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Year Frequency Band Transmit
Modulation Types
Introduced (GHz) Schemes

802.11a DS55/0FDM BPSK, QPSK, 16-QAM, 64-QAM
802.11b 1999 2.4 DSSs CCK

802.11g 2003 24,5 DS55/0FDM CCK,BPSK, QPSK, 16-QAM, 64-QAM
802.11n 2009 (est.) 5 MIMO-OFDM BPSK, QPSK, 16-QAM, 64-CAM

802.11ac 2013 5 MIMO-OFDM  BPSK, QPSK, 16-QAM, 64-QAM, 256-QAM

802.11 lmall cililis :3-1 Jsaal

Ty b LAY 335a) L (pandional) Spa sl Janay Jpsaill il Wiy JlsY) Jine w33 (5 oa
(s g (SR (5o adi e guaa 53 i dawy L Jaial s Juoall g )
el 2l Ol Jane 5 e sl (5 m Vagrs 1/2 e si Jane Jumif 5 (BPSK 23t
64— e (dpad g 5 el Jad) (oom gunaal (e Lojs J& L) dasy oS 1Y (Sallsy
Bers - Jbmall Zlie Ja ) Jara el e Jsanl (5 5m0 13025 3/4 et Jama (295 «QAM
3y AL AN el Jomdl e Jpmnll uo gl Jonay daeill 55 e aaeie L 1S

gl b,
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Wi-Fi 5802.11 Juadl e 3od L.

802. 11 Llumall Lyt il Al S o) 5 &~ 50 .
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(A S el Gantill daa ol A 5 Ao sall Gl dpe ) s L aSal e ) ) A i GAN e

il sl CSMA/CA i) )l s ana deadiiunall ddlidadl 5l ola5f sass o Sy ol 2l .9
ldasall Jls )

lejus of Infrastructure BSS i<uiy Ad hoc networks iSuil (Sey (S 7,8 .10
gl jaal) dshid) s e LI dang e 3 i

a2 A3yl = 8 MAC ) dada Ul (pam 53 g gall D giall Jgia (g 301 o111

g IS Ank g #5805 80211 el lardivg 1 LY )5 ale 12

o Dbl Gl it (5 yan 3Ll 5 gl hal) ARl 8 Jlu Y] CDlae daat g g aS .13
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asuwly GSlwWI OS] o9 gl Jl Juadll

Jxoll
Wideband wireless networks description
(WiMax)

18 yagall O gis
Wideband wireless networks description :WiMax Jlaall axud 4 A_ISL,M\ GlE) Caayg
Wireless networks a<LoU ¢l

:dalidal) cilalsl)
LU sl julea (WIMAX architecture . WIMAX Jlaal) da) 5 410U GlS0E) 21K
Dbaall sacliall g dadled Ala gl 8 lkY) 4n (WIMAX standards  WIMAX Jladl dad
Dbl (4 daad) sags (WIMAX downlink and uplink frame structure - WIMAX
WIMAX MAC - WIMAX jLedl 4 3l asda (WIMAX quality of service — WiMAX

Jayer

1uadla

78 ome - Jaal) Aad 5 AL il ok (ge gl e 5 S8 Juadll 138 & Cllall aais
GsSS ey da) dada alge o allal) Cajaty el S s WIMAX ASLOU) 45,80 4dS 4K
Cllal Gay LS WIMAX el Lgadty ) deadll 335 o) sl (0 5,88 slac) (5 ag oY)
Al dl) dadally deastied) dabiad) el e

tdaged il
tde Juadl 134 8 Calllall Ca ey
WIMAX Jlaall G 5 LSLO cladl iy o
WIMAX auil) Al o
Y S dall dida Glga @
c4a2all Bagn @
A ) Akl clas e
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WiMax Jlaall daud s LU ClSual civa g :dadia

