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Executive Summary

This study is developed by the Working Group of Spectrum Allocation for Broadband Wireless
Access under the research collaboration between National Electronics and Computer Technology
Center (NECTEC) and National Telecommunications Commission (NTC). The study provides the
background in WiMAX technology, the state of the industries and spectrum regulatory issues. The
study thoroughly reviews the current spectrum and regulation activities worldwide, the current
status of Thailand and also provides the guideline of spectrum allocation for WiMAX in Thailand.

Spectrum regulation case studies of some countries are also presented.

WIMAX (Worldwide Interoperability for Microwave Access) is growing the interest as the
candidates for the next generation of broadband wireless access. WiMAX allows the data speed
of up-to 40 Mbps over 10 kilometer distance. WiMAX creates the significant opportunities for
provision of broadband wireless services with extensive geographical coverage. Currently, WiMAX
consists of two main standards 1) IEEE 802.16-2004 for fixed broadband wireless access and 2)
IEEE 802.16e-2005 for mobile broadband wireless access. WiMAX has the flexible channel
bandwidth allocation (1.75-20 MHz) and modulation schemes (TDD or FDD). The table below
presents the technology comparison between WIMAX, 3G and Wi-Fi.

WiIMAX 3G WLAN
802.16e-2005 HSPA 1xEV-DO 802.11
Rev A
Peak data rate
- Downlink (Mbps) 14 3.6 1.3
54 (Shared)
- Uplink (Mbps) 53 1.5 0.5
Bandwidth (MHz) 10 10 25 20
Multiple access OFDMA TDMA,CDMA CDMA CSMA/CA
Duplex TDD FDD FDD TDD
Mobility Middle High High Low
Coverage Medium Large Large Small
Standardization IEEE 802.16 3GPP 3GPP2 IEEE 802.11

*source: WiMAX Forum
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Currently WiMAX forum has worked with the regulators worldwide to ensure the harmonization of

the spectrum allocation for WiMAX. The harmonization of the spectrum allocation has the benefits

to provide the economies of scales of WIMAX equipments thus lower prices for consumers. The

table below summarizes the spectrum allocation for broadband wireless access (BWA) around the

world.
Frequency 2.5GHz 3.5 GHz 5 GHz
Allocation Licensed Licensed Unlicensed/Lite License
US, Mexico, Brazil, Most countries Most countries
Countries Singapore, Korea (2.3
GHz)
Target Operators Operators “Grass roots” ISP

*source: WiMAX Forum

The current status of spectrum allocation for WiMAX in Thailand is summarized in the table

below.
Frequency | Frequency
Status and Challenges of Spectrum Allocation in Thailand
Band Range

Status

O Fixed and Mobile Services are the Primary in National Table
of Frequency Allocations

2.3-2.4 O Spectrum is allocated to a number of Fixed Link services
GHz (39 pairs of channels)
Challenges
O Spectrum coordination between Broadband Wireless Access
2.5 GHz Services and Fixed Link Services

Status

O Fixed and Mobile Services are the Primary in National Table
of Frequency Allocations

2.500-
O Spectrum is allocated to only a few Fixed Links services (2
2.690 GHz

pairs of channels)

O Spectrum is allocated to MMDS but reportedly used only in
Bangkok
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Frequency | Frequency Status and Challenges of Spectrum Allocation in Thailand
Band Range
Challenges
O Rule amendment for MMDS to provide BWA is the
authorization of Joint committee of NTC and NBC (*)
Status
O Fixed and Mobile Services are the Secondary and Fixed
Satellite is the Primary in National Table of Frequency
Allocations
O Spectrum is allocated to ThaiCOM
3.4-3.7
3.5 GHz Challenges
GHz
O Spectrum coordination between Broadband Wireless Access
and ThaiCOM
O Amendment Fixed and Mobile Services from the Secondary to
the Primary is the authorization of Joint committee of NTC and
NBC (%)
Status
O Fixed and Mobile Services are the Primary in National Table
of Frequency Allocations
5.470- O Spectrum is allocated to Military Services
5.725 GHz | Challenges
O This frequency band is aimed for unlicensed spectrum usage.
The technology of WiMAX for unlicensed usage is
underdeveloping.
5 GHz
Status
O Fixed and Mobile Services are the Primary in National Table
of Frequency Allocations
5.725- O Spectrum is allocated to Military Services
5.825 GHz

Challenges

O This frequency band is aimed for unlicensed spectrum usage.
The technology of WiMAX for unlicensed usage is

underdeveloping.

(*) NTC = National Telecommunications Commission

NBC = National Broadcasting Commission, NBC has not been selected yet
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The recommendations for spectrum allocation for WiMAX in Thailand are the follows.

1. Recommendation to have the spectrum allocation for both licensed and unlicensed frequency
usage. The consideration of the licensed frequency band is the first priority.
2. The criteria for BWA frequency consideration is based on
a. The availability of BWA Technologies
b. Frequency allocation of other countries as a guidance
¢. Recommendation ITU-R F.1401-1 for Fixed BWA frequency allocation
d. Laws and Regulations of Thailand
The recommendation of BWA licensed frequency allocation for Thailand is
® 2.3-2.4 GHz frequency band (range of 100 MHz) and 2.5-2.690 GHz frequency band
(range of 190 MHz)
® 3.4-37 GHz (range of 300 MHz)
3. Recommendation works if considering 2.3-2.4 GHz frequency band as BWA licensed
frequency
® Develop the recommendation for frequency sharing between BWA and Fixed Link
Services
® Allocate the channel block of 5 MHz
4. Recommendation works if considering 2.5-2.690 GHz frequency band as BWA licensed
frequency
® Amend rules and regulations of MMDS for BWA usage
® Develop the recommendation for frequency sharing between BWA and Fixed Link
Services
® Allocate the channel block of 5 MHz
5. Recommendation works if considering 3.4-3.7 GHz frequency band as BWA licensed
frequency
® Conduct the interference study of frequency sharing between BWA and ThaiCOM
® Amend Fixed and Mobile Services in National Table of Frequency Allocations from
Secondary to Primary
® Develop the recommendation for frequency sharing between BWA and Satellite
Services
® Use the case study of frequency allocation of Hong Kong as a guidance

® Allocate the channel block of 3.5 MHz

UMMM TaassAAUAILA
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6. In the long term BWA unlicensed frequency allocation for Thailand are 5.470-5.725 GHz
frequency band (range of 255 MHz) and 5.725-5.825 GHz frequency band (range of 100
MHz). The recommendation works are

® Adopt the Lite-Licensed model for BWA unlicensed frequency allocation
® Develop the recommendation for frequency sharing between BWA and Military
Services
¢ Recommend the BWA equipments to adopt the technologies of Dynamic Frequency
Selection (DFS) and Transmitter Power Control (TPC) to mitigate the interference of
frequency sharing
® Allocate the channel block of 10 MHz
7. Recommendation to conduct the further studies of Licensing Model
8. Recommendation to conduct the WiMAX field trial

