.30)
3 Ny Ng 2
:2 :E:: ’11.r|
i=1 j=I1
" 3
— 4
Sq = Ny Ng 2
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4.3.4 mahsaudenuuuany-lnisamiu OFDM

383 Waudenuuumle-Tnfsaudy oFpM #i 18gninnldl 221 sziduds
it 45 dvl8uameguuuvesmsidisiaudenuyumala-Tnisuiy oFDM N1A T
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wgminanelu [20] ie " s muveantsy

(4.31)

X,=[x, Xy o xzk]

4 [ [ 5 o o
dio X7, (k) du msdaihvesfoyauuimnu k" aduwides uazsniaumeent n,

X
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o XX
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Block Codes

.

Block |-
1sp |5 Ty

IFFT PIS —» Gl

.

g1 4.5 Jivvvesmsidsiaudenuuumle-Tnis iy OFDM maduds
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X'\(k) X7 (k) _|:x2“ xn}

1 2 - . .
,.z(k) Xf,z(k) — Xy X (4.32)
% L% a 4‘ L r
4.3.5 msnsviarvdenuuvas-WIin I3 wny OFDM
s =1 =1 a o o
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MweIMAEs 7, YA Nk ATUNYGEY LAz m” OFDM doydnual A99zuaasfITunIsh

(4.33) [21]
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o

aanuniulduansldie
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D.[2r +1]H, . [2r +1]-
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¥
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(4.34)

(4.35)

(4.36)
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Scattering
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Small Scale Fading

(Based on multipath time delay spread)

Flat fading Frequency Selective fading
1. BW of signal < BW of channel 1. BW of signal > BW of channel
2. Delay spread < symbol period 2. Delay spread > symbol period
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wioafuil ldnaeiiema e dyanaudazdiudinesdeiu ludumaniiszeznie hiviiu
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LY - o 1 o 1 & :‘ﬂ. 1 - o -
Tnvziaunetenniy 185 luvasidygradiuduninsannsznuiurivesiaquaziie

¥ ¥

msazfounarsaininziaunatimaiy dygrasinez 1dnaimsunsniznenen
a1 anwardh lumsiaunivesdygrauaazaiune IdinailyminiGeni msunszi
J ) ] 1 9 a = [ ) = = o
(Delay spread) ¥ 1iufedya auuaazdiuldnanaumadaganueluminu Tuaneniinus
u‘lﬁwmsmmmamnsz..,Nﬂan‘lﬂmm'ﬁmq;1mmmmuamﬂsu Feludauvesnsnszany
N149781 (Time dlspemlon) uummmm"amﬂwTﬁuhwﬁmmmmiunﬂ mmauuﬂmm
flsgSuRueen llnnainanduniennasueia1liz3a (Mean excess delay: 7) uag
L - J ' ) n’: ar Y = @ 4
M3AH15E39 RMS (RMS delay spread: 7,,.) #amaiiiaesii 2 milgnilo ideaunmsh

(5.13) uazauMIn (5.14) Aua19L [16]

iafr, iP(r, iz
— =l

n 5 ~  n (5.11)
e 2P(n)
i=1 i=1
Tasn
- - 1 ai =
T fin Aundvveananlszia
A o o -,
a, Ao szAUveIdaaUdUNIIN i
o a da J o -,
r,  fe nanszininaduvosdyg audunian i
P(z,) e szaufhdsnuvesdygranduniai i
dmiuamsui)sy3s RMS dueziiiowde
g —\2
Ty =yfT —(r) (5.12)
Tauh
n n
o a’r’ P(z,)7}
2 _ =l =
A (5.13)
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563 BATEIUTYY IUADAYNIMIUNIU (signal to noise ratio: SNR)

lumsdems 1¥molaeia T szduvesdyguisylduazszduvesdyanasuniui
Lﬁm'fummmuﬁmaanmlugilﬂaaé’nﬁﬁauﬁ'iyq;wmiaﬁ'tgmmmmu Favziiu
wmsilinesfuawenideguninvesdygiui 185y sandiuvesdygadedyguninse

fuan1dn aumsn 5.14

SNR [dB] =20 1og,0{L] (5.14)
A, (n)
Taui
A feuguildgavesdoanaiisyld
A, (n) omumdouenldgaveadagmsuniu (Average noise floor) 5114
5.7 unaqy

I} o = ! @ o't A a
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v
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sTUUAoMIUAUNI VUFDITYYIUMTVINIOHDLADNANNDUAZFOITYYIUNITINNIY
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: ' o £ a 4 o & a
MEUUUIABNAMUDLALFOITYRIUMITNIMIBLDNIAIN daugaioiiudunieaiy dal
[ @ A o 9 [ 3 W -] ¢ A

dauilszneudiAgfemsandoyadiunmihuuuiu msneasavasnuuuaa-lninienms
poasvaudonuuumls-Wiinaud msdudwite mIneasiaresdyu uaznmniwoyn

1) Y 1l =) d‘l @ = = é 9 U = 1
WNﬂ'I‘NS"IJLmZﬁGN'II.‘I.EU"IJmUUlWﬂﬂ'\ﬂﬂ‘i'lNﬂWﬂ’lﬂ‘lJﬂ “‘INﬂ$1ﬂﬂﬁ111u§1ﬂﬁzlﬂﬂﬂﬂ81ﬂ

v AV 4
Channel

Y Y

Transmitter Receiver

31 6.1 dmlsznevvesszundeas laonaly

9/ o
6.2 MSAI MUV
a =Y e"dy yq = o F1 o o
Inetinusy 1A 1% llsunsunsunaaes w1 1% lumsiiaowuumsmauveszuy
¥ v 4
NINUALATUAAIHAYDIANTTOULYBITZUY Taonis§iassuyuiioguuNug uYeesz UL
o o s o u’: el: [
IALUUA (Baseband signal) MM IT1a0auuVYeIszuURanuaiuansauLseeniv 3
] [ Y - 1 [ @ 4 ar " - S -
dudail gansoans Yeedyauua AT oady Amaimes nldlunsdinievizuuey

HEAAIAINIT19N 6.1
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M319M 6.1 A3Twesa1eg lumsiaswadmivszuumsdemsuauni

msiaes f
ﬂ'.um?;ﬂ?;umﬁ (Carrier frequency) 2.5 GHz
A 1UA (Bit rate) 75 Mbps
munawmﬁmﬁ'ﬂmf (Symbol period) 136.53 us
mMivogian (Modulation) BPSK, QPSK
ﬂ‘J‘Inaﬂﬂﬂmﬁﬂ; (Doppler frequency) 12 Hz (5 km/hr)
YU1AYDY FFT (Number of FFT interval) 256
mumvm&hmmms‘ﬂ (Number of guard interval) 64
AULIA1YD3 BPSK (BPSK period) 170.66 pis
AUIN1VDY QPSK (QPSK period) 85.33 us
$1UIUVD93D (Number of path) 4
AMNNIAAT19n131 523918997 (Power delay profile) | 0, -10, -20, -25 (dB)
1281013152739 (Exess delay) 0, 40, 53, 66 (nsec)

6.2.1 YAINTRIAY

2 : w - ol 3
Tudunouvesnmisinsuniesdevesszuudomsuuunounieszuaasdagili 6.2

]

Vv [ ' v v v
LUAAITUADUNIT D10D9UDITLULNT oIS Taunausauaastunoutly 6 Tunoudail

Random data Channel STBC-OFDM/ Cyclic Prefix
generation Encoding Mapping » SFBC-OFDM » insertion
Encoder

