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The WiMAX Technology The WiMAX Technology

for Access Provides access to fixed
as well as mobile stations
broadband access over long distances, based on the |IEEE 802.16 standard
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The WiMAX Technology
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The WIMAX Technology
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can handle a peak data rate of up to 70 Mbps
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The WiMAX Forum
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The WiMAX Forum

Pre—
‘ g o2tk
el [ — pr—
6-13 Mujdat Soyturk, Wirelessand Mobile Networks, Spring 2021, Marmara University

The WiMAX Forum

WiMAX as a Wireless MAN
Technology

The WIMAX forum:

emarging trends in th
ations for the devel

istry, market demands,
of WIlAX

for an end-to-end WIMAX architectura along with
g and integration with other networks such as Wi-Fi and 3G
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WiMAX as a Wireless MAN
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WiIMAX as a Wireless MAN
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WiIMAX as a Wireless MAN
Technology

Mobile communication
Data services
Campus networks
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Types of WiMAX
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Types of WiMAX

Developed bases on he EEE 502 16e stancars. & & cptmaed pamanty
for ponatie and mobile appACatons In 3 NLOS emvronment

Faee Ucbie WAIAX eichaes 30360ns! lestires o 12 moble sacakons
ok s Ran3cfl Beslie Dmer mansgment. channel banda®
scatsbity, hequency reuse. and befier NLOS perfommnce an indocr
penaraton
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WiMAX vs. Wi-Fi

Stanzars WIMAX: 5 based on the 802.16 standard and i sed on WIMANS for
1 ross sroaceanc acoes

WHEL 15 based on the 502,11 stancard and ' used on WLANS. s
Srmarty cee Tor Soserange mocr sckatons
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Types of WiMAX

Deveicpes bases on e EEE 502 16¢ stancard. £ & cpbmares for fasd
appicatons in LOS 3n0 NLOS environments. Prosucts based on 802 160
e svadabie for Sang WIIAX

Fans
The msin Gasdeantage of fxed WIMAX is Mhat & sccess is Fmied 10
| Satances of up 10 12 mbes. 1 s OMicut for fxmd WALAX 1 compete
i estatishec weed lechnoiopes such 3¢ DSL o places whers B
| wres tetecormmumcatin etraskuciure © we Seveiopec
Vcoie
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WiMAX vs. Wi-Fi
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WiMAX vs. Wi-Fi
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WiMAX vs. Wi-Fi

Sinzare WIMAX: Uses 2 schedulng protocol. with 2l the scheduing performed By
he base staton. Lsers Kansmd only when nsincied 10 60 50 by e base
station. Thus. inprives P rekabity of ihe sysien

Wi Uses CSMAICA i brosdeast 3 signal on the network Before:
brosecastng 8 Sevice e 36 e Sevices on e natark 15 i
ansrsice sz 81 i avoes colsen
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WiMAX vs. Wi-Fi

Sinzare WIMAX. Uses e icensed specirum

WiFL Uses e unbcansed specirum
Mode of communcaton “

Cerwatired 2 smwtues

Nurter of users
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WiMAX vs. Wi-Fi

Stanzars WIMAX: Sugports 3 peak data rate of wp 1 70 Mbps. Even # 8 s gl
betmoen varous urers. the Proughput Goes not decrease

WHEL Suppont 8 pesk Gata rate of about 54 Mbss As e rumber of users
Increases. Bis rate wil be shared among the users Bus reducng he
Beoughout
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WiMAX vs. Wi-Fi

WIMAX: As WIAX nefworks are bull for 2 larger sxer base. the number
of users accessing he network oo nol afiect Tem.

WFL i Wi Finptmorks. a3 the number of Users ncresses the effcency
o the netacn secreases.
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WiMAX vs. Wi-Fi

Dsta rate
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The IEEE 802.16 Family of Standards

Version Descrpton

862.16-2000 Thes versaon was the frst amencment of the standard i uses LOS.
Communcatin, ang exiemal antennas provde 2:5ess 10 e netacrk

Ths rersion, howeres was not adequaie for broadband wweiess access

02 16s

Boz18e

802 180

a0z 161

80z 165

soz1en

s218

w0215

B0z18
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The IEEE 802.16 Family of Standards

Version e
e This version provides the appications of both 802.16-2001 and 802.16a.
ASsonaky. @ 2iss prredes vancus eahancements 10 fhe protocol Siack
Ths version s conscersd e bae version for lasd broadband mwmless.