9. Recommendation to conduct the WIMAX seminar and public hearing.

1483 quimalulagdidnnseiinduazaeuiunefuvanna



‘:’\".‘Tl_.’.‘

] °
unn 1 unu

Tuadian1sl¥uimuesatnelimoanuiirgenie Broadband Wireless Access (BWA) i
a:ﬁammﬂ’ﬁmumnmﬂ‘[u‘[aﬁﬁlﬂuamﬁwﬁaww:maou’%ﬁnﬁwﬁm (Proprietary Technology) @9
Immuuﬁamﬂ'ﬁmum%mhUﬂ'nm%gufu‘hjLﬂuﬁuwi%mULmﬁmﬂﬁaamn dneaninalulad
Fuflunasgiunas qﬂnsrﬁﬁwﬁmmmnmw%ﬁﬂﬂmmmv‘hmus”mﬁ’u‘lﬁ YWIAVBINITHE®
g1nynin3a Economies of scale ag‘lm:ﬁuﬁ@‘iﬁ ﬁoﬁwlﬁqﬂnsrﬁﬁmmﬁgamn msltnuluafiais
atilurednia lunamdanmadszinaswizaining lanasding The Institute of Electrical and
Electronics Engineers Standards Association (IEEE-SA) lawmuanasgiunalulafdmsy
Broadband Wireless Access (BWA) 7ll3uninunasgu IEEE 802.16 Tutasailndidnariunms
quﬂI@uaoﬁni European Telecommunications Standards Institute (ETSI) vlﬁﬁ?mmmmg’m BWA
fi5%841 HiperMAN MIWRIKIANATFIUNT IEEE 802.16 WAz HiperMAN ﬁmmamﬂﬁuuﬁaga%a
AukaziuLazRaguuiug lull 2001 mﬂqmmwﬂssu%ms:naﬂﬂﬁw uiEngnaagnyal
USHnWaw Chipset USEmwanaulsznay lésueaiunans WIMAX forum Sa1iluasensiily
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IEEE 802.16 alhiiluldluiiemaifisnniu ﬁswmﬁé’hu,a:w‘v'a‘lﬁﬁu’lﬁrj'}qﬂns&mn@m@a@
sansoldnuiuiuld 1EEE 802.16 598T03undnTanilain WIMAX (Worldwide Interoperability
of Microwave Access)

IEEE 802.16 %38 WIMAX Qn’«?ﬂaglunéjumm Wireless Metropolitan Area Network
(WMAN) standard Faifluanasgrmeadorilimoddsadvinmslasdssanmen 3 nu. fa 10 nulu
V19nTEe1ae 50 nu. 1WUSN5 Broadband Wireless Access luszauiiias (Urban area) udiag
(Suburban area) W&z TwUN (Rural area) mmsmaa'{ummL%msﬁamsﬁagagaqﬂﬁa 100 Mbps
m’mL%'amiﬁamsﬁagaﬁuﬁﬁammmLLﬂsLﬂﬁuuﬁuﬁuﬂﬁwmu 9 aHIITY i'ﬁmma@@mfu
(Modulation Scheme) A23N319289Ta9& Y04 (Channel Bandwidth) 33AUAMNLITIVIRY YU
uaz sreuvesdyssuni dudu atalsfiau WiMAX forum ldaaihninsanuiimsaess
ﬁagaé’wia'l,ﬂi{

O 40 Mbps gnsumsldrwdensenunlindond (Fixed Access) W8T TaNRLLL

WNW (Portable Access)

O 15 Mbps &W3umsifaudanuuinfoudl (Mobile Access) ﬁﬁ”ﬂﬁﬁﬂmsmaoamﬁgm (cell
site) ATBUAJNLIZVM 3 NY
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maandeauuyliindaud (Fixed Access) wanufsmsiesusadnguninignity (n.a'ao
muquLLa:Lmmmﬂ%*uaoﬁnuun"guﬁu) Adaasagiun faAafuaImIEIUTatIlun
Lmmmﬂfumﬁna:amfaagnwuuanawaws

3L TaNAaLLLWNW (Nomadic W38 Portable Access) mnuﬁon‘mfﬁamﬁaﬁwaﬂmtﬁan
1y (NEpInIUUIaziEaIMATINAULTY unit mmnu) Fasownwlufldneg 16 ud
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L%au@ia‘éumaiﬁmmwm’%agmuuﬁmleﬂ;j ﬁvﬁ"mmé’uLLa:Qsﬁammmanﬁﬁundw Last
mile connection B3mMaiFaydanuuianiuuimsiadduniaunud nadeudaduinasife
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Wusneegmuoluninasaiidszanm 2 Alawasan guas (Central Office) Tuszuzined
\iundn 2 Alawwas DSL a:ﬁﬁs:%w%mwmﬁumﬁaga'ﬁ"a@awuvl,;immmlﬁﬁm‘s"l@i”
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Wireless Access Snﬁsmmmmﬁ'mmm Central Office Wia@inasaiarouuLTaudas
I%LGuaanuﬁgamﬂ WiMAX 3ailumaidannitsiassmansaliusmsiiensdanuamnaiiie
Lmu”ﬁmUVI,@TathaimL%qLLa:ﬁaULﬁuaanuﬁ@‘iwndw
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fUT1961%

3. mudewdeuvusesliiueIonny Wi-Fi amInenio WiFi Hotspot Backhaul Jag1ju
Wi-Fi Hotspot 1#13n15 BWA fiuathaunsmanslufinmsmednsg  drognaiguw suwabu
audm e Sumun Hudu Foia3atinn Wi-Fi axdaslmadendadniusuine fuieitalsw
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Backhaul lwnuia3e9n Wi-Fi Hotspot

4. madendaunusselitiueiatieInséwriiafio wie Cellular Backhaul - luia3adny
Cellular umwﬂs”nauvlﬂmuammmma base station wmwmuaym‘lﬂ msidanda

32739 cellular base station uuuﬂa ‘WdW’m‘ims lease line 97N wired operator (U’Nﬂio
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microwave link %oﬁdﬂ’ﬁihuﬁgo Gt WIMAX snansaldiflumsifoudatasy (Overlay
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5. 1A3021a§InILAINTRIITITME (Public safety service) - WiMAX finwbengugelumsls

2] o a '
IUUULWNW (Portable Access) Svgnildszyndldlufanisamane 15w
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® mMsFamTIaIETN QUnIal WIMAX nndiadszdnandise dmemanindundaya
nngudiymmsidedmaiiimeIazng WiMAX
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BWA 1@l unu eatinaitu Wi-Fi, 3G cellular network 11lué

WIMAX vs Wi-Fi

WIMAX aguuﬁugmmaomﬂ“[u‘[ﬁ IEEE 802.16 ozl Wi-Fi aQuuv‘@ugmmaama‘[uIaﬁ
IEEE 802.11 Jagifu Wi-Fi fimslEnufiuwsnany gunsaimldisuazmangn immhlulouls
wapg a0 wmAGIstn T auudiu audmsd Swmud thunnado aewie 1uen Bavnlw
Al ldsuanuazaanludrisdunesidannuiiguuuliaong dowlin WiIMAX uaz wi-Fi i
inalulaffliims BWA wmiloutuuaiiihwinensliumsfuandrsiiundafie wiFi &
Whnaneliusmslunuiumnaisn wieiilu Wireless Local Area Network sliusmsluiiuiisnia
(Gadikasnin 150 was) mwﬁa‘ludoﬁagagu YU WiMAX ﬁmmL%J‘lumidﬁaga@‘im’jnwﬁﬁ
Aufimshivsmsiinrani da szduiflesumuas wiaillu Wireless Metropolitan Area Network
ot sl nn WIMAX uaz Wi-Fi Saiadudemuussiunnie Lﬁa;ﬂ"ﬁagmﬂuaawﬂm wiemulu
01N sATRLINS Wi-Fi Rlfazidrfadunefidanueiaony Wi-Fi LL@iLﬁaQ’Lvﬁaangjmuuanmms
loanuanufiangg Q‘h‘fﬁanﬂﬁnuﬂ.ﬂl'ﬁ WIMAX  wuanandi WiMAX Sasansniiluldidu wi-Fi
Hotspot Backhaul 971n§173Musa
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WiMAX vs 3G

a 4 a a ' | .
walulad 36 1wraluwladvay Cellular network SINMIWAUNGBLUBILBZTNIT

& ar a v Qv < (3 r-1 wd »
lﬁu‘%msﬁoL‘émLtazﬁawmJua:mmm'saasumssuamagammmgo"l@ waluladl 3G a:ziiagaes

g “
2811300
1. WCDMA T3UNITWAIUIADLUBINIIIN GSM @NE n
Circuit . . -
switching voice High speed circuit  Circuit swilching voice
switching data service (GSM) and
and low speed . GSM .
data services service on packet switching data '
: service GSM/EDGE Radio
. Enhance data Access Network
2G 25G rate of GPRS  oiding IP muttimedia
) L ’ service through IP
- : Multimedia System
GSM  HSCSD GPRS (Release 5)
S LaTEe — OG )
606
%‘K [
S
Ve GERAN
GSM = Group Special Mobile -
HSCSD = High Speed Circuit Switched Data
GPRS = G?neml Pade;OF‘lJaGm Service 3G UTRAN
EGPRS = Enhanced General Packel Radio Service ———e- -
EDGE = Enhanced Data rate for Global Evolytion l
GERAN > GSMEDGE Radio Access Network
UTRAN = UMTS Tetrestrial Radio Access Network
UMTS = Universal Mobile Telecommunicaions System .
HSDPA = High Speed Download Packel Access Radio Access
Network of UMTS
d o
UM 1 aauimayes WCDMA

4 = o i oA
¢cdma2000 TINMINNUINDLUDINIIIN cdmaOn

Supports voice

2.