! =] 4 1 4
3U1 6.2 uaen laezunsuniesdvesszuums deamsuuuuouning

- msadgadoyauuugy (Random data generation) gnfmua lidlumuguasniv

- - U

) " e’;‘ & 4 a [l =1 [
fAoditieIA1 0 U 1 mniu Fagadeyan 1AnaINn15qu (Random) wazlivuiamiiu 1x

A A

3
iie n fAemvuavessuudeyanimua

- M3sHa¥09d5yg 10 (Channel encoding) Msidsiasosdayg i Tuinoriinusil

Tadennmsidhsavesdaaia 2wy Ao
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1. madhsanoulagu (Convolution Encoder) Wmhidsvagadoyaquiiie
Hosfunnuidorivvesdoyalunsdinifadyyrusuniu niedygimuunindenlasmiy
A o vy o M v & oA o ' a = de 1%
winsiuansaddeyanduiuin lasmsneasvadaiiogna1ods ua luineriinuiiey19ms
poAIHALLY Viterbi 39117 lufinnuiuiudesdesve lMinsesdauievemsdedygya

> Y 1 -

vl 1mi dniumsdhataneulgiutedeiudusiaildudnnudanarnlydheamiiia
&4 ° o @ . - Vo ™ 1 a -

Wila (FEC) Taofimuan111e12810@ (Constraint length) IAWMIAY 3 59 a tage1Ina Tuidioa

f11IA (Generator polynomials) VWV IUERIRTAWMIAY {111,101}  wio@ugiuuaiin

(7,5} Tavfmuasasimsdnsiadeyaniny % dweaslugy 6.3

-
C‘/ h Symbol coding 1

]
Vi

o
Input (Bit) ‘ﬁ’ Output

°
V:2
Symbol coding 2
" o LY a d‘l:l o ' as
gﬂ'ﬁ 6.3 Uﬁﬂﬂiﬂﬂﬁllﬂilﬁ]ﬂdﬂﬁl‘ﬁﬁﬂﬂﬂE]‘LlI’m‘h’u‘ﬂﬂﬂ']'lllﬂﬂil‘lﬂﬂm‘]ﬂ‘ll 3

£

2. M3 AYoId gy 1LY Reed Solomon (RS)
a o 4 ' 4 4
n31d1 3 auY Reed  Solomon  1iun1sidhsverdi lai l&iflunuy Tuun3 dail
a i a J 2 ™ 1
anuminlunisud lvanudanaaiifatiulugadeya Fuilugduunialliignldlu
9 @ e & Y =] - m = m
szpumsidsHandelosiu vinavesuaenie n=2" -1 Tasiimwisngnueisein 2
td
w30 2" —1 Srwudyaavesmiaszdealdmsud lvanuranain efo n—k = 2¢ uaz
szozMaiIng d,, =2e—1 msneasia RS wzdesldh 4, Hvuendeluyng ms
' ¥
WhamFadu Taemsdmiaes ldmdadene T
- o & o P~ o
Galois field v iianuaziilu Primitive polynomial F39zU@AIAIAIT19N 6.1 uaz1di
o 3 = " oas a 1o 1 q’:
madhaia RS(15,11) Aelleiiduyamiidu 11 uay wwiwamidy 15 Taoneuniniuld
3/
MruamwstinesAasll fio m=4,n=2* —1=15 uaz k = 11 mud1Ay
wasnin Tdiimsidisiaresdygraud devhiain ldidswauda T adunn
& by ¥ & 4 EX il oo g
(Interleaves) tWoud ludoranainvesdoya Fuile lavinmsaduaumdideyadiudouriuan
mwsnandasiRanaIadaduiiiessinmsnenioguuse1d mineasiadeyaniuisorae

neasvadeyaldlndifveiudeyandanunnige
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M319N 6.2 ANYUZUDI Primitive polynomials

m Default Primitive Polynomial | Integer Representation
1 D+1 3

2 D2+ D41 7

3 D3 +D+1 11

4 DM+D+1 19

5 DS+ D2 + 1 37

6 D6 +D+1 67

7 DA 4+D23+ 1 137

- MISUNNNG (Mapping) YoyaiignidisWaudlszgouiseenaunguiviuinves
M3ueIAA (Modulation type)  uaziimsulasdoyafunvguaeaiiuavgudy
(Binary to decimal) tWovimsuiiwiuavgwduldegluzilvesaisiwazatuanin duaas

o Aa o = N ¥ o " P
lumisianes ma‘lmmuwu{ﬁ'lﬁ'mmimaaamsuagmwaaumu fio BPSK 1102 QPSK

M3 6.3 M3uuwinagadoya

gAY BPSK QPSK
0 1 1
1 -1 J
2 - -1
3 - i

- Nusuaouiszifumaiinvosmndisiaudonuuuanle-1nifiiuiy oFDM
(STBC-OFDM) tazmsihsiavudenuuvanla-wiinudsuiy OFDM (SFBC-OFDM) Tay
Fumounts1gimaiinil&na i@ luundt s Fuiudiunisvesmsidinainlanesaa
duds Tamiledoyaogluginiaazmiuanin Suiheildhnsdsiauuy stec-
OFDM uiag SFBC-OFDM mmmmmumsm’hiﬁfr'uEan%qfuaq'ﬁ'uIﬂ‘im%'nmummﬂmq
Fudaazsasimadsiaduanluaumsi (6.30) 31 (3.36) Tasdoyautisoonidugag

° & o - o v ' gy 4 A4 ) o
ANV TUIUAAUNIHUDY 256 AAUNTIHUDY ‘ljﬂ‘llﬂi]qﬁ1ﬂﬂﬁzﬂﬂﬁi'Isl\lulﬁﬂﬂ'luﬂ'l'il‘ll'ﬁﬂﬂllﬁﬂﬂ
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] i
= 3

duiiGeudon G?ﬂﬁgﬂ%'agmflﬂsN“lm.iﬁqxﬁﬁwnﬂﬁauuﬂm"lﬂv1mﬁuﬁ¥\11u§ﬂmawmmmzxﬂﬂ
FameluvdeniidaimsulaaSioTnnfununis (nverse fast furrier transform: IFET)
niangadeyarumadstaudenduiiGouieoud srgminnrmusuasuveamsilag
Wawsknfuuus lumsdioTouda1d8r1smnmnasg v IEEE 802.16-2004

- M3IAY Cyclic prefix ABMIINNAINMTILVIUNTF291981M5A (Guard interval)

1iO¥waAn ISI (Inter Symbol Interference) 1AUUUIAVDY Cyclic prefix Ianaaslumisiei 6.1

6.2.2 YA I

] ¥
yoadya v Imsuldsuunlanasanamiglvesvuiauazia dimfunisiiaes

3
s o' o

] ar a = o 1 = s
youdgg s luIneinusildsesdygrumsuenuasuusda luvade 5.5 uazdalimsld
= 1

ﬂ"l'iilN?ﬂUﬁENLﬂJUﬁ')UﬁUﬂB mmﬁ'agtymmi VNUIWLUULUUIUY me‘ﬁmﬁ'iytgmmsmq

- e 1 = a1 o w g o
wiwLuuL@aannIUD Tﬂﬂmmimmasmqmmsnmum'lﬁ'mnm‘ua 5.6 114“1.!1‘]71 5

| 1 symbol duration

Guard | 1 FFT duration

' 3
v

3
y
A4

Symbol arrives

Direct path

" multipath

™ multipath

3" multipath
C; o ' s
31U 6.4 MmidnosvodaynIn
P(T)
" i?‘ i‘ 43.48 ps
*14.62 s
q0dr T s A
20dR T
-30dR T - I T
0 143.36  146.77 150.19  (us)