Loy aVlad 6 AN e saalsl Joiee JS& WIFT il s WIMAX cles sk 5 a
S M il el DA e WIMAX @lSu e el (55 a8 L A3e CalaaY 5 ddbias
2l ASL Alaall LA ASLLY daw s WIFT cil€as Gaan oS Laiy eJlaall dand 5 S0
G e S o da al sl cliall ;s MAC ) clish 8 endiaell L) cads dlly e
e sSs jilie auld cpe gl DS aang lld aay caie sl Caagdl ianl JBGY) OGN dapaas
ol 3 Mailly JLal de siia yulae cishe ) (EEE 802 dia zlia cist aa ki 5 5n
.Packet-mode all ius e adiaall IP-mode " i) J K55 5 Jaad' Tas

n g IS psks Baan A Ayl Bl 4 el g WIMAX Sl dalall il 4-1 JSA0 oy
WVIFT 280 Alae il L Loy (peadiial ¢ i Calide el dilaie ddaisy 403l 2,

:WIMAX allas

'"World Interoperability for Microwave WIMAX il sliel) 5 ja WIFi Zaaudy Jal s S
Ol aeail] dylae 455 68 AL al @l pueatt dasbial) <ilS 3l Jd e 2001 2lxy Access'
e Aaiadl Gma g lemn il @t Jaadl el 802.16 Jlaal (385 Jesi
Adhide GlS Hd

WIMAX sl se

Metropolitan Area 4.8yl CISEl ¢ 6 o ):ﬁzéaj IEEE 802.16 Jlxd e WIMAX adixi
cpadiuall Juall (385 oS 15 (saxy W jhd Caial dalue WIMAX 40 laxs .Networks (MAN)
S ) il Ldie WIMAX it Al gancdl 5 A0l 5 G0 ASLON cllandl ey
S50 e dajall (s e LxSL:)! Yl (Last mile users) agic Cpaad ZLA\;} S yidiall
Digital Subscriber Loop " il axdid) Zila" laghd §f 4y saall Jasladll e Jia dandl)
Loy i) pn bl i ol s oaall e &l peaall HSLO cillaaall i) i ((DSL)
sl sl clodl Bl oY) e sl dul iy bl Jul S (e 4iasly
o o A A a0 Al a5 lhe WIMAX 3%t il o el Gasiy (IPTV) )
DG aas 5 e Cpandl (S il Ulee Sla Tl 538 o385 id el Faudaill LS
i Y) e B jal) Gmige GSLOW
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WiMAX

WiFi L)

!
i
g Auto
@ Outdoors '
!
i

WiMAX Tower

WIMAX 40 daladl il 141 J<)

rdajad) dad g ASLUO culSudl) cliles [ ghat 1

dal ye day ) pie da el Al s ASLOU Kl CllEs ¢ e

Go Al AdaBU ddlidd) Ulal) aey WIFT a4 5lie WIMAX el sl 42 J<a o
Adalgl) g saclall Alasll b Jall daw G

oV Gl Jacd b deaally Canz’y il dagall cld sl AL Al e
i Al lasall Aat A ol 38 DL 8 Vi |5 ey ¢l

Ollaall 8 Aail) Gl Jed cilS cdaall daady ASLOU AaY e JY) Jall e
Line of lai laa jig cplladdl cpda A Jeadl Qllaing 39 GHz 5 24 GHz (yuan 5
G gV Ale 20 i deadl 13a Gl L Jlat¥) Gl Jiisal) 5 Jus el oy sight
gy Alle delain) ld B je pladiuly jiasl€ 50 als ddlal jlai Jad 3a6a il
bl b Gaadl Jol) s @l e 5l sl e
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11 ol Jaddl 8 Jeadl 138 Jery tdejall el 5 ASLOU Aalal) o A Jaad)
L x5 Ay5la Ay 50 58 el 5 Jupal) (gl Jad Bas lly W 5 «GHZ