02 16s

s0z.18¢

802 180

a0z 161

80z 165

soz1en

218

w215

B0z18
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The IEEE 802.16 Family of Standards

Versor, roron
868.39-206% This version & fhe mast mmportant amendment of 802 16. 3nd was
e | sxbisnec 1o stancarcre B Muichannel 1upont Dav@xaon Seraces
¥ (uu105) sctotons i e kcenses anc uatcensed 210 11 GHz frequency
02160 range
802150 As 2 works on 3 lower range Pian 502 16-2001, 802 168 can provide
= NLOS communication. i adciicnsly slows for the mesh mode of
: coerston st (azatsies commincaton between NIVIEUY 1LtsTEerT
02165
soz 16
0218
w0218
02 16
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The IEEE 802.16 Family of Standards

erver [
802.18-2001 Thes version & an amendment Io the 802,164 specfication & provide
i explict support for mobiy. § i alss refeered 5 a5 B02.16-2005. This
veesion imcorporates e WERO specticaton of the 87 16 standars. i
a0z 184 conaseres the base K07 16 mobie broadbans aweiess speclation
802.16e
Buz.16f
802163
soz16n
B0216
w0215
o218
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The IEEE 802.16 Family of Standards

802.16-2001 T version was an amendment ko Seée 2 Wanagerent informaton
e
e ——
e
e
=
e
e
s
0218
-
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The IEEE 802.16 Family of Standards

ervon Descrpmon
802.16-2001 Thes. version 5 2 armendment 1o 204 procedures and serace
e ‘amencments 1 §12 160 and 02, 15e. § deines nefwosk management
frocesures io enable miercperabilly and eflcen managerment of neteork
02184 fescurces. mobiity. specirum usage. snd sandardze the management
layee for both BOZ 16 et snd mobie devices
502 188
a0zt
sz 165
soz1em
w216
w0215
w0218
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The IEEE 802.16 Family of Standards

802.15-2001

02 16s

Boz18e

802 180

a0z 161

80z 165

soz16n

218

w215

Descrpton

This version was created 1o develop a standard hal mmproves cosmsience
mechanisms. o the Operation of e koense exemgt specium. i alicws for
e o eratisty between Mfierent Geaces and facitaies rastence
Wi cther systems using e same band
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The IEEE 802.16 Family of Standards

Version

802.15-2001

02 16s

Boz18e

802 180

a0z 161

80z 165

soz1en

218

0218

Descrpton

This version is targeted 5 improve the legacy BOZ 16 network's coverage.
heoughout. and sysiem capacty
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Version Comparison of 802.16

Version

202 15-2001

woz168

802184

B0z 180

Descrpton
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The IEEE 802.16 Family of Standards

802.16-2001

802 182

B0z 164

802 180

Buz.16f

802163

soz16n

w0215

[

This wersion peovases mobiley enhancemens 1o fhe 02.16 MIS and ofher
assocated management procecures. T Lses methoGioges thal 2
protocol aeuiral or network management 1 aiso provides speclicatons
Ior e monagemens of multensce Seces
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The IEEE 802.16 Family of Standards
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Version Comparison of 802.16

802 16-2001

02 168

20z 160

Description

- Mode of operation: LOS.

~ Frequency range 1010 86 GHz

- Modulation schemels): OPSK

= Network aechRectures supponed ponto-pont S6d pointdo-
mupoint

- Support for moblty. faed

- Celiradius 1103 mles

- Bieate 3210 134 Mo

« Appications: Sackhaut for WiFi hotspots. rescental brosdband
access. SOHO appications. and replacement of 1 or E1 sendces.
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Version Comparison of 802.16 Version Comparison of 802.16
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Version Comparison of 802.16

-

- Made o operston NLOS

- Frequency range 7105 ¥z

- Maguiston scheme(s) GPSK 308 SOFOVA

- Wetwonk archRechires supponed omt-pont, pont 5 o tgont
s st

w216 - Suport or mobly. oty wah regomal e

* Appicatons
VoI 008 apphcaticns. ang enterprse netwonng

e WiIMAX FEATURES AND
- SERVICES
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WiMAX Features WiMAX Features

F eature Descrpton Featre [
The use of OFOU alows WIMAX 1o operate in NLOS condiions.
Based on OFDM Based on OFDM
Viry high peak data rales Very high pesk data rates
Suppon tor semaany ot Suppon for seaimtany of
Bancwaom 3ng ot rate Dangwiom an oats e
‘Support for mobity ‘Suppor for oty
Suspon tor asvances Suppon tor atvanced
arierna techeazes amienns Iechraues
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WiMAX Features