Excess delay

311 6.5 mwmihdadianissgieidanuvesyosdaygu



74

;ﬂﬁ 6.4 LAAINMTIINDIFDIT YD 10! %aaimﬁtyimmﬁmumﬁmﬂﬂu%ﬂmﬁwuﬂﬁ
Mms$ianansnanisyesdagia 4 Ioalviu TaouaazIitezlimnsdizianauazms
Jszdamdanudsiduaaslumsad 6.1 uazglil 6.5 Fusramnsosnonamadisg 1
qunsluriate 5.6 Taofidie Idvimidnnaudaes 18mnmsurisy3a RMs damitldna
Zua Tasden/Souifivuduaidasnawesdydnuel sziudmimsurilszis RMS oz

o Y

[ @ o o & 1 & ' =Y o
WINANFRINTAYANHM “UQlﬂuﬁ'JUHuQ'Uﬂﬂﬂ']W'li'lulﬂﬂﬁYlﬂ'lﬂﬂ.lﬂ'll‘]fﬂﬂ'ﬂ'mﬁu’]mﬂ'\iﬂ'lﬂﬁ1U

HUU@NANG

o,=43.4811us >T (4.26615)

6.2.3 YAINIBIY
. [ a =] o @
wm?aaiu'azﬂ's'“naué’wmmﬂnujsw{uumﬂ fneasvaudenuuvdnla-lnl
wiomua-wWiinaud msfuumning mnamnmmmytym uavmmmvgmwaﬂﬁ)m1ﬂ1am1

ﬂ'l'iﬂﬂﬂﬁ1ﬂ1Jﬂ‘i~H’]Nlﬂiﬂ\1‘iU llﬁulﬂiﬂ\iﬁﬁ umm'imamm‘smsuuummmmammu

|

vitenlaezunsudagilii 6.6 Fafifumoundnvesnnie s Suneudail

Output data Chanqel . STBC-OFDM/ Cyclic Prefix
<—| Decoding De-Mapping le—{ SFBC-OFDM fe—{ Removal
Decoder

0 - .
UM 6.6 vaenlaozunsuniesivvoszuuMsdomsuuuuouning

as . s 1 Vv ar [ ¢ A A 9 @ o
- M3AA Cyclic prefix iTumsdadumnuuIvvesdydnuaivenz 1ddoyadudy
] ' ' @ = ar = Ll ar
udltsvzdane lUds vaenmsneasiavdaenuuuae-Tnilsuiy OFDM uagaia-
W31nu@s iy OFDM
ar a a1 [ - [
-m3neasHavanuuums- 1ndswiy OFDM uazaias-Wiinauds iy OFDM
a G:I’ o @ o o A”A = o o & g [ a [
dandeaiuiusudvusnluvdenilie msulasyfSiwsuuusi ddeyaudazyangndieen
nnasesdsru ldsresdygrumuiugavesmeomasiudandouduinadyy i
A 1 L] ar ar o ﬂ' L ﬂ”
sunaudsiiogluszuuudruindigameeimaiy dygiui ldvsgariuiuaeuyeans
a o d daq 1 A4 a & 1 A gy M a A da
wlaafTwsuuudi Faludmnmudnivezgnaans luime Idmdeivendunvnussgdae

E 4 Ed ] ]
mniunmindnhdyanui 1 loeaswaudenuvvamile- Tnduaganlas-wiinaud



75

o g a LAY Y e S 1 o = a
- msaudiwiis M ldndsnnmsuSoudsuainingilugegassgminnfuumi
Taomsulasugiannsnnuddouniinesaazaiduaninliegluglinugmduudten
a T A ac Y o 4 a a
amsulasavgmduldeglugilyadoyanugiuass Fanssuitezasinudwiumsuliniian
Ténarudadhedu
'Y 1 ar a = Jﬂy 9/ ar o |
-msoeasvavesdya luineidwust 1dldmsoeasva 2 uuudenufe
w . & w £ W
1. MIneAsHauuY Viterbi Fuilunisoeasiauuunilsiiamisonoasiavesnou
o a @ o a d a o 4
Tagiu 14 Taviindasninldgadeyamuguaesidiunmsauinianuds gadoeyadenaiies
gnooasa lavlddanesiiuuuy viterbi 1iveld 1dgadoyasindunuin nielndifiveya
9 = -
doyassanniga
2. M30DAIHA Reed Solomon (RS)
m3neasna RS Taon Tz 1ddanesiuiuana1anu 5 uuy danesiuusneziins
o ' - 1 ) o adg o a A e a8
A 2¢ iludues S, dulasy danesiuiiaesuoinisnoasia RS Avdana3nu
4 ° &4 4 a a = a a o
(U1 Berlekamp-Massy B9z 1uauiunauranata Ind Tudiva o(x) Tae Tna Tudivaiioy
Q'I J 4 =) " ar 0 d' o A L) A
Wudanduvesiuianudanaraluaisvadin1asy r¢) ualilduanslaoass &
@ w o LY ¥ o o Y a a 1 = o a A
dydnusivessvadimudusuesi Ifinannudanaiald denfszidludaneiiuuuy
24 0 - & 4 4 a - ! ds as o
Chien #39zl¥fmrunnuAanaraluiuimmizinasinanuianataiu Inad Tuiliva
[ ¥ ]
daneTiunalunisoeasiavziunisdiviudvuiaanuiawaraluudasWui uay
v 14 v ¥
daneIiugamosziilunisildideAanarafiuiinsaeslusiasimeduivuazvuiaves
9 a ' J P a o k1 4’ ] v
doranmaluuaazuin msud lvdoranaianazgnaiieliu ileninugndes
) ¥
Tagnouniimsneasiavesdygruilszdesiinsaduaidoya (Deinterleaves) 11
avuuuiluduAy
A ar L] s y o w‘ o
- doyaing iodoyagnnoasiavesdygauiethdyapaavguasanduium
¥ ¥
nmivdnihdeyaignoeasiaresdygraudnihmsnlSeuiouninidasiAanaiaves
= L] a4 o = o L] A
iia TashgadeyaniumsaeasiauudulSvuiivududeyanisduds iemaussous

voeszvuNHdszansnmlumsviauenals
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6.3 unayy
v '
Tuunii 1duaasdsnisesnuuuszuudemsuvunauniiei 148198 smminasgu
& o _a ar =] o .
IEEE  802.16-2004 a4 '1dividmisidrsWavdenuuumda-Tnd uaznmisidrsianden
- d & e ., : ‘
upvme-wImud el Sulljeaussouzavesssuuldatsdu Tsunsunounames
¥
aniun1dlumiseenuuuiimualidsilunisadreagadoyagiuaes madhsvauas
@ 1 o o) ¥ Y o o Y ' o =
aoasHavesdyy i TaolunilldldmsdisianauTgiunazmsdnsva RS yoadgyg i
- | TR
fMINIMBLLVIUUS IUHA FOIT YR IUATNT1IMITHULIABNAIIND FIBYUUNUF UV
o o oa Ay ¥ o n‘: o = a o
szvuanpua dszaniamin ldaninmidinenivezgminufSoumesuluglddnavias
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L o
7.1 1IN
cly 1 - = a9y = o é
Tuuniivznandwamsinszidoyan ldennisdiasanavesszuumsiemsuay
b d v
=) o e ar W 1 d
nha Tasiins ldmaiia lanesdaunuyldmueermanarsganameduivuazmedudadail
nsldaeunniindleiufe  mALAYed STBC-OFDM  uaginaiin SFBC-OFDM  Uu
L) (-3 H 1 -] L] o 4 H ] o
FoadgauiuanA1eiuAe FoedyRIUNITIMIBHDNINIT LAZFBIFYYINNTINNIY
A = & ° : Y = 9/ P - an ¥ o - o
wuuidenaud swuvsiaeniuldesuieludr luuni 6 vimiunlavinisinsizv
UsLANENINVDITLUUNITADAITUAUAI IV UNITINADI NUANAIIAY 1FU TIUIUVDI
o [ o ] [ ar o ] o [ ]
MwIMATULAZ A I1UIUFUNNHIUYDITIT YR Io LUUAINTDIT YY1 YoId YRy I