Supports voice Double voice capacity

and data with and data with and supports data with
speeds of upto speeds ofupto speeds of up to 307 Kbps
14.4 Kbps on 115 Kbps on

on 1.25 MHz carrier
1.25 MHz carrier 1.25 MHz carrier :

2G 3G

L 2.5G

AMPS  .4maOne cdmaOne  €dma2000 1x (phase 1

By (1S-95A)  (1S-95B)

cdma2000 3X (phase 2)

e ﬁogﬂﬁ 2

)

cdma2000

Total packet switching
service with IP

multimedia support
3G
UMTS (HSDPA

WCDMA HSUPA)

enhances downlink
uplink data rate

_
1xEV

(1XEV-DO, 1xEV-DV)

Double voice capacity
and supports data with
speeds of up to 2 Mbps
on 3x1.25 MHz carriers

& _a

sUN 2 5w
u

1853 guimalulatdidnnsetinduazapufinaoiuvnia

Optimized for high-

speed data up to 2.4

Mbps (downlink) on
1.25 MHz carrier

AUINTTUBY cdma2000

v
Integrated voice and
data with speeds of
up to 3.09 Mbps on
1.25 MHz carrier
(Release C)



WIMAX ﬁv‘urug'm&rmnl.ﬂ%mhuﬁa%la ¥30 data network 133015135 BWA naluuuy
Fixed &z Mobile ﬂaqﬁmﬂaamnmwﬁuuLLa:ﬂi:Eﬂ%mwlum's‘l’Emu VolP ﬁgai‘fu ﬁafu;ﬁ’ﬁ%’io
an30lF9m VoIP rweiatng WiMAX Ssmsldomiiazdsnwasilndidssnumslaonm
Tnsdwridofia urusidinaniu 3G cellular network Fefiugnuananmslivsmaidosuazfimawanin
Joanugwnanliiuddayaanuiigela dld 36 musndhisdumafifiarinwadatiin Cellular
daiuaziinldinng WiMAX fu 3G fgmgnimdeniu nanug  gliinmislnsdwiiefiolas
wiMaX iugusislun1sliuing uedune Q‘lﬁu‘%mﬂmﬁwﬁﬁaﬁaﬁﬁmwmﬁmwﬁoaaaLﬂﬂIuIaﬁa:
m‘%uﬁ'uua:ﬁ'uﬁmﬁa:ﬁgmgnﬁwm?z‘auﬁmwiﬁ"laimmmwmmuﬁu%‘fazmemgmi Ga051a7 1
uaaImMsIBufsuTEnINg WIMAX, Wi-Fi uas 3G

#1519 1 MstUSeUAgUTERI19 WIMAX, 3G, WLAN

WiMAX 3G: WLAN
802.16e-2005 HSPA 1xEV-DO 802.11
Rev A

Peak data rate
- Downlink 14 36 1.3
(Mbps) 54 (Shared)
- Uplink (Mbps) 5.3 1.5 05
Bandwidth (MHz) 10 10 25 20
Multiple access OFDMA TDMA,CDMA CDMA CSMA/CA
Duplex TDD FDD FDD TDD
Mobility Medium High High Low
Coverage Medium Large Large Small
Standardization IEEE 802.16 3GPP 3GPP2 IEEE 802.1u

*source: WiMAX Forum
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unfi 2 anwiAugwnalulad IEEE 802.16

IEEE 802.16 Working Group ldWanuazimuamnasgiwludinaes magaudalime
w38 Air Interface Ua9 IEEE 802.16 Broadband Wireless Access Standard lapldfnualugasdiu
vasullslanaa @8 Physical Layer (PHY) Uaz Media Access Control Layer (MAC) @T\igﬂﬁ 3lu
udazsulislanaaffnisimue AMANBMUEMIIANITDYA nsFeRSLANURDY Gr0gNsTaIN3
Awualudu Physical layer 1B anudlunslion YWINVDITAIRY Y0 (Channel Bandwidth)
Modulation 14d% #2uT% Media Access Control layer L4 Media Access Control, Quality of
Service (Q0S), M3NANNUsaais (udu Fsluidafiazidoniansuneguana Uy

Air Interface \ /

»
T -~ N
/E\- \
P! \
Subscriber Station \ .
(Client) \ Base Station
\
________ L
'_ —— e ——— - —_—— e e - ———— oy
| N TR |
MAC Convergence Sublayer « ... |nterface to upper layer (ATM, |
| (ATM, Ethernet 802.1Q. IP) Ethernet, 1P. 8021Q) |
|  MACSAP d
| © Common functions of MAC I
% MAC Common Part Sublayer -4 —— (Packing. Fragmentation, |
| QoS. ARQ) I
|
| MAC Privacy Sublayer . ... Authentication. Encryption. I
| Key exchange }
| X Frequency, Channelisation |
> ) Ranging. Power control Tx, Rx I
| E Physical Layer <4 - Single carrier., OF DM, OFDMA
| Error Control |
Y \ QPSK, 16-QAM. 64-QAM |

JU 3 IEEE 802.16 Protocol Stack
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2.1 s 1GA1AUDDINIINAWINIAIZ % IEEE 802.16

® nyngIAN 1999, IEEE 802.16 Working Group Vloﬁ”ﬁ’nﬁm%mﬁaﬁ@ummmgménﬁu
Broadband Wireless Access Working Group ag;mulﬁaoﬁﬂ‘i IEEE Standard
Association (IEEE-SA) Ysznaulddpinidussiam annwiiosnusy uduvianauain
mlanTuiuRaunasgu

e  FunAu 2001, MAIFIUNINTE IEEE 802.16 ldritumsusesBefiFedn IEEE 802.16-

4 =« o '3 & . .
2001 @aLflumstimuaanasgiu & wmil Fixed Broadband Wireless Access (aunsnk

'
=l

Lﬂ‘%fmi'ml,l,azgn’zimamﬁv'aagﬁu )LLa:Y‘mmﬁmeﬁuﬁﬂq 10-66 GHz
o 1uil 2002, @33 u IEEE 802.16a Qnﬁ@um’i‘]{uua:vl,@ﬁunws?usauﬁ‘aLﬂummgmm’%u
#1031 IEEE 802.16-2001 (Faifludanasgumnan) IEEE 802.16a Mwuanasgiu 1wl
Fixed Broadband Wireless Access Lwiﬁwmﬁl,mmﬁu%ﬂq 2-11 GHz wazluii@oanugs
ANIANAUINNRTTIREDURRIDNIATFIUOINNT GIBEINTU
" |EEE 802.16¢ fNWka system profiles m%aqmauﬁaé’igoﬁumaoizuu a1

v

a & o o a e & o A A e 4 =
NNG@]Qﬂnimf‘nN']'a‘ﬂu'ﬂﬂﬂ’]'ﬂu@l“ﬁ‘luwa@ﬂm‘”’}.laﬂ@]tad“iﬂaﬂ%ﬂﬁuﬂl&]uﬂqi