Feanse Descrpton

WIAX soppots very high peak data raies of up 1o 70 Mbps. i he signal
CORGE0NS are 9000, #ven hagher raies Can be acheved wah the use of
mulipie antennas ang tpatal muligesng

Based on OFDM

Viary high peak data rales

Suppon tor semaany ot
Bancwaom 3ng ot rate

‘Support for mobity

Suppert for advanced
arierna techeazes
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WiMAX Features

Feanse Descrpton

WASAX proses suppor for mobily 15 ensure secure. seamiess
hanciorers. for appkcations ial requre ull mobilfy. i 50 has bull-in
mechansms. for s power or Subscrer Seaces

Based on OFDM

Viry high peak data rales

Suppon tor semaany ot
Bancwaom 3ng ot rate

Suppor for motilty

Suppert for advanced
arierna techeazes
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WiMAX Features

Feanse e

A

Dymars stocaton of
resources

00S suppon

Fotust secursy

19 based network
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WiMAX Features

Featre
The WIMAX protocol stack alows for fhe data rate o scale 10 the avatable
channels bancweith. AS s, scalng can be dynamc. & Can suppor user
roamng m Gfferent networks. wach wdh Sfierent channel bansmcths

Based on OFDM

s

Very high pesk data rates

Suppon for scaiatey of
Danwiom ang oats e

‘Suppor for oty

Suppart for advanced
amienns Iechraues
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WiMAX Features

Featre

The Gesign of She WIMAX protocol stack alows for the use of muliple:
‘antenna technues. such a5 beamioming. space Seme coding. and spatal

ey

Based on OFDM

Very high pesk data rates

Suppon for seaimtany of
Dangwiom an oats e

‘Suppor for oty

Suppart for advanced
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WiMAX Features

Featre

AC WIAX provdes suppor for 2 mumber of modutation and coding schemes:
hat can be mo3ied based on e channel conddions and user
requrements. ALC & veed o marmze e heoughpd i 2 vanable
Redabity channel
Dynamic stocaton of
resources

008 suppod

Rotusi securey

1P-tased network
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WiMAX Features

s WAIAX seppors mefhods sch as ARG that enhance the relabilty of e
Coneciion. i requures. hat e recenrer 2ckasaiecg the recest of 2 data
packet. 1 2n acknomiedgment 5. ot recened e packel s rekansmdies
Retstay 10 ensure seinvery
Dymars stocaton of
resources
00S suppon

Fotust secursy

19 based network

6 - 55 Mujdat Soyturk, Wirelessand Mobile Networks, Spring 2021, Marmara University

WiMAX Features

Feanse Descrpton

P The WILIAX protocol stack i desige

1o support muliple ssers wi
Sfierent QoS mqueements. i prowdes suppor kor constan and vanable

i rates real-tme. and non real brme iaflc fiows. and best effort data
baffe Ths alows reat trae mulmedia seraces 10 be peonded 1o users
Dymars stocaton of

resources

00S suppon
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WiMAX Features

Feanse e

A

The WIMAX reference network archasciure defined b fhe WIMAX Forum
5 based on an ok 1P platiom. Thi rec:

conwergence wih ciher networks

5 cpecation costs and allows for

Dymars stocaton of

resources
00S suppon

Fotust secursy
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Feanse Descrpton

WiMAX Features

e As e base station controls e alocation of resources. the capacy of 3
chanasl & allocaied ynarmcally an shared among MADE ers.
Redabity

Dymamc sccaton of
008 suppod
Rotusi securey

1P-tased network
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WiMAX Features

Featre gton
P WIMAX uses the Pravacy Key Management (PXM) protocel skong wih
$50ng encrypaon wsng e Awanced Encrypson Stancard (AES|
Authanuzaon @ Sore uang e € xiensdie Autentcaton Protocsi (EAP)
Resstan,

whech mioas fr 3 vanety of Lser creCRntas PckiSng e Lsermame s
Cossmort ral cafcsies wnd smart cards
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WiMAX Operational Modes

vimax
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WiMAX Operational Modes

Line of Sight

Transmitier Reconer
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WiMAX Operational Modes

In an LOS environment a signal:
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WiMAX Operational Modes

WiMAX Operational Modes
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Line of Sight