9/ o (] af c‘ a Y o a d.A;
wazmadhsiasosdygruni vlssaninmvesssuuavu

7.2 WamI I

Tuineniinudii naveIMstiansszgnuanslasldlsz@niniwuea (Bit Error Rate:
BER) 5¥313 STBC-OFDM w10z SFBC-OFDM UM¥0adaygiain1s91amiouuuianadi uag
Yoadygrauniseamisuunidennaud dmiusesdyrunisniesnisuuuiingd
Foadggmeznldvunasluiiudaznguvesdoya Tastisuoumoeimameduiuans

gaLazi U@ wnIMARIUdITDIYA

721 wamsnRuuienlszansmwues STBC uax SFBC fildvinaueiumaiild
9199491u [31]

luiadois 1619 mTmesAgesaluenmsdredad 31 TavldimsnSoudioy
sz @nSnmyes STBC uay SFBC s Idvineneludneiinussusz@ninimves STBC
e SEBC i luionmsddait 31 Sanisifimeseeit 1diimsins e luiadoi Iduaasly
M3 7.1 wagIdiwindimesiumiinisinessaienioufioulssAnsnmues sTBC
war SFBC 18 uauedunai ldvinena1sdredeit 31 Ui 71 uamamsulSeuidioy
Usz@nSnmues STBC #é1edaluenms 31 uaz STRC #il&naue Fenngilaziin1dh

UszaAnsnmves STBC N Idinauelicm lndifosduuinduna STBC 7 1a919da B luenans
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a  a

mIfSounouysz@nsnimues SFBC fldinaueduuas SFBC 1 14913949 zuaas
Tz 7.2 Taseziiudnlszd@ninmees skBC #ildinauelinnlndifivaduilsz@ninm

¥4 SFBC 911481394

M31aN 7.1 Aaiimesaeg luenasdradan [31]

AERICEH Q)
Number of Tx Ant. 2
Number of Rx Ant. 1
Data rate 1.778 Mbps
Number of Subchannels 256
Symbol duration 256 usec
Cyclic prefix 32 us
OFDM block length 288 usec
Modulaiton QPSK
Doppler frequency 10
Channel bandwidth 1 MHz
Number of path 2
Delay spead 10 usec

' T T T T
s

Average BER

Eb/No.dB

71 7.1 manfFouiouilsz@nsamues STBC i ldiuaueduuas STBC #ilde1984 [31]



Average BER
3

w?

===== SFBC on Ref (1]
—— Proposed SFBC

|

EbiNo,dB

15

71 7.2 manfSeuiionilsz@ninmues SFBC M Idinaueiuuag SFBC it ldp1adaly

ANNY

1PNA13919999 31
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7.2.2 HaMms IR IzHUszanEnImues STBC N 1INveIm g IMAlaZ1MIUION

Average BER

-
on

-
°|

T fffl-'ﬂ]'

10

10

-

flllll’

T

T T Illl”[

T T IHlll

1Tl

—— uncoded
—+—2Tx 1RX ||
—©—2Tx 2Rx ||
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Abstraci— Ground reflection (two-ray) model is one of the
propagation that can be employed with various systems for
wireless communication. Consequently, the WiMax system above
ground reflection model is proposed in this paper to evaluate the
path gain, received power and the performance of the system.
Two twenty-five meter-high transmit antennas and two one point
two meter-high receive antennas are used in this simulations.
Moreover, a space time block code (STBC) in OFDM (Orthogonal
frequency division multiplexing) is used as well. In this paper,
the path gain and the received power are proposed for ground
reflection model that depend on various parameters. For different
frequency, the path gain of low frequency is higher than high
frequency.The path gain of ground is different [rom dry concrete
before R, distance. The performance of the added gain of
transmit antennas is very significant for the system for the limited
distance that depend on the system.

I. INTRODUCTION

WiMax is one of wireless communication technology that
we expect to widely use in the future. The high bit rate up to
75 Mbps and the distance up to 6 miles for the fixed broadband
wireless communication (IEEE 802.16-2004 standard) and the
bit rate of 30 Mbps and 2 miles distance is the mobile
wircless communication (IEEE 802.16¢). The fixed and mobile
wircless communication employ the Multiple Input Multiple
Output (MIMO) that is multiple antennas at the transmitter and
receiver. The MIMO are obtained to improve the performance
of the wireless communication system. Alamouti [1] proposes
a transmit diversity technique for wireless communication that
use mutiple antennas. After that Tarokh presents space time
block code from orthogonal designs and space time block
code for wireless communications that use the two transmit
antennas and two received antennas[2]-[3]. Space time block
code (STBC) achieves to employ the orthogonal frequency
division multiplexing (OFDM) that can improve the data rate
of the wireless system [4].

WiMax system can be employed for different areas not
only in metropolis but also in urban and suburban arca. The
system should be chosen for the appropriate environment
because each environment has different radio propagation.
Therefore, several propagation models have an effect on the
performance systems in different ways. The propagation model
proposed in this paper is a ground reflection model (Two-
ray Model). The direct path is line of sight (LOS) path and
another path is reflection path. The factors that influence the
ground reflection model are frequency, the height of antennas,

1-4244-1373-7/07/$25.00 ©2007 IEEE
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Fig. 1.

Two-ray model for propagation above a flat carth,

reflection coefficient, the gain of antennas, distance and other.
These parameters involve the performance of the WiMax over
ground rellection model with two transmil antennas at twenty
- five meters in height and two receive antennas at one point
two meters in height.

This paper is organized as follow. In section II, the STBC in
OFDM is introduced. Section III is the ground reflection model
which is considered the radiation pattern of the transmitter
antenna. The performance evaluation is shown in section V
and the last section is the conclusion.

II. GROUND REFLECTION MODEL

In the ground reflection (two ray) model, the first ray travels
directly from the transmit antenna of height h; to the receive
antenna of height hy. The second ray reaches the receive
antenna after one reflection on the ground as show in Figure. 1.
This model is commonly used for radio signal propagation
over flat earth.