U

o

f19ua Interoperability Specification Lﬁa'l,ﬁqﬁnsnimnsmgwaﬂmmmﬁwm
syunulaun system profile SwLHBIN®
® |EEE 802.16.2 ‘fidﬁ%a”‘h Recommended Practice on "Coexistence of Fixed
Broadband Wireless Access Systems" in 10-66 GHz BB mmgﬂui{ﬁmﬂu
mMyfmuaum sz lumseanuULLAzAaIS UL Fixed Broadband
Wireless Access Lﬁamuqué’ngnpmmmulﬁaglusxﬁuﬁLﬂuwzau TFfuszun
Y‘mmﬁLmUﬂﬁu%q 10-66 GHz
®  |EEE 802.16.2a "JJjGL‘ﬂu Recommended Practice on "Coexistence of Fixed
Broadband Wireless Access Systems" in 2-11 GHz A BARINY IEEE 802.16.2
wdssfidunasguimiussuuivhnufiuauaduing 2-11 GHz
o 1uf 2004, IEEE 802.16-2004 1#3un"330589 IEEE 802.16-2004 l637U33031a3311

d‘; ) w J 3 a
IEEE 802.16 mwmnau%mmwLﬂummg']umm

o luil 2005 11A33 W IEEE 802.16e Faiiwanasguaiulinuanasgiu IEEE 802.16-2004
a var o A oA o P
\#858951 Mobile Broadband Wireless Access ld3unsiusosilaidiantuinay 2548 9d

FaFuninasgwiunemsin IEEE 802.16e-2005

o dmsmdudosnasguanulsoaioumeieins IEEE 802.16 uu ldimsimualil
AP35 IEEE 802.16-2004 WAINNANIANSTAINNMAIY Y st ganutoalnilu
ANAII% FINN4 IEEE 802.16 Working Group Tedurludsudsouazussqalu IEEE 802.16-
2004 aguurlundefiSunit IEEE 802.16-2004/Corrigendum? LLa:uwadaugnLﬁuLauag’Lu
IEEE 802.16e-2005
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w30 luifagiiu (2006) 1@sgrunanyay IEEE 802.16 i
1. |EEE 802.16-2004 u’m‘sgﬂmﬂ%a’ihuvl‘éya’m #1%3U Fixed Broadband Wireless Access

2. IEEE 802.16e-2005 :asguia3a11e sy §1m3u Mobile Broadband Wireless Access

d"@/ Aa v A i [l o ar ar ' [} 1 r=3 AA’
Vst \manmnUmmg'muamayj’lumamaawwm LL@lﬁlﬁvl&l"UE]ﬂa’nﬂdluﬂu

2.2 System Architecture
32Un WIMAX Uszneuludsguninlidyaesdin (ﬁagﬂﬁ 4) fa
1. an1figu w3e Base Station (BS) - A1uauMIiUaITeyaad anniignang nia Subscriber
Station (5S) TmualuwALSMIvesamilyu wia cell wonanii amigmdshwidi
Lfluigm%amiaﬁ'u wired Internet backbone
2. anilgniy w38 Subscriber Station (SS): @adanuamitasiugUnItiagniy nia
Customer Premises Equipment (CPE) gunini CPE i 3 juuuufa
a. Fixed CPE ﬁnﬂia@@?&aqﬂnsrﬁuanmmmﬂﬁﬁm"mmuaﬁmﬁ V% outdoor CPE
1Duein
b. Nomadic #38 Portable CPE qﬂnstﬁmmmwnwwmﬁauzﬁUT@T wdginyniazday
améaagﬁuﬁlummzlﬁom 8199Un 30k 15U Indoor CPE %38 Self-install CPE
Wuau
c. Mobile CPE gunsalmansaldrmlunmzinfandle (Mobility) gUnsal CPE it
8199zag lu3uuuues PCMCIA USB w3a flash Network card ﬁl"ﬁﬁuqﬂn‘srﬂ
notebook, PDA %38 smart phone %14au1aa mobile CPE ﬁa:gnsamﬂuqﬂnsrﬁ

x . P .
WugIUBLIU notebook, PDA %58 smart phone lu/luda

Base Station

Subscriber (BS)
Station (SS) \ /
s ”

UM 4 WIMAX Architecture
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1. Point to Point (PTP) i{lumsideudslaunssszning goigIu nu anfigu wia sning
safignu Ao sonilgnang gﬂLLuui‘Imu']:ém%nwL%amiaLLuuawia (Backhaul
connection) (G‘]Eﬂﬁ 5)

2. Point to Multipoint (PMP) Huwnsidoudasening anfigIu Nu wanp g amﬁgmhuw%"au
i msﬁi‘amiaﬁtﬂugﬂmeé”mm:l"ﬁmnﬁqmaa WIMAX (@gﬂﬁ 5)
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LD Non Line of Sight (NLOS) amiignu fiu amiignuie ansndeasnuldudinediffanang
ANV ammmmu‘lmmmnwmummaﬂa ammwmﬂsammuaanmmm (Absorption) gy
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2.3 Channel Access a2 Media Access Control (MAC)
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o 4o a ' P s s a d
YI'Nﬂ'\Uﬂ'\W?JENn'ﬁSUﬂGmVWULlﬂa:atﬂugﬂ'ﬂﬁﬂ i Usuidaew Forward Error Correcting Code

Rate (§7881911% 1/2, 2/3, 3/4) USULUA8wU Modulation scheme (§18£13911 BPSK, QPSK, 16-

QAM, 64-QAM) Iiimanzanluudazaniwues channel dadoitu tluamsiug  channel i

a A o P o - o
Fygasuniwann (593aldlasgfiszay Signal to Noise Ratio w3a SNR) amilgiuazyiinms

o P aua ' ' a o
tuulfsuguanu@niimeninsaimsas (1w Usuilfew Forward Error Correcting Code Rate,
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2.4 unuadwing I wiinmualasanasgw IEEE 802.16
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IEEE 802.16 vl@ﬂ']“uﬂﬂ'ﬁl’ﬁﬂ']uag 3 LLﬂUﬂau’JﬂL‘l LLGZLL@]G;LLQU?\R%QY}Q%% IEEE 802.16

@0 @y . 49 va o Sa
ldvua auaui@uad physical layer Nl3fiasiee

1.

unuaﬁ’u’?nq 10-66 GHz Licensed Band Lﬂutmm'&'uﬁﬂqﬁﬁaams‘lvamgmmﬁmmﬁ
%38 license LLazeTaamimiéjumaoms‘mmuﬁmﬂﬁuﬁiﬂq meﬁuﬁﬂqﬁaglwﬁwmmﬁ
o8 ﬁotfumsamiaszvmaamﬁgmua:amﬁgmhu Fadasmsmseans
WUL Line of Sight NuNINIV8ITaIF Y IMKI8 Channel bandwidth ﬁl’ﬁaxagﬁ 25 - 28
MHz dlazasdtynno Seaansolianuiléis 125 Mops FIUQUFNTANINIBNIWNATE
physical layer 2784gUn30i WiMAX ﬁv‘hmuummuaﬁu’%wqﬁgnﬁmu@lﬂa system profile
figei