Al yall 3L Baaxie < jlse 25a 5 Jl 8 alas ool ad ) A
@il 802.16 Jlnall slaie) (5 ya Al L) Gl 8 0 jpledd) o adieddl el
JusYl 5 %566 GHz ) 10 GHZ g a3 Jlaal 3 adas Jaad Gualiy) 281
O b i Gist G Jend @l 11 GHZ ) 2 GHZ (e dlaall 8 Janyd daa3U)

i) 5 Js 5l

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 201 > 2012
GSM TDMA coMA CDMA/TDM OFDMA
LTE
GSM GPRS EDGE HSDPA HSUPA LTE ADV

DL 96K DL: 60K DL 177K DL: 384K DL:18-72M DL: 72M DL 100M DL: 16

UL: 9.6K UL: 40K UL 188K UL 284K UL 384K UL 58M UL 50M UL: 500M
CDMA CDMA CDMA/TOM OFDMA + CDMA,

EVDO EVDO EVDO

- Rev O Rev A Rev B LSS

DLI44K DL 153K DL 24M DL 3.0M DL:31-73M DL: 70-200M

UL44K UL: 153K UL 183K uL 18 uL:18-27M UL: 30-45M

WiMAX OFDM OFDMA

802.16d 802.16e 802.16m
DL TM DL: 10-70M DL: 100M
uL M UL: 10-70M UL: 100M
Wi'Fi Dsss OFDM over CSMA/CD Work in progress
802.11g 802.11aa/
sozn soztp il ]
DL:2M DL:TIM DL 54M DL: 200M DL:<1G
UL 2M uL: M UL 54M UL: 200M UL: <1G

Aa) YLy s, WIFT s WIMAX cilii ) ok G 4 e 142 JSa)
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A Al L2
AL 43 IS G LS s jeslie (Al 3 bl N 5 Ll Saens 0 ) A Al 206
Mobile Station aliiidl dasdll : & Gle gane AW ) WIMAX 3805 (e Zogida o) SULSY)
"Jla¥l cled 4855 Access Service Network (ASN) el cilead 235 ((MS)
A0Sy ASEl Al 4kl dlevial) ddasdl) J.w._a .Connectivity Service Network (CSN)
Gilaasll o Al A 5 "Mal clled A s AN Ml e gl LSD "Ha cilexd

cAac)all

B @ E

M3 BS \\ g

—— ez — pmmmmm |
P Edge Core
(( )) ASN-GW  TOUtET router/ —
switch — "
d Eﬁg
MS o AAls DB
ASN Repeater
CSN

Y

MS

ASN (Access Service Network).
BSs and ASN-GWs (Access Service Network Gateways).
CSN (Connectivity Service Network) : routers/switches and various servers, such
as Authentication, uthorization, and Accounting (AAA) server, Home Agent (HA),
dynamic host configuration protocol (DHCP) server, Domain Name Service
(DNS) server, and policy and charging rules function (PCRF) server.

WIMAX 4. 3080 :4-3 J<a)
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:MS dlatiall sl
JSiy » Subscriber station (SS) 'l i) dhad' 5 Al Ay Cipile §f Alitiall dlasal
oe 3oke 0sS8 f sasl gl Alasall Sy el dasdls ol o Jlat) es s ale

oS side e g sy & jidia

:ASN Al clead 4G

SSLOU el i) e P A (@il gl e ALlSie de saase oo 3 olbe Ml Glead A4
Base Station (BS) Ll claadl e dal cilead 4035 6 siad JWIMAX 305 (€ ikl
fpacldl ddaad) o .CSN Jlady) cilend 3Sui ) Gateway (GW) e (Sl s ) &gy
Apc il Alaadl sy cAtaca Jeall 2ma (5305 Jlae Lol aaddy 4l cleld (e Lol
feo Alitia Aane (S Jai 5 LS il llliial g saclall y Aaledl Zasall 2 5e 5 5Y Y sane
Jua¥l a5 g sie s S pe Apaeld Aane IS Lals ) can gy Laiy csan) 5 dgaeld ddase
Al A g 5ol 3 Ay da gl iy dea (e