From Fig. 1, the total received power P, due to the
field arriving along the directed and reflected ray paths are
represented by [5]-[7]

A\ 2
Pgp="Pr (G) .

e—ikr e—ikra|?
J1(61)f2(61) + ['(62) [1(62) f2(62)

™ 2

(M
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where P, is the transmitter power, f,(f) and fa(8) are the
normalized field pattern function of the two antennas when
|£(8, #)|? is know as the directive gain g(@, ¢), r; is the direct
distance from transmitter to the receiver and ry is the distance
through reflection on the ground that are expressed by

L = R2+(h| ﬁhz),
re = R2 + (h] + hg) (2)
[ is the reflection coefficient from the ground for the same

vertical and horizontal polarization that depends on the angle
of reflection that is given by

_ cosf — \/E,cosfr

" cosb + VErcosty’ 3)
e,c088 — cosf
Ly i L )

"~ JErcos@ + cosbp’

where &, is the relative dielectric constant of material, 6 is the
angle of incidence, and O is transmitted angle that angle are
calculated by Snell’s law and can be expressed as

sinfl = sinfg = /e sinfr. (5)

If we assume isotopic antennas for simplicity, then f; =
f2 = 1 in (15), and dividing both side by P gives the path
gain PG of the two ray model as

)\ 2
ke (E)
1Il. STBC-OFDM

MIMO are applied for STBC that is proposed by Tarokh [2]-
[3] STBC is the technique of coding that employ more transmit
and receive antennas. STBC can be improved the performance
of wireless communication that can applied for the WiMax
system. Therefore, STBC is chosen for data transmission that
requires the performance of the system. The transmission
matrix is represented by [8]

_| T -7
x—[fﬂg Ty ] ™
The transmit sequence at the antenna one and two are
represented by

—jkra 2

+T(82)= : 6)
™ T

e~ ik

: [ Ty, _I'_'Z ] 1

[22, i ]. @®)
The code matrix has the following property

x?

|21[% + |22]? 0
0 1|2 + |z2|?
(lz1]? + |za| )P 9)

where I, is a 2 x 2 identity matrix.

The received signal over two consecutive symbol period
denoted by r; and r; for time t and t + 7 at ng reccive
antenna, respectively,given by.

X.x7

I
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Fig. 2. Space-time block code in OFDM for ng = 2 and ny = 2.

T'li = h_,_ll‘l + hj_zxz + n{,
ry = =—hj 1z} + hjaai +nj, (10

where h; ; is the fading cocfficient for the path from transmit
antenna i to receiver antenna j and n is receiver noise.
In the equation below shows the linear combination of
received signal.
nr = .
X = Zh;.lri + hj‘z(‘i'%)'
I=1
2 npu nr

- ZZ |hjil?z1 + Eh;,ln{ + hya(nd)*,

i=1 j=1 j=1

T2 = ) hjar] —hu(d)

i=1
2 np nr ) )
= 3 3 |hjal*za+ Y hjand — hya(nd)*. (11)
f=1 j=1 =1

The maximum likelihood decoding is represented by

np
i = Mgg}ig[(Z(l’H.llﬁ+Ihj.zlz)—l)lﬂ"tll2
i=1

+d*(#1,41)), (12)

nr

gy = argminl(} (|hsaf* + hs2l?) - 1)I2af?
J=1

+d* (%3, 1)]. (13)

The STBC-OFDM is applied in[4]. Fig. 2 shows space time
block code in OFDM with the number of transmit antennas
np = 2 and the number of subcarrier ng = 2.

The modulation data stream is represented by [9] where
iis the number of frame.

Xi=[z 2 (14)

The transmission matrix over the k** subcarrier after STBC
coding can be given by

T2k ]

X, (k) = Xil,l('k) X;zl(k) _[irzk—x

; _ Tok ]
X:'I,Q(k) X a(K) ~Ty T—1 |

(15)
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Fig. 3. The path gain of two-ray model with various reflection coefficients.

TABLE [
THE PARAMETERS OF GROUND REFLECTION MODEL.

Parameters Values
Tx-ant height 25m
Rx-ant height 1.2m
Tx output power 13 dBm
Tx-ant gain 17 dBi

Tx elevation angle  10°
Tx azimuth angle ~ 120°
Maximum distance 10 km

where X7';(k) is transmission symbol over k" subcarrier on
the n** antenna.

1V. PATH L0OsS CHARACTERISTICS

Fig. 3 displays the path gain with various reflection coef-
ficients that the characteristic of the path gains are different.
From the figure we can see that the path gain of the T-R
separation distance from 1 m to breakpoint distance (R) is
fluctuated and from R), to the maximum distance is linear. The
breakpoint distance is calculated by

4hyhg

T

The parameters of ground reflection are defined in Table L
The path gain of two-ray model along T-R scparation distance
from 1 m to 10 km is shown in Fig. 4. From the figure
we can see that the path gain at the low frequency is better
than the high frequency. The 2.5 GHz frequency is greater
than any other frequency. The path gain of two ray model
in different materials is shown in Fig. 5 that the dielectric
constants of ground is 15 and dry concrete is 5 [5]. The
path gains of different materials from 1 m to R, distance
are different fluctuation. The path gains of ground and dry
concrete materials are the same at R, distance until maximum
distance.

In Fig. 6 displays the comparison of the received power
between the added gain of transmit antennas in the different
angle and the no added gain at the transmit antennas. In this
figure, the received power with the added gain of transmit
antennas is greater than the no added gain of transmit antennas.

Ry = (16)
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Fig. 4. The path gain of two-ray model with different frequency.
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Fig. 5. The path gain of two-ray model with ground and dry concrete.
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Fig. 6. The comparison of received power between the added gain transmit
antennas and the no added gain transmit antennas.
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Fig. 7. The model of transmit antenna gain for two-ray propagation model.

TABLE II
SIMULATION PARAMETERS FOR FIXED BROADBAND WIMAX SYSTEM.
" Parameters Values
Carrier frequency 25GHz
Bitrate 75 Mbps
Time 136.53usec
Constellation BPSK,QPSK
Doppler frequency 90Hz
Number of FFT size 256

Number of Guard interval 64

BPSK length 170.66sec
QPSK length 85.33 pusec
Noise floor -130 dBm

We assume 10° elevation angle of transmit antennas and the
T-R separation distance from 1 m to 10 km as shown in Fig. 7.
From this figure we can see at d; that has no gain of transmit
antennas so the received power of the added gain of transmit
antennas from | m to the end of distance d, is similar to the no
added gain of transmit antennas. However, the received power
is changed at the distance of dg which is the end of d; to the
maximum distance.

V. BER PERFORMANCE

In this paper, we evaluate the performance of the WiMax
system with two transmit antennas and (wo receive antennas
over ground reflection model. The parameters of the Wimax
system are defined in Table 1. We specify that each angle
of the transmit antennas has different gain and the receive
antennas are isotopic antennas.

Fig. 8 shows the performance evaluation of the WiMax
system over the ground reflection model. The bit error rate
(BER) performance of the added gain of transmit antennas
is greater than the no added gain of transmit antennas at Rb
distance until five kilometers but the performance of the added
gain of transmit antennas are less different than the no added
gain of transmit antennas after five kilometers. Therefore, the
added gain of transmit antennas is very significant at limited
distance that depends on the systems but the added gain of
transmit antennas does not have an effect on the performance
of the system when the distance increases from the limited
distance. The comprehension of the added gain of transmit
antennas has an extreme effect on the performance of the
system at the limited area.