®  WirelessMAN-SC: mﬁuda‘ﬁagaﬁlﬂ’ﬁ single carrier (SC)
ununﬁlu?ng #1171 11 GHz Licensed Band Lﬂuunm'é‘u’iﬂqﬁﬁaams’lnagqml’ﬁ
auiwse license u,a:@i”aamsms@jumaam'ssumuéﬁuﬂﬁuﬁnq lunae g Uszmauny
ﬂ‘é‘u"‘mqﬁWﬁw:aglumeauﬁﬂqﬁ@‘i"mdﬁ 6 GHz M3fadasznisaniigu uasanii
§mi’mmmm§aa’mmu Non Line of Sight ld e21unsvastesdnyameyszning 1.75-
20 MHz §umaulang Physical Layer 28491n30% WiMAX ﬁv‘hmuuutmm'&‘u“mqi{ﬁ

o Qs Qs ;
m3yinua linane system profiles @9it
®  WirelessMAN-SCa: ms%’umﬁagﬂ'ﬁ single carrier (SC)
ar . 2 @ . da .
®  WirelessMAN-OFDM: mﬁuaamagalwmu sub-carrier 14N13 modulation

WUY orthogonal frequency-division multiplexing (OFDM)

®  WirelessMAN-OFDMA: ms%'uzviaﬁa;ilal’ﬁmm sub-carrier ﬁﬁm‘i modulation
WY orthogonal frequency-division multiple access (OFDMA)
uauAAwing N3 11 GHz Unlicensed Band \fluunuadwinglidasnmsluayaa
mildanuiiniae license LLa:'l&i"l@T%'umsé:ummmﬁumu@'ﬁuﬂﬁuﬁnq MshadasTzNing
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iaaalamanaIfyyIIuNIuIYL EIuamANDANIY Physical Layer 2899Un30k WiMAX
ﬁv‘iwmnmmua‘é‘u"“mqi‘fgnr‘imuﬂ‘[ﬂu system profiles Paetn
® WirelessHUMAN: High speed unlicensed metropolitan area network (HUMAN)
masedayaldauguuda single carrier, OFDM, OFDMA wudeanudad

2

] wa [2 - L .
M15197 2 LARIALENI AN Physical Layer maoqﬂnsm wiMAX Tuuaay system profile
9

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

IEEE 802.16 ldthwuaagnantrag dwiuununawingilisuuszannanirovestesdyago lag
Lildanzasuinenaslinldanuiiinils ua: anunuessesdgaroila domauaield
Raanufangulunisi 1EEE 802.16 TlFuais agslsimuiadumssadymiiens:
\Aedwilasann visngningUninlduienlainsldduiansiag Aaasstiugemanin
AeldiReduwinislousauiu (Interoperability) ‘léf doriu IEEE 802.16 @t muasssdudmiy
anunavastessuanmlilu system profile (saznandnafslwiadedt 2.6) dammmﬁu‘iﬂqw
swlifimsimuamamlunaspvudindonsiuivulonemssasssenaivasudasszine
u@aenalsiarn WiMAX Forum 1832 @uanuny International Telecommunication Union (ITY)
uaz Regulator 2a3udazUszine waliimssaassanuidwiumsleanu wivax Wduwlylu
AAMILELINY

2.5 Physical Layer (PHY)
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#lflu wimax inaluladfisassu AmMaNTA Non Line of Sight #iia OFDM uaz OFDMA W1z
Modulation ﬁt\‘iaaddﬁﬂi:ﬁﬂ%ﬂﬂ‘waluﬂﬁiLLﬁﬂtyﬁﬂLéad ANNUANEIVaIIA lkldazRianIve s
qm (Delay spread) Waz ANUUANGIIVBITY Y LG eIy (Multipath fading) lumsasuuy
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lumad §o6 uivnuiaguninl wiMax sulnaasdanldinalulad OFDM émivaunsel
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azgnldlugunsnl Mobile Broadband Wireless Access w3a IEEE 802.16-2005 1ws1= OFDMA &
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§U1303895UM3 Roaming lddni1 OFDM aghslsienunmsidenldinaluladaesinnalulad
Iwuinanzniu Fixed %38 Mobile Broadband Wireless Access Siutialaidmsanasmwiluiusinas
vanisngnianuanaulildinalulad oFpm 15ulea Fixed oz Mobile Broadband Wireless
Access Lwimo‘ifiﬁm‘?uﬁ@ll‘ﬁ OFDMA &3 Mobile Broadband Wireless Access (¥4t Wazsail
vuingduialdaeanalulaiiniude lufianis downlink 14 OFDM Tufians uplink 14
OFDMA aziuldingunsniandrsuisnisiinnuuanarswainnaioin gunsnidhanaluladnu
azlimanIndedariula nanafie gunsal OFDM a:vl&immsnawiagaaﬁvlﬁﬁuqﬂnmi OFDMA
agwlifinuanudainveseaenatinnadongulumslionueniudnsnauwiraynan
dszianlnuazmanznumsitanusiale

Tudrudalufasnaneziiuatunsludiuues Physical layer AAg29a9iy OFDM ilunan
fusznausay Physical layer Usznauaisnana@iu ﬁagﬂﬁ 11 1flmsuans process AAaTuli

Physical layer

Reed Solomon & QPSK
Convolutional Coding 16 QAM
(RS-CC) 64 QAM

Sasmber | | FowardEror | | .
(Ra zation) | _’!Corredion(FEC)' - Interleaving Modulation

OFDM __p CydicPrefix

Pr G | insertion > Fitering + —-pm  Upsampling [

o ..
JUN 11 Physical Layer Process 8151 OFDM

Lﬂﬂﬁﬂﬂﬁittfﬁﬁﬁagaﬁﬁﬂwaﬁﬂ (Forward Error Correction - FEC)

Forward Error Correction i):’d’.lUm’mfﬁ'uLLa:LLrﬂmﬁ@ﬁaﬂwm@lummzﬁéd"ﬁa;&alﬂumi’mU
ARIZAU signal-to-noise ratio ﬁﬁaamsaa Forward Error Correction (FEC) %ztﬂum‘iW’N"ﬁayjad’m
Aldgmsumsasasuussuslodafifiawana (FEC bits) Vlﬂﬁuﬁagaa‘%a ﬁdgﬁﬁ 12 ﬁlﬁmﬁum‘%a
receiver ﬁﬁ]:@‘hmmﬁagaﬁlﬁuuanﬂ‘%nmﬂmuﬁu FEC bits wani %agji"?ummmmmvlﬁ’hﬁﬁm
wufidanufianaafaduudavinnsusly wansld Forward Error Correction fi #auwed FEC
bits 1’7‘1LﬁuL’ﬁ'lmﬁmfﬁn‘Ju&hmﬁuﬁvlajvl,ﬁmsg’ﬁagal"ﬁam wiai3unin overhead Gaviunnus ) lugs
ﬁagas'mmwﬁw:gnawaugn'l:ﬁ”tﬂz%m%’u overhead vl ivesmsdstayaaiaandl
N519USu 4 overhead 289 Forward Error Correction lugill,mu"uaa coding rate (43w 1/2 , 2/3,
3/4 \Judiu) dr0875u 6119 Forward Error Correction 698 coding rate 1/2 thanuis2 lunisas
ﬁayja‘smag‘iﬁ 2 Mbps @TﬂfummL%aqn%vuaomsdw"agaﬁﬁoagjﬁ 2 x 1/2 = 1 Mbps tnaitadild
\fw Forward Error Correction (FEC) lu WiMAX 2z1% Reed Solomon & Convolutional Coding (RS-
cC) 9azlW coding rate fuandraiu (w 172 , 2/3, 3/4 1Judu) B9 Code rate Hasfsaunsn
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Code rate Winsnzaufuan1zuad channel lunmzing  dathazu 1uam’a:ﬁé’mmmmmu
aulusmummuwalﬁm@mmmwmmawauaaUlusmum sningefinsusuld codmg rate i
awumaa@ overhead ummmmsmawuuwmwmaaU'l,u?@mvmamuvlm Vean AR LI
mmuaﬂ’lmmuammnﬂumm@wmmrm 9w Forward Error Correction ligansaviimsuilyle

Sednelimafiauinifufie Automatic Repeat Request (ARQ) snaLﬂumsaa’uauamwmmal,mun
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Corection (FEC
LDAT.A___ Correction (FEC) DATA