:CSN Jlaty) cilead 4Sus
S il Juaty) clesd et (Al AS0sl) Glaadl) (e de sana g 3 ke Jualy) cilead 4805
e e Jlat¥) claad A8 et ccileadll dlli cualily WP e ) S gis g (s sie e
ASd Gwy L oyl g Addadall Letlas g calide ou Jay )l switches <aYauwll 5 routers il i)
Jua¥) clend 3 et LS s Al dga (e i) ASuS oy Lty e e 3 cilens
s Ml pledy Asedd ge BRI e gk oldddl e dcsese L
&5 i Authentication, authorization, and accounting (AAA) server "clilual)
Ssabiall a5 5ll wall Dynamic Host Configuration Protocol (DHCP) " gy ¢y slie
Home "Jjual JS5 sdday WIMAX 405 ) aelsan die oS jisidl e o i) o lial
slaad' iy agllad aie o€ dall Aiacadd) gyslall 5o aisddl Agent (HA)
sland Jisad GSallyy clawd ) IP (yic Jysail Domain Name Service (DNS)' il
Policy and Charging rules "s 5 &l 5 cilulawdl ae) @ 2daay P cglie ) o ) 3<% U
3aga Claachy Aaldll Glaslad)l Jaay s deadll clubs 3 3k p<isa) function (PCRF)
awlad)  darsl)
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1400 ) ddlal)
Adlide 3u00 5 e e Jesd Al 3l lial) (e dilide g1 9l dxyJf 802,16 Jlrall Ganaly
Zaal | ,lais COFDMA 3l 4@ _le Mobile WIMAX adiaiy Ldiliae Mis bl e s
Al axdied ) Al ALY e s 8l ediie o AY) il ae D le Luws daE) o3
i3kl e 4eiedl SOFDMA (Scaleable OFDMA) 5 OFDMA (OFDM culilis o
Lgod e Jeally e Vagry b laY) Jliind 8 ol sl 2o 5 jalal Alle de gl 40 54l
sanwidl) L sel) A& Aasind g ilailly g (AL A8l ¢ Jiianall 5 Jus pall G Hlai bk 3 ga s e
LS la/aS 200 slatss &S jay Adasall mawy MIMO (Multiple Inputs Multiple Outputs)
330 3 sy Las dediisal) & nd) (ape Baly ) (S G sl (e A0 5l ARl Ay e

Y Jane

:OFDMA 3585 Juu ¥ 4k .3

s ) Jl U daliadl Basall ase anid o OFDMA aii Jass ¢ 80 Joadll 3 S5 LS
Aol Aaadll o Al je dlitie ddine (S (mnad’ (5 ags ciue il Rl Jdall G S
o e i Jd sl sl Yl s Jed 3 276 IS s e il Jelsall (e e 20u
Jae @l Jal sl wam:w@@i)\sca&u@j

Leiage ¢ el (g Agiall s Ap00 i o) sal) w0551 Clagiadl (e 230 WIMAX el ey
fae il ol il i pat (g pans cpadine JSI Ao A 3L — L) BLEN e e bl 8y e
leaiads of Gpaelil) dlasall (Say A Bl saa )l 5 al ey Slots <y Gk e
iaall Ao il Ao 0 b sal e d3my 5 ml) Gy Ao A0 i 3 ) sl (e Alitie Aland]
aadie adayy (il DG mid, § OFDMA ¢t oo Symbol saaly i, 5 5l Lia
Aaaal o an (S dyse B g6 5 aly Al dhad) b dagiddl Gapnadil) 4 e
Oe 33 Lgre Al je Aane € Ganadiy el sl 8 A gaal dae ) d sl adiiee
Yl 44 JE o . LEY) 5US sy slhaadl 3a0dl 32pas ddaaadl llal Gé, o 5ol
JS dpaclil) dasdll o g COFDMA il ; &5 JS8l Jiay . cillae &35 e <3 o) sl
fmnadd) ol e ol IS udys Aanad B3 de sl Jal sl e i Ganadl L
Adaa ddaadl
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Opediie A e de A 5 Jul s panads e Jbe 144 JKA)
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055 . TDD disgie Alasiul WIMAX lad OFDMA ) &Sl Ve 4-5 J<a) o
«Down Link DL (peddiuall ) Laclall ddasdll (o — ddailed) Adall jaiaia (0 e Y
lagin Jiady Up Link UL dpacldll dasall ) Gueadical)l (e — sacliall dlall yacada (s
1,..,8 s A Jy Wiy «(OFDMA lad ;) Julis e K A#7,... a8 Al Jy 3030 daia ) 5 sad
oo @) A A Jdl sl e