100 WOMe pecewer

p—
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WiMAX Operational Modes
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WiMAX Operational Modes

Adaptive Antenna Systems.
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WiMAX Operational Modes

Multipledn Multiple-Out
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WiMAX Applications
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WiIMAX Applications

{ | Lot e
| Sroscmams Access
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WiIMAX Applications
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WiMAX Applications

6-70

Buri ares
Bronians Senvces
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WiIMAX Applications

6-72

THor €t Areranve
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WiIMAX Applications WiIMAX Applications
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WiIMAX Applications WiIMAX Triple and Quadruple Play

74
<§‘

Service Provise:
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WiIMAX Triple and Quadruple Play

!
\ A8

LS
o v #-

Voice over IP
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WiIMAX Triple and Quadruple Play

WIMAX networks currently
do not offer quadruple play services
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Advantages of WiMAX

High capaciy A single WALAX BS can serve hundreds of usess. i has 2 range of us 15
30 s wih 3 targe! ransmission rate exceedng 70 bgs. Bandmeith
can be mareated by ueng 2 fugher modulaion scheme

NLOS mode of worting
Costszmgs
Faxed and nomadic access

imangrason wen
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Advantages of WiMAX

Descrpton
Hagn capacy The archieciure of WIMAX i highly fexisie. WALAX siafons can be
Connecies eiiher in e pomt 1o-poni o poR- & muligomi archieciure
QoS
Flexie srchascse
sty
Comecaray

NLOS mode of worting
Costszmgs
Faxed and nomadic access

imangrason wen
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Advantages of WiMAX

v capacay
o5

Fletse srcnamche
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Advantages of WiMAX

ragn capacay Prvides QoS on e network fuaf ensures betier seraces 12 Cusiomens.
The e of subchannekzation and cfierea codng schemes. aloa for end
10000 G5 A hegher Gata raie ang lexible schesuing can enhance e
QoS WLAX supports cptemireg handover schemes 10 emsuse DS for
resi-tme sppications.

QoS

Fletse srcnamche
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Advantages of WiMAX

High capacaty Using WIMAX. 2 subscriber can mantain the dafa service session for real
i apokications because d aloms MOrement 3 rehicular Soeeds wihn
he netwcrt coverage area
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Advantages of WiMAX

Advantages of WiMAX

e S O
e e == =
e e 10 siay conmecied ven in noisy or bw sgnal sirengh condtions = sysiems cannot. The NLOS coverage can be ncreased usng Srecional
e
pep——— P——
— ~
= —_
oeRtarsmy T
P e
T T
—
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Advantages of WiMAX

Advantages of WiMAX

Hoh capecly The costs nvolved n devce manutacheng wil reduce wilt fe mass WIMAX can provde both fixed and mobile broadband access &
production of Gewaces and mider 205pion of The standard. Thes competie. customers. Thes allows. for 2 wider range of appications o be Spporied.
S prcing il prove contiderable oSl Savngs 1or subscrbers and .
cusiomens
Flaxtie srcnaschne Fletse srcnamche
victity Moty
Cornecteay Comnecseay
NLOS mode of worting NLOS mode of working
Costszmgs Costsavings
Faxed and nomadic access Faed and nomadic access.
imangrason wen angraten wen
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Challenges of WiMAX

Advantages of WiMAX

e
v casacay WAALAX i e frst ot stamard o ofer P based servces. This B .
S —
recuces capdal and cperaling expenses. aliows muliple sernces o be. =P = o
Qo8 provided over the same platform. and alows lor the rapid development. - -
e
Fe——
— ——
—_—
Ry ——
===
P
T
e ——

imangrason wen
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Challenges of WiMAX

Challenges of WiMAX

oton

| Tracecnal broachans wree amematres such 25 DSL an caie mocem

b are evotnng rapety 3nc provisng hgher Gata rates 1 customens These
P Cata rates alom seruce provEsers 15 prOWGR FCh MuBresa

! accicanons siong win cats 3n0 voce sences WAIAX ey fnd § S
10 match s higher data rales provided.

Spaciruen svmiataey

Inchncioges

‘ Device eveispment
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Busiess Chasenge [

. ey T b ot of o troatit omcin ranes conceasy. Lt
oot o P et o sl 3 satartn smcim o WL

= Alsc Twe servces Oflered ;e Sfferent specinum bands need o be

[atssme s —
stacnensesmoan
Compeng mosen
e
e sersrnns

Challenges of WiMAX

Busneis Chatenge e
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