31/?1’ 12 Forward Error Correction

Adaptive Modulation

Modulation #ifmualuinasguille 4 sUuuufe BPSK, QPSK, 16-QAM uaz 64-QAM lu
Modulation %13 4 gﬂuuui{ 64-0AM S amsastayagegausiazininmlumnuda
fygnmsunulddge lumenduiu BPSK Wusranimwlumamudedygasuniuldgegeus
WmmL‘%ﬁlumsdaﬁa;&avlﬁéﬁqm ¥4 coding rate uaz modulation §NIATANUFURUSAL Aw
nun sy MsuMuLazanuRsld dotudesfinsiiasuves coding rate uaz
modulation lWinanzauiuan1z189 channel 1u°um:1fw] F93unmaiiaitin Adaptive Burst
Profile g‘ﬂ‘ﬂ' 13 wg@y Adaptive Burst Profile Faimaiouuras coding rate W&z modulation T
WMANZENAUANNUIIVIFY Y AT IZAURTY I MIUNIU B30 Signal-to-Noise Ratio (SNR) e
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3 & 4 ]
A13191 3 ANASMUAaE Channel Bandwidth

Channel

Speed at Modulation&FEC Code Rate (Mbps)

QPSK | QPSK | 16-QAM | 16-QAM | 64-QAM | 64-QAM
Bandwidth |45 3/4 112 3/ 203 3/4
175MHz | 1.04 2.18 2.91 4.36 5.94 6.55
3.5 MHz 2.08 437 5.82 8.73 11.88 13.09
7.0 MHz 4.15 8.73 1164 | 1745 | 2375 26.18
100MHz | 831 1247 | 1663 | 2494 | 33.25 37.40
200MHz | 1662 | 2494 | 3325 | 4987 | 6649 74.81

2.6 IEEE 802.16 System Profiles

v o Qe A v A e v oa A
IEEE 802.16 léiua System Profile wianmautavasaunyol inalduisnguialdls
a o o ,
Wuuwamslumisenuuuiazningunsn WIMAX a9l 4 uaasdiating System Profile 184
. A Y wa o o .

WirelessMAN-OFDM @adsznaulddas profile wie AMENUA §113U Media Access Control Lae

s ar . ) @ e Ao o o a wn

profile 13U Physical Layer luudiaz profile sasgmldrimuadidiudsndanydnivgmauila

& o [ . JVL. @ . o o d a P

2999UnT0E MnanTsazANNa léd system profile nanitlildianzavilildnuiiunueiuingd
il Sudiestmuen maadauLaua NN I TaIF U N DUINU @22E191T1 ProfP3_1.75

d " A A = C‘d U s
\lu Profile lugupas Physical Layer 2a4gunsal WiMAx flfinalulad oFDM Afimsldnudae

v ) At A I A e
ANUNINYDITOIRYYIUN 1.75 MHz RULTEAT

@13197 4 IEEE 802.16 System Profiles 11151 WirelessMAN-OFDM

Type of
Profile Name Descriptions

Profile
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 ﬁ Channel Bandwidth 1.75 MHz
ProfP3_3 PHY WirelessMAN-OFDM PHY Profile ‘ﬁ Channel Bandwidth 3 MHz
ProfP3_3.5 PHY WirelessMAN-OFDM PHY Profile ﬁ Channel Bandwidth 3.5 MHz
ProfP3_5.5 PHY WirelessMAN-OFDM PHY Profile ﬁ Channel Bandwidth 5.5 MHz
ProfP3_7 PHY WirelessMAN-OFDM PHY Profile ﬁ Channel Bandwidth 7 MHz
ProfP3_10 PHY WirelessMAN-OFDM PHY Profile ﬁ Channel Bandwidth 10 MHz
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2.7 WiMAX Forum Certification Profile

e vansunitires WIMAX Forum @ia iwua specification 3@ certification profile
fnTugdninl WiMAX Lwaimmumua@Laan'l,’mﬂuu,mmolumwamLwa’lﬁuu'lﬁm gunsnfan
mwwammmsn’lmwmwnu"[m %97 WIMAX Forum 3a¥in@avinmsiaan system profile AifMua
vl,i‘lu IEEE 802.16 (dafiuansliluiada 2.6) andariuiu certification profile &9 WiMAX Forum 1
profile uml’ﬁlﬂwan’lumsmnaamm:smaoqﬂnsm WiMAX 9NUTHMEHEA6NS 9 Fauanaaf
Fauauszning WIMAX Forum Certification Profile lwifadafl i IEEE 802.16 System Profile Tu
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€ a A 3 &
FOAUNITUNITIOFIIAIUNLIIRAL §) ﬂ?tLﬂﬂl%Iﬁﬂﬁ'lﬂill Broadband Wireless
= o o Y ' P 4 a <
Access Iuanguildnansi (a.q1. 2005-2007) a:govl,ﬂﬂ 3 UDUAAWINGAWANIIIN 8

= | i P
M195191N 8 ANNDNFINTU WIMAX

Frequency 2.5 GHz 3.5 GHz 5 GHz
Allocation Licensed Licensed Unlicensed/Lite License
. US, Mexico, Brazil, Singapore, | Most countries Most countries

Countries
Korea (2.3 GHz)
Target Operators Operators “Grass roots” ISP

Source: WiMAX Forum

d a a ° (% . a
meau’mqmnm 2.5 GHz uag 3.5 GHz a:gnm"lﬂlmmuuu Licensed I@U&J

o o ' 1 d = o o 9w
\hnang@ iy Operator Tw1alnY EUAUARWINYLUTIM 5 GHz a:gnmvl,ﬂlmmuuu

. < . . I o ar < d9 o a & 4
Unlicensed %38 Lite License lagfiilwunsdmsyu Operator avadnilwuInmsluwunmuumn

AoV a a a ¢ = v & o < o a
Ylf;ld‘l&l&lﬂiﬂ'ﬁﬂulmE]'SL‘N@]L’U']H\‘I GNEIIYI 14 WERHININIINVDINMUDRIMIL Broadband

o o . o . . ) o d
Wireless Access 831 WiMAX uazleuanafla WiMAX Certification Profile luilagiiuuaziiazil

&
Fuluauna
ISM *WA-Fi :
4
2400-2480 . - d0211a o i
! 3300-3400 it 54706725
802.11blg i [ ] nitial WMAX Profile : 5
” . Future WIMAX Profile
| | | | | | | | |
I Foe s . )] T i . ¥ . i 1 li 1 1 ] Ra " . .
2 R — —_— 4 GHz 5 — — 6
WCS MMODS 3.5 GHz Band Low&Mid Upper
2305-2320 2500-2690 3400-3600 UNIlBands  U-NIISM
23452360 2700-2900 5150-5350 57256850

U7 14 WiMAX Spectrum
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3.4.1 unun%‘u"?‘nq 5 GHz
uouARWINYEM 5 GHz flwnmeg ﬂs:mﬂ"l,ﬁﬁ'@aﬁﬂ'rmﬁLLa:Qnﬁﬂﬂl’Eam‘lu
3Uuuy289 Unlicensed %qﬁ’mu@ag‘lu Unlicensed National Information Infrastructure (U-NII)
U-NII Band dvznaudis 3 meﬁu’iwq Ao
® Lower U-NII (5.150-5.250 GHz)
® Middle U-NII (5.250-5.350 GHz)
® Upper U-NII (5.725-5.825 GHz)

! 2o d &, a

Tugurad Lower Laz Middle U-NII band lunansiszineladaassanaudinwid niu

o @ A9 o o 8 o @ VA @ ' ) U4

qﬂm:ﬁaams‘hmmlmmma'l,umms‘[mmn@maaaavlumu 200 mwW dhathaitu gunsal
0 A ] Gl Q o Qv