99

Fig. 8. BER performance comparison of the WiMax system with the added
gain transmit antennas and the no added gain transmit anlennas over two-ray
model

VI. CONCLUSIONS

In the wireless communication environment, the propagation
is very significant for the microcell system that is used in
rural and urban communication. This finding is the propagation
over ground reflection model for WiMax communication. The
performance of the WiMax system depends on the parameters
of two ray reflection when the values of the parameters are
changed. Moreover, when the values change,the path gain and
the received power are varied as well but the path gain and the
received power are divided into two section. The first section
is the distance before Ry and the second is after R,. We
evaluate some parameters that influence performance of the
WiMax system. The results show that, the gain of antennas
and frequency are significant for the WiMax system over
ground reflection model. The performance of the added gain of
transmit antennas is greatly influence by the limited distance.
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Abstrace— The significant subjects for Broadband Wireless
Access (BWA) are the coverage area, the data rate and the
performance of the system. Therefore, BWA can employ for any
channel propagation. In this paper, we consider the performances
of the broadband communication that are STBC -OFDM and
SFBC-OFDM over frequency selective fading channel. And the
flat fading channel is also chosen for this system. Moreover,
the channel coding are employed in this simulation such as
convolution coding and Reed Solomon coding. These coding
can improve the performance of the broadband system. The
STBCOFDM with difference size of interleaves and difference
doppler frequency have an effect for the performance of the
system. The efficiency of the system depend on the length of
interleaves as well.

Keywords-component; BWA; STCB; SFBC; OFDM;

1. INTRODUCTION

Broadband Wireless Access (BWA) is one of technology
that is promising solution for last mile access and high data
rate. BWA can separate by two. The first one is [EEE 802.16-
2004 standard. The data rate of this standard is up to 75 Mbps
and the coverage area is around 6 miles. The second one is
IEEE 802.16¢ that is a mobile WiMAX. The data rate of the
mobile WiMAX is up to 30 Mbps and the coverage distance is
2 miles. The important techniques that make high data rate and
last mile access are diversity technique and Orthogonal Fre-
quency Division Multiplexing (OFDM). The both techniques
can operate together such as Space-time Block Code with
OFDM (STBC-OFDM) and Space-Frequency Block code with
OFDM (SFBC-OFDM).The Multiple Input Multiple Output
(MIMOQ) is very necessary to apply for BWA in order to im-
prove the efficiency of BWA standard. Alamouti [1] proposes
a transmit diversity technique for wireless communication that
use mutiple antennas. After that Tarokh presents space time
block code from orthogonal designs and space time block
code for wireless communications that use the two transmit
antennas and two received antennas[2]-[3].

BWA can apply for many usabilities for example voice,
VOIP, internet, video on demand and others. All usabilitys
should be used for limited bandwidth. Moreover, when people
use this system increasing that take a bandwidth of signal more
than bandwidth of channel. This is the one part of frequency
selective fading channel. In this paper, the performance com-
parison of STBC and SFBC over frequency selective fading
channel for broadband communication is proposed with two
transmit antennas and two receive antennas. The quasi-static

flat fading channel and frequency selective fading channel are
considered. In addition, the channel coding is one of technique
that can improve the bit error rate (BER). Convolution code
and Reed Solomon are also presented.

This paper is organized as follow. In section 1I, MIMO
channels for various fading such as flat fading and frequency
selective fading are presented.ln section III, the STBC in
OFDM is introduced. In section IV, the SFBC-OFDM is
described. The performance evaluation is shown in section V
and the last section is the conclusion.

11. CHANNEL MODELS

The fading channel between the number of transmit an-
tenna and the number of receive antenna are assumed to be
frequency selective fading and flat fading. In this paper, the
flat fading and frequency selective fading are used to evaluate
the efficiency of STBC-OFDM and SFBC-OFDM. The MIMO
channel shows in Fig. 1.

The flat fading is the most common type of fading where
bandwidth of channel greater than the bandwidth of signal
and the delay spread is greater than signal period too. The
rms delay spread is given by [4]

Yk G _ 2 P(me)Th

= _ Tk i
! ik ai >k Pk )
>k ai Y P(m)
or = /72 = (7)2, 3)

where 7 is mean excess delay , o, is rms delay spread and
P(73) is power delay profile.

Frequency selective fading occurs over multipath fading
when the bandwidth of channel is less than the bandwidth of
signal and the rms delay spread is greater than symbol period.

11I. STBC-OFDM

MIMO are applied for STBC that is proposed by Tarokh.
STBC is the technique of coding that employ more transmit
and receive antennas. STBC can be improved the performance
of wireless communication that can applied for the WiMax
system. Therefore, STBC is chosen for data transmission that
requires the performance of the system. The transmission
matrix is represented by [5]
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The transmit sequence at the antenna one and two are
represented by

xl = [ Iy, _2:5 ] 3
¥ = [z, 21]. (5)
The code matrix has the following property
|2+ |22 0
x.xH [21% + |22 .
0 |z1[? + |zaf?

(|22]? + 221

I

(6)
where I, is a 2 x 2 identity matrix.

The received signal over two consecutive symbol period
denoted by 7, and r» for time ¢ and £ + 7 al ng receive
antenna, respectively,given by.
rl = hjami + hjaze +nd,

r§ = ©)

where h; ; is the fading coefficient for the path from transmit
antenna i to receiver antenna j and n is receiver noise.

In the equation below shows the linear combination of
received signal.

—hj1x3 + hj2z) + ng,

nR

B = Y h3ri+hia(ry)
j 1

nr

= Zzih‘ﬂl 1 +Zh.1"j+h3 2(n3)",

i=1 j=1 j=1
nR

Fo = Z h,;lzr{ — hja(rd)*

nr

= ZZLA,A r2+2 5am] — hja(nd)*.

i=]1 j=1

(8)

T

MIMO channel.

The maximum likelihood decoding is represented by

nr
i1 o= argmin((3 (I + lhal*) - Didal’
j=1

+d?(F1,31)), ®

ngR
arg min((y_(1hs1? + hjal*) - 1)i22l®
i=1

P
(10)

The STBC-OFDM is applied in[6]. Fig. 2 shows space time
block code in OFDM with the number of transmit antennas
np = 2 and the number of subcarrier ng = 2.

The modulation data stream is represented by [7] where
it*is the number of frame.

+d? (%2, 5‘2)]

(1

The transmission matrix over the k' subcarrier after STBC
Xi1,1(k) T2k ]
Tae—1 |’

coding can be given by
1(k
X1a(k) X
(12)

where X[';(k) is transmission symbol over k" subcarrier on
the nth antcnna

x,-=[.7.'[ Ty :cgk].

Tok—1
»
Tk

Xi(k) = [

IV. SFBC-OFDM

SFBC can be applied by STBC for using in frequency
domain, that can improve the performance over frequency
selective fading channel. It can generate the symbols over kth
subcarrier of OFDM. Fig. 3 shows the transmitter architecture
for a STBC-OFDM.

The modulated coded data generates the symbols
Xim[k],m*™ to be transmitted on the n; transmit antenna at
the h subcarrier and the m** OFDM symbol as shows in the
example below [8],
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Fig. 2. Space-time block code in OFDM for ng = 2 and np = 2.
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Fig. 3. Transmitter architecture for a SFBC-OFDM.

TABLE I
THIS TABLE SHOWS THE PARAMETERS OF WIMAX SIMULATION SYSTEM.