2y e ldl) dlasall i ) 4oy 223 Preamble dnea 4ad y ddalgd) dla gl 4 oY) oy
el Apaeal) A8l o3a axdidiy e canldll HUaY) s w\ Gllaad) die el il Jana
L) sl Ala

Frame J V) Jiall aaay .FCH, DL map, UL map Jsiall ic sene dngail dad 0 b
sacball g dhalel a8 kYl Jsh Jie loasddl (e e seaa Control Header FCH
idadi yall dlisia)l Clasdl) (e ddasa JS JLEall dalal) cilagladll DL map L) Jaall sasy
Aol DA L daaddl Lua 3l @l gl e ddase IS HLa) g ay G dpaeldl) Aand) ae
dasdl) o5 4=5 JSA) 385 Ladasal) odgd lad ) aae 5 dae AN dna Al Jal sall (a5 Adailed)
LJSEN (385 3anmall L 5 Lgia JS) o sad] Jla Y el
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OFDMA Symbol Number

|_k |k+1k+2, ... | | 1 L1 1 | 1 1 I
1—

E —E Ranging Subchannel

E ™ DL Burst #1

—f E. i —
N z B DL Burst #4
g 3 a 2 DL Burst #2
E - wd
3 J|= a T
ARERE- o DL Burst #3
cg —: § (]
= - = n
8| %2 #
S| 3 a 1]
@ | 3 DL Burst #1 3 DL Burst #4

B —

_: =]

3 I

v 3 Lol DL Burst #5
s_ .
Downlink Subframe TTIG  Uplink Subframe

802.16 jlad OFDMA L 4 e Jbi :4-5 J<al

o idai ) Al lanal (g ddana JSI Jl YU dualill cilaglaall UL map Gl Jiall aasy
sacliall dlaa gl P L dacaia) @3 nl ge dhaae S L) 5as Cua cipaclil ddaadl)
Gllhse el a8 4-5 J4) (385 Adasall od¢d il H) sac 5 dae jal) oo Sl Jo) ) Geati
Lo Aaalal) W 5 Lgie JS0 Agae ) dhaaddl ) b YU

Ranging e de i calaa¥ due @l Jo gl (e e (aiadd saclal dlad e
AL ) dleaaWlh Ze) ) Glaadl) (e dae 8l Jal o) @lli adsil s yaa cSubchannels
Al adindy LS el Aaad) ) ledh iy 9 pted) il el el olli st
cJl ) Aol 5 el g 20 il 4y sal) Jaall Gllee o) aY L il Jal s

LS cdabide Tt 5 alaaly cilaas saed aa)y Hl) Gan Gldars Jea 802,16 Jlmall iy V3gas
sae Jeny of 802.16 sl Sl (g aaly Y (Sars - AY U e s JBY) aas s
e 3 clbad) aaY Al —aasl 5mie Gl aaa i LY G e s a b
Ll claadal) clandad
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A ) Al b s 5