802.11a Wi-Fi uas Cordless Phone &auinuaanud buenu Upper U-NIT ldlinmsdaassdmsu

A v a i Ao o o «a
atlnsol 802.11a Wi-Fi 1iNa LSS Wireless Internet Access MeuuanaIAINamnadss it

9
a &

4 J0q

uanmmmmﬁuﬁﬂqﬁamwaa U-NII u,é"aﬁaﬁmsﬁwummmﬁuﬁﬂqu;uu Unlicensed
RLRude Lmuﬂéu%q 5.470-5.725 GHz 3nnm31lsegu WRC-03 (World Radio Conference),
Resolution 229 %o"l,ﬁﬁ’mu@me‘f&‘u‘iwqﬁém%ﬁ%ms Mobile Service I@Uﬁﬁﬁ@ﬁﬂé’dédgaq@
a1 ‘a"m@i‘gﬂﬁ 15 @ugaenssaassnaud sUusunlfnuuaziadnadumatdigga
(E.LR.P.) vR3UszInaeng 9

mslFuilinanzaudamis Broadband Wireless Access %aamﬁgmﬁ@@%agmwan
91017 AU TrewBAIMIsaasTlunae g ﬂs:mmmjﬂﬂﬁmua'élu%q WRC band
(5.470-5.725 GHz) uaz Upper U-NIl (5.725-5.825 GHz) Fslapyialinaznsnnlas s

wwztnzasiniu uouaduwingsu 5.8 GHz
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EIRP

| | |
1
I Australia | 200 mW Indoor # W Indoor/Outdoor
' T
| | | ]
: | | |
| I |
l ( { | 4w
| TW Indoor!
omw—| Indoor 1 W IndoorfOutdoor Outdoor
us ! Indoor Outdoor
| ! ] | | {
A 1 1 ] |
Japan 200 mW Indoor | { ' !
| | | ] |
1 |
i
Europe ’ 200 mW Indoor —l 1 W indoor/Outdoor !
| I i | | |
| | t |
I | [ |
| | | | 2-4W
| | | | Indoor/
| | Outdoor
China/HK 200 mW Indoor !
| I | I | |
| | | |
| | | }
| | | | 4w
| | | indoor/
1 Outdoor
India 250 mVW edoor FOutdoor 1 W Indoor/Outdoor
T
| | { | |
A
|
| ! 1 ( aW
) ] 1 | Indoor/
| 1 Qutdoor
Talwan | ey I i
V ] 1
| I : : I |
I |
! | t i ' %W
| | { 1 ndoor/
] | | Outdoor
| (i(e-
UK 200 mW Indoor 1 W Indoor/Outdoor license)
¥
| I | l | |
| Lower Mid Upper
bunn ! ouenn | } WRC bou.nn !
5.150 5.250 5.350 5470 5.725 5.825
GHZ
-

gllﬁl 15 5 GHz Unlicensed Spectrum Allocation ¥891/5:ina613 9
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s H o Q- d. = _
anwemssagssanuadmsulsanalngluiaualningusiom 5 GHz

o o P 4 a a va &
smsulsanelnpamusmssagssanud luuouaawingusiam 5 GHz agﬂ'lﬂmu (9

sﬂw 16 uaz@397 9 Usznaw)

Lmummny 5.150-5.250 GHz (Lower U-NII) msmm%uﬂmmmﬂmmamm
(Natlonal Table of Frequency Allocations) "l@mvmﬂLmUﬂamﬂuummumm ufians
nummmi Mobile Service wumadaagaq@vlmnu 200 mW (E.LR.P.) @3
Resolution 229 (WRC-03) 1#ia33n/inasgagaiiiey 200 mw Timnnzunmsldanu
WiMAX é'fnfmmuﬂgu%ﬂqi‘:%\aﬁagli‘lmhzmaon’nﬁmsmnunua%‘luﬁ‘mqa'm%'n
WiMAX

unymmm/ 5.250-5.350 GHz (Middle U-NII) mﬁam%u@mmmnmmww
(Nanonal Table of Frequency Allocations) "L@m%ummmau’mﬂummum’mnams
575137A9M3 Mobile Service mmmmgaq@"lumu 200 mW (E.LR.P.) 93
Resolution 229 (WRC-03) tlasanfasgagaifiny 200 mw Timanzunnsidam
WIMAX é’owfuunu@rﬁuﬁnq%aﬁa gi‘lmhﬂmaoms‘ﬁmsm'lu,nuaf?a‘ufivlqzim%'u
WIMAX

meﬁu?wgf 5.470-5.725 GHz (WRC-03) mswaﬁmu@mmﬁ%qu\‘i’ma (National
Table of Frequency Allocations) "I,@i"ﬁmu@me'é"u%qﬁﬁm'?uwmuﬁﬁlmsswﬁo
A3 Mobile Service fifiasasgogalaitin 1 W (E.LRP.) W Resolution 229
(WRC-03) ﬂm\qﬁmmm?\uﬁﬂqf:ﬁmslvﬁammmﬁamwaanaaﬁwmmﬂ AT
ﬂszmﬁlnmmuaﬁlu%ﬂqtfmmsnﬁwﬁmm‘szim%'umﬂT%Taﬁ WIMAX tuy
Unlicensed ﬁﬁwﬁmﬁné’odagogmhjtﬁ% 1w ELRP) & Hasanduansznusu
Fynnasunutasdofiamsvesnasriweima wazlassnalunasg  Ussnald
éTﬂaiiLLnum'éuiwqﬁlugﬂLLuu Unlicensed

meﬁluﬁwg 5.725-5.825 GHz (Upper U-NIl) mswoﬁmmmm?ﬁwqumvma
(National Table of Frequency Allocations)'l@”ﬁmuﬂLmUﬂﬁuﬁﬂqi{éW%?ﬂﬁams Fixed
uaz Mobile Service lan'liiszyidsdsgogaaia Resolution 229 w99 WRC-03 g
Lmua?iu‘iwqi{ﬁmﬂ%mwuaaﬁ%mwaqnaaﬁwmmﬂ Tasanalunau g Useinels
5@1&53LL§1U@5%§J‘1’|quiﬂuglll,m‘u Unlicensed ﬁmfmmuﬂﬁuﬁnqﬁmmsnﬁwmﬁﬂms
dmSuinalulad WiMAX LUy Uniicensed Té’fménﬁ'ﬂﬁﬁﬁagaqmﬁa‘lﬁﬁ

1Y o “ A o {
Naniz‘l’mﬂ’mamuty’lmsuﬂ’)%ﬂﬂﬂi)ﬂ’)iﬂadﬂwa’m"lﬂﬁ‘aﬂﬁﬂﬂ
S
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(legder finks

A =3 o A o - Qe o ar ) A=)
ajﬂunmau’mqmnm 5 GHz Ylm&l’ﬁﬂu’m’]w%’ﬁm’l’wmﬁiiﬁ’]?\illLﬂﬂI%IGU WIiMAX GGE

A o o Qr L4
® UNUARUING 5.470-5.725 GHz Az 5.725-5.825 GHz SRTUMI MUY
Unlicensed Ltazﬁﬁﬁ'ﬂﬁﬂﬁodagoq@

g § § § §
L e o9 R
Mooy | : : T Sumam [ Eended |1
: ‘Cband [reee : :
- e | n : e Bl B
O phd : : : :
& W 509 5250 : 9’*’9&}&9 & ¢
’__m : Globalstar : ACeS ACeS - | Globatssar
: €2 : € €) | oee

%0 : D500 6250 5826 o415 se2s 1 7075
v Inmarsat : o : arss : 1c0

: +€ {Assigned, bul unused) Es in :

: : P ;

{Assigned, but unused)
& % © f <

S
69“' %.5‘%&" v‘&

G .
MRs 163
Arrex? :