[ Xim[2r] Ximl[2r+1] 1

G Parameters Values
Xz,m[er Xz_m[21" + ]] Number of Tx ant 2
[ Dp[2r]  —Di[2r +1] ] (13) Number of Rx ant 2
. . Carrier frequency 2.5 GHz
Dmf2r +1] Dy [2r] Bitrate 75 Mbps
At the receiver the received signal is given by E’:’n:teunﬁm llaioslllzé‘;;li
Doppler frequency 12Hz
Tm[2r] = X1 m[2r|Hy m[2r] + X2.m[27]Ha m[27] + Ni[2r] Number of FFT size 256
= Dpn[2r|Hy m[27] + D2 + 1)Ha 10 [27] + Nyu[27), g;l;l(’ﬂk:;ﬁium interval ?:5'47 o
(14) QPSK length 187.73 psec
Number of multipath 4
and Power delay profile 0,-10,-20,-25
Number of delay 0,345
T‘m[27‘+ 1] = Xl‘m.[2r+ llﬂlm[2f$ l] +
Xom[2r + 1Hym[2r + 1] + Npn[2r + 1]
= DL[2r+ Hym[2r+1] - V. SIMULATION RESULTS

D} [2r]Ha n[2r + 1] + Ny [2r + 1], (15) In this paper, the simulation results are indicate the bit

error rate performance between STBC-OFDM and SFBC-

OFDM over flat fading channel and frequency selective fading
wmor] = rml2r]H (2] + e 4 O e parameters of WIMAK

ym[Zr + ]] Tml2f]H2‘m[21'I - rm[2r + l]Hl‘m[2r] simulation show in Table L.

(16) Fig. 4 shows the performances of SFBC-OFDM with two

And the outputs of the signal are represented by
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Fig. 4. The BER performances of STBC-OFDM and SFBC-OFDM based
on bandwidth of channel .

transmit antennas and two receive antennas over the different
bandwidth of channel [9] . In this figure, the BER of SFBC-
OFDM on narrow bandwidth channel is lower than STBC-
OFDM and on large bandwidth channel that bandwidth chan-
nel is more than 100k H z for BPSK modulation and more than
400k H z for QPSK modulation is higher than STBC-OFDM.
The bandwidth of channel is one of channel definition that
frequency selective fading channel or flat fading channel is
depended on channel bandwidth.

Fig. 5 indicates SFBC-FDM with various channel coding
over frequency selective fading channel. This figure indicate
that the channel coding can improve the performance of the
system better than Uncode. The system which employs the
convolution code is greatest where we compare with Reed
Solomon and Uncode. The performance of STBC-OFDM with
difference size of interleaves shows in fig. 6. The lenght of
interleaves have an effect for efficiency of the system. The
performance of the large size of interleaves is higher than the
small one. Fig. 7 shows the performance of STBC-OFDM with
difference doppler frequency (fd). The efficiency of the high
fd is lower than the low fd.

Fig. 8 and Fig. 9 indicate the performance of STBC-OFDM
and SFBC-OFDM with two transmit antennas and two receive
antennas over flat fading channel and frequency selective
fading channel, respectively. The evaluation performance of
STBC-OFDM over flat fading channel 1s greater than SFBC-
OFDM, on the other hand, BER of SFBC-OFDM over fre-
quency selective fading is greater than STBC-OFDM.

V1. CONCLUSIONS

This paper presented two transmit diversity and two receive
antennas. The performance of SFBC and STBC over frequency
selective fading and flat fading is simulated. The performance
of SFBC over frequency selective fading is greater than SFBC.
On the other hand, the performance of STBC is greater
than STBC as well. In addition, The channel coding can
improve the BER performance of the system over frequency

15
Eb/No, dB

Fig. 6. The BER performances of STBC-OFDM with difference size of
interleaves.

selective fading more than quasi-static flat fading. The size
of interleaves influences the performance of the system. The
performance of the broadband communication depend on the
frequency doppler. The SFBC is optimal for frequency selec-
tive fading channel and convolution code should be chosen in
the SFBC system.

REFERENCES

[1] S. M. Alamouti, “A simple transmit diversity technique for wireless
communications,” [EEE Journal on Select. Areas Comms., vol. 45,
pp. 1451-1458, 1998.

[2] V. Tarokh, H. Jafarkhani, and A. R. Carlderbank, “Space time block
codes from orthogonal designs " IEEE Trans. on Information Theory,
vol. 45, no. 5 ,pp. 1456-1467, 1999.

[3] V. Tarokh, H. Jafarkhani, and A. R. Carlderbank, “Space time block
codes for wireless communications: Performance Results,” I[EEE Journal
on Selected Areas in Communications., vol. 44, no. 2, pp. 744-764, 1998.

[4] T. Rappaport, Wireless Communications, Upper saddle River:Prentice-
Hall, second ed, 2002.

[5] B. Vucetic, and J. Yuan,Space time coding, John Wiley & Sons,2003.

246



The 2008 International Conference on Embedded Systems and Intelligent Technology
February 27-29, 2008, Grand Mercure Fortune Hotel, Bangkok, Thailand

10 T T T T T
‘ -8 fd=10 Hz

[+
w 107k
oM
107
107°F
‘Iﬂ-. i L _ij I L
0 5 10 20 25 30

15
Eb/No, dB
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Abstract

Multiple input multiple output OFDM system is consid-
ered for coding across antennas and OFDM tones. The
design criteria of this transmission technique is derived
from space time block code (STBC). The coding scheme
termed space frequency block code (SFBC) is conceived to
achieve the maximum diversity order for a given number of
transmit and receive antennas. In this contribution, the per-
formance of SFBC-OFDM transmission scheme over fre-
quency selective fading channel is proposed. The suitability
and performance of STBC-OFDM and SFBC-OFDM over
flat fading and frequency selective fading channel are inves-
tigated. Moreover, the dependence of channel bandwidth is
considered for both propagation channels.

Keywords: SFBC, OFDM, MIMO, frequency selective
fading

1. Introduction

WIMAX technology involves microwaves communica-
tion for data transmission over radio propagation channel.
It is used for high-speed data rate up to 75 Mbps and
the distances up to 6 miles for fixed broadband wireless
communication (IEEE 802.16-2004). For a mobile wireless
communication (IEEE 802.16¢), the data rate of 30 Mbps
and 2 miles distance can be provided. These standards are
applied based on multiple input multiple output (MIMO)
communication to obtain the high performance communi-
cation system.

In [1], a general overview of capacity and performance
of the MIMO system is presented. Space time block code
(STBC) is the coding technique that utilizes multiple anten-
nas at the transmitter and the receiver to achieve diversity
transmission [2]-[4]. This coding scheme can be applied
with orthogonal frequency division multiplexing (OFDM)
to improve the data transmission rate [5). Based on this
combination, therefore, the symbol duration is reduced
beyond multipath spread of the channel. Consequently, the
OFDM system deals with the frequency selective fading
channel. Therefore, the SFBC is developed based on the
STBC to overcome the channel impairments [6]-[7].

In this paper, the performances of STBC-OFDM and
SFBC-OFDM with two transmit antennas and two receive
antennas are evaluated. The quasi-static flat and frequency
selective fading channels are considered. Based on the
multipath propagation, the intersymbol interference (ISI) is

generated to evaluate the bit error rate performance of the
STBC-OFDM and SFBC-OFDM system. As the simulation
results, the system performance depends on the channel
bandwidth of the quasi-static flat fading and frequency
selective fading. It can be observed that SFBC-OFDM is
more effective than STBC-OFDM over frequency selective
fading channel. However, the performance of STBC-OFDM
is better than SFBC-OFDM over quasi-static flat fading
channel.