PCiSial) Jaaatl) g £ UadY) paaaly ciis L1.5

¥ arey £ UadY) mpmaaiy CaiS (convolutional coding) adhill jue il 4l 3l Aauall aadius
aal el Y Jle U 53l sl aazmds Jla Y1 dga 0 -5/6 53/4 52/3 51/2 w5
¢ BPSK Jsaeil g1 aali b a5 s cilaeall J3a3 35 .30 Waddae) Ji daliall c¥aadl
clhaadll Gl daadall Al dol sl e x5 s oad 16 QAM 16 QAM « QPSK
s a5 b 5 (s Leliant iy e il Jal sall (e ol JLEY) At (g s Dl Rgn (0
o g1 sd 830 5 el g1 83ms asenad) — Al 3l B 4 A) i e Jpuaall
Qe ) IS5 ey doxill o g adiionn S papeadly — Adia Narey el
) sl Ala e |alael

o ) sl sas Jag pd asa g ae Apaeldl) Aasall e Ay B Alna) dasal oS Js 8
) Jane 1)) 56 Nia — e ua i Janas 64-QAM e —iille A5y 53 Juaas Hladid
de aedd = Adeia V) 38 Loyl 580 Gua Agacldll dladll LA sgas e Ly
(QPSK M — dumidie &5, 50 Juaed oadial 5om — 5osad WY e aalil gl
Jine (st Cla e olaa¥l o Ala ) o cldaeddl Gaad 1/2 e — midie a5 Jinay
A4-6 JSa) 3 Gae s LS oLy

Base Station

S Jpaeil) 5 ae ) 14-6 U<
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e Slhadl elliy Laeldl dasall juahy i) sl Alla iy Al dasdl) & il oy
Modulation e Al Jara g Jaaatll 45 ) poay dpae W) ddaadll o 453l (Feed—back axal ) 4l
sacliall y ddailell Ala gl e Adaadll elli au agaladiul cal i @and Coding Scheme (MCS)
AT IR WS caald) UY) (Pla

e T .
| Mcs1 | / \
f)
Input| MCS 2 | Wireless '
. \ channel
Yy N i
] 1
o Lo | N
T T
' Channel state information

_| Demodulation

and decoding

_____________________________

- o U i) Jaeill 5 e il agans 147 JS

Output

Aolie 3 L8 3an 898 Aday 3 Lo Al ddandd Jle Jlu ) Jare oot WIMAX 403 (S0 1380
Gl g 8 Al 5 celbdl) maaiy (oSS Gue i Jares AaDle i A5 aladiuly olly

ey

rlud) o) aaes 2.5

Multiple input— saasiall <l gl il aladind 40l 5l Akl 4 802.16 Jlad) ac
14l ilaaY Multiple output (MIMO)

ddasa olaily Jlu Y Jams 28,1 Beamforming Jle Yl g lad JiS0 2085 Hladin) (5 my @
cAdagiiall Aasall olatly il sa Bae e Jle Y g lad dua 69 SIS e Al

Jw oY) iy 8 ) Space-time coding  SWSall— b3l ae 5l 580 Gadiul gy @
bl ISl e Lol ) s Jlu ) a8 5 LAY Sae 5 s e Cua cle Adase olaily

Al

Aaelal) dasal e &l Ll Ly spatial multiplexing  SlSall aaml) aladin) g ja @
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O Opeddival)l A8 a3 )Y M bk e hila A o WIMAX A%l i o Ly o
seamless 4y 44y ylay 5 A Laeld dlass (o adiiee JU Ll ey (A< DA
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Gliglall Glala b deadd) 335 e de stie Ll WIMAX acx dibiad)) culdlaadl bl
o pae Lpanadd e dlldy e siidl Lilu g5 4 peall cilosdl) Gligla L Ly (Ailial
Cpeddinall (o i€ dae acdl WIMAX aseal (5 2 5 Aedl 3352 Llal e laas IS0 Calie
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FTP i) i oS 585 5 1 JeS clan g jla Jpam sy e il ae
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{a)Low earth orbit:
Often in polar orbit at 500 to 1500 km altitude
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(b) Medium earth orbit:
inelined to the equator, at 5000 to 18,000 km altitude
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