2. Space Time Block Code in OFDM

Space time block code is the coding technique that
utilizes multiple antennas to provide the simple transmit
diversity [2]. The generalized schemes of STBC are pro-
posed for the full transmit diversity specified by the number
of transmit antennas np [3]-[4). The original Alamouti’s
scheme can be regarded as STBC for two transmit antennas.
The transmission matrix is represented by [8]

_ | 73

X= [ I ] . (1)
The transmit sequence frame can obtain from antenna

one and two by z; and x5, respectively,

Xl = [ I, *IE ] §

2 = | & 7] 2)
The code matrix has the following property
2 2 0
X.xX? = |z1]® + |22 ’
[ 0 1% + |z2f?
(|12 + |z2)P, 3)

where I is a 2 x 2 identity matrix.

At the receiver antenna, the received signal over two
consecutive symbol period denoted by r, and 7, for time ¢
and t + T at np receive antenna, respectively, can be given

by,

= hj.lrl + hj'2$2 + ﬂ.{,
= —hja1z3 + hj2z] +n3. (4)

wb. wL,

where h;; = 1,2,7 = 1,2,...,ng is the fading coefficient
for the path from transmit antenna 7 to receiver antenna j
and nj and n} are additive white Gaussian noises.
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Fig. 1. Space-time block code in OFDM for Ny = 2 and ny = 2.

The linear combinations of received signals are repre-
sented by

£ = Zh o+ hja(rd)

2nn

= ZZthll 2:1+Zh 1n{+hj'2(n£)',
i=1 j=1
ng
$7 = Zh — hja(rd)*
ng
= ZZ“‘“' 32+Zh12"i hja ”z) -(5)
i=1 j=1

The maximum likelihood decoding rule is now given by

ng

= ”5222{(.2;“’111\2 + [hj2l?) = Dz ?
J:
+d?(z1,21)), (6)
ng
£ = argggg[(g;(lhj.lrz + hi2l?) — 1|22/
=
+d2(i‘2, :%2)] . Q)

The STBC can be applied for subcarrier of OFDM [5].
Fig. 1 shows the mapping of STBC matrix on subcarrier
with number of transmit n = 2 and number of subcarrier
N, = 2.GI is the Guard Interval. The modulation data
stream to be transmitted by i** frame is represented by

(9]

x-i':[l'l T3 -’Ezk]- (8)

The transmission matrix over the k' subcarrier after

STBC coding can be given by
X} (k) X2 (k) ] [ T2k-1 Tk ]
k : 1 i1 —
Kofry= Xila(k) X-?.z(k) =T Ty (;)

where X' (k) is transmission symbol over k** subcarrier
on the n‘h antenna.
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Fig. 2. Transmitter architecture for a SFBC-OFDM.

i

3. Space Frequency Block Code in OFDM

SFBC can be adopted from STBC for using in frequency
domain. Therefore, it can improve the performance over fre-
quency selective fading channel and generate the symbols
over k' subcarrier of OFDM. Fig. 2 shows the transmitter
architecture for the SFBC-OFDM system.

The modulated coded data generate the symbols X ,, k]
to be transmitted on the n; transmit antenna at the h
subcarrier and the m'* OFDM symbol as shown in the
example below [10],

G, = [ Xim[2r] Xim[2r+1]
27 | Xoml[2r] Xom[2r+1]
D,.[2r -Dp[2r+1
- [ Dm{2i+]1] D,',E[Zr] | ] (19

At the receiver, the received signal is given by

Tm(2r] = Xim[2r]|Hym[27]
+X2'm[2‘l‘] Hz‘m[ZT‘] + Nm[21"],
= Dy[2r|Hy on[2r]
+Dpn[2r + 1]Ha n[2r] + N [2r], (11)
and
rm[2r+1] = Xim[2r+1]Hym[2r+1]+

Xom|2r + 1|Hom[2r + 1] + Ny [2r + 1]
= Dj.[2r +1]Hym[2r +1] -
D, [2r) Hom[2r + 1] + N [2r + 1]. (12)
And the outputs of the signal are represented by
= rm(2r|HY ,,[27] + 3, [2r + 1] Ha m [27],
T (27| H3 g [27] — 75, (27 + 1] Hy m [27].
(13)

Ym[2r]
ym[2r+1] =

4. Performance Results

In this paper, the simulation results are indicated by bit
error rate (BER) performance between the STBC-OFDM
and the SFBC-OFDM system over quasi-static flat fading
channel and frequency selective flat fading channel. For
quasi-static , a channel occurs in packet data systems, where
the channel fade is constant for the duration of codeword
and changes independently from one transmission to an-
other. the packet of data system The simulation parameters
for fixed broadband WiMAX are listed in Table 1. The
number of transmit antennas (ns) and receive antennas
(ﬂ.R) are N = NRr = 2.

»
=3 - o A _= o
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Table |. Simulation parameters of fixed broadband WiMax system.

Parameters Values
Carrier frequency 25 GHz
Bitrate 75 Mbps
Time 136.53 usec
Constellation BPSK,QPSK
Doppler frequency 12Hz
Number of FFT size 256

Number of Guard interval 64

BPSK length 170.66sec
QPSK length 85.33 usec
Number of multipath 4

Power delay profile 0,-10,-20,-25
Number of delay 0345

Fig. 3 shows the performance of STBC-OFDM and
SFBC-OFDM system for the multiple antenna transmission.
The BER performance of STBC-OFDM with two transmit
antennas and two receive antennas is greater than other
system that has the number of transmit and receive antenna
less than two. The performance evaluation of STBC-OFDM
on the different path with two transmit and two receive
antennas is shown in Fig. 4. The performance of l-path,
line of sight (LOS), is greatest of all BER. Fig. 5 shows the
performances of SFBC-OFDM with two transmit antennas
and two receive antennas over the different bandwidth of
channel. As the results, the BER performance of SFBC-
OFDM for narrow bandwidth channel is lower than STBC-
OFDM.

Fig. 6 and Fig. 7 indicate the performance of STBC-
OFDM and SFBC-OFDM with two transmit antennas and
two receive antennas over quasi-static flat fading channel
and frequency selective fading channel, respectively. The
flat fading is the most common type of wireless channel
where bandwidth of channel greater than the bandwidth of
signal and the delay spread is greater than signal period.On
the other hand, the Frequency selective fading occurs over
multipath fading when the bandwidth of channel is less than
the bandwidth of signal and the rms delay spread is greater
than symbol period. As the simulation results, the perfor-
mance of STBC-OFDM over flat fading channel is greater
than SFBC-OFDM. On the other hand, BER performance
of SFBC-OFDM over frequency selective fading is greater
than STBC-OFDM.

5. Conclusions

Wireless communication system requires high bit rate
and high bandwidth of data communication. For MIMO-
OFDM system, the high bit rate can be obtained by
employing multiple antennas at the transmitter and the
receiver. In this paper, the BER performance of the STBC-
OFDM and the SFBC-OFDM are evaluated over flat fading
and frequency selective fading channel. Moreover, the de-
pendency of system performance on channel bandwidth is
investigated.
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The BER performance of STBC-OFDM over Rayleigh fading

Fig. 4. The BER performance of STBC-OFDM for different propagation
path.

Fig. 5. The BER performances of STBC-OFDM and SFBC-OFDM versus
channel bandwidth.
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Fig. 7. The BER performances of STBC-OFDM and SFBC-OFDM over
frequency selective fading channel.
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