¢ Loww 6CKX -
MURF 208 N
4410 4690 4710 4900 : 6440 8760 6780 @ 7100
N G B N
D MR F.1002 : :
D aenat : :

Uppar 8§ Gl
MURF 3868

) o ) 4 a e o
‘?l/ﬂ 16 NIVARTIANVIURUNUAIUING 3-7 GHz avnsuﬂ7:znﬁ1wa

(5’1\1‘5\1mmanm‘mm NN, http://www.ntc.or.th/uploadfiles/1118285280_im_76.pdf )
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@131971 9 @319 National Table of Frequency Allocations dmsudszindlng

URUAUAARING 3-6 GHz

Frequency Band (GHz) Allocation to services

3.100 - 3.400 Primary:
RADIOLOCATION

3.400 — 4.200 Primary:
FIXED-SATELLITE (space-to-earth)

Secondary:
Fixed, Mobile

5.150 - 5.250 Primary:

AERONAUTICAL RADIONAVIGATION
FIXED-SATELLITE (Earth-to-space)
MOBILE (*)

5.250 - 5.350 Primary:

EARTH EXPLORATION-SATELLITE (active)
SPACE RESEARCH

FIXED (WRC-03, Recommendation ITU-R F.1613)
MOBILE (*)

5.350 — 5.470 Primary:

EARTH EXPLORATION-SATELLITE (active)
AERONAUTICAL RADIONAVIGATION
SPACE RESEARCH

[

5.470 - 5.650 Primary:
MARITIME RADIONAVIGATION, RADIOLOCATION
MOBILE (*)

5.650 - 5.725 Primary:
RADIOLOCATION, MOBILE (*)

5.725 — 5.850 Primary:

RADIOLOCATION, FIXED, MOBILE

(*) Resolution 229 (WRC-03) ri1vué max. e.i.r.p 200 mw §143U band 5.150-5.350 uas max. e.i.r.p.
1 W #%3Y band 5.470-5.725

e aa d a g ' a
5263 quimalulatddnnsoinfuasnouiunesurana



34.2

4 a
ummawmq 3.5 GHz

4d a ' v A o k%
waUARWINGLU 3.5 GHz lunany g Uszinalddaassaruiuazgminluldowlu

. a Ad . o , ) i ,
EULLLI]_HIEN Licensed IﬂumrzammnﬂLmnmanuvlﬂmuuma:ﬂs:ma’lumaﬂs:mmmn,m 3.4-

d a & ° | o
4.2 GHz unundwIngionimualasasaianisldou Broadband Wireless Access lumnane

Usznaluglsiuaziaidy dsanasulngazfimsimuainzesliamsnsnlisdngldan:

. . L& . & v Fe o a a
Fixed Broadband Wireless Access 1Nt muuluﬂs:mammumammmﬁ"lmngﬁzmﬂmﬁa

% 2 . . A a =
mmvn'ﬁl’n\?’mﬂiauwum Nomadic Broadband Wireless Access LmUﬂam‘Ymi{?idLﬂuﬂmﬂﬁ
9

o G o ar . o ' a P )
FAUFINIL WIMAX @1089N50RITAIIND 11

a ~ o % a =
]Jiﬁl»ﬂﬁﬂ“iﬁal,&liﬂ'] MAINIITUININUD 3.650-3.700 GHz
v d
Yazinauauuian vl»ﬂﬁ]ﬂﬁiiﬂ')']&m 3.4-3.6 GHz

o oo A o
dszinaasngu 169ea5507700 3.48-3.5 GHz fiNY 3.58-3.6 GHz (2x20 MHz per
. ) da e
license) ULREBNTINAIUDAD 3.605-3.689 GHz g‘m‘u 3.925-4.009 GHz
(2x36 MHz per license)

) & Qo P
Uszinaelines l03nassanui 3.4-3.6 GHz
a o 9w & o
wawlszinalundy glsy mMasRananaud 3.4-3.8 GHz
a var = A

Uszinaeaaiasiay 30asInanud 3.4-3.6 GHz

= o & o A
Uszinanuarde MsIRTwIaIud 3.4-3.7 GHz

Usztnaduwde Masnasuaud 3.3-3.4 GHz

( d > v v as o Y v d a 4 o
WININUILNANNRIINITHAY UGNaﬂ‘ﬁf‘nUU?:LY]?IVI'JIaﬂV]vL@ﬂG]ﬁisﬂ]quﬂﬁsanqaﬁ

a 4 a a o & . ) ,
wmsmmnuaamﬂqml,’am 3.5 GHz &1%3UU3INNT Broadband Wireless Access (T4

lunivaiusng loun arsiaudu unda 38 laauds aoamsn windln w3

=

lunithaide loun 3w sulaiids lawin edasnm RaUTug

a

o @ o A A =
Zun‘?ﬂgfiﬂ Waunnuszinearidsfaaniuauaduinguiiam 3.5 GHz

q

anuzmsInassanaidmsuilszmalnaluuavadninguiiim 3.5 GHz

o o o 4 a a ve &
mmuﬂs:mﬂ'lﬂUamwzmsa@assmmnlmmmamﬂqmnm 3.5 GHz agﬂ"l, AU

P o
(9397 16 uszan3199 9 Usznaw)

A a . da ( a )
e LLDUﬂﬂ%?WiJ 3.4-4.2 GHz luﬂﬁi’ldﬂﬁﬁu@ﬂ?’mO’JY]&JLL‘VN’ﬁ’W] (National Table of

Frequency Allocations) léfin1sthnuafianis Fixed waz Mobile 1flu Secondary Tasf
#ifan1y FIXED-SATELLITE ilu Primary u,a:ﬁmi‘lfammamnmﬁuﬁwqﬁ‘luﬁams
aLfioy Ao meﬁuﬁﬂq 3.4-3.7 GHz &wsuafivdnoay 3 lufiensnas
(Downlink or Space-to-Earth) Uaz meﬁu‘iwq 3.7-4.2 awsuannfionnoey 1,2,3

[ P
Tufiimyz1ay (Downlink or Space-to-Earth) @agii 17
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3440 3480 3520 3560 3600

3640
[HMHHHHH|TH|E Thaicom 3

3425 3465 3505 3545 3585 3625 Downlink
(v v [ Ivivilv] v ] .
| ] V = Vertical Polarisation
| ] H = Horizontal Polarisation
3400 MHz 3700 MHz
3740 3780 3820 3900 3980 4020 4060 4100 4140 4180

LHWEQJV_TLhJ[:] FﬂT!HJ [ L T

3720 3760 3800 3840 3880 3920 3960 4000 4040 4080 4120 4160
[Z],lvtlj.lJIEIIVJ{V||V|{V\FVIIIIIEI
| |
i !
4200 MHz

3700 MHz Thaicom 1,2,3
Downlink

FUM 17 ugevtessyyIwasnuiivy ThaiCOM

o = @y a . wal o &
angun 17 sziiuldinanaufisy Thaicom laiimsldnunseunguasaansuny
4 o I de o
ARWINY 3.7-4.2 GHz Tufian1s Downlink FatiuinimMsdaasInNUidmMIL WIMAX uuiny
{ = & M var % a ~
adwing{ wiMax alilasunansenudud g ausunInIINaNIRBNNTIZAINUTITDY

o

syprmeifioulizs udsmiguveseifisuldiumsuniuanioms WiMAX
nnMsdnsmMsiaaTanuizesaasgigens (@MAKWIN 3) \flasangaanad
AuAdian Sadlumsonfeswaniasslilidmslnu WIMAX waz FSS uniuiivsnonionn
16 uazHanIANBINLIN WIMAX Uas FSS (Fixed Satellite Services) lianunsaldsiunulalu
Huiidmnulasni Fss lesudyumsunmualdrulidldluonstesdyunm etnelsfiona
OFTA °uaa@iaonaﬁﬁ@assmwﬁﬁLmUﬂ‘é‘uemq 3.5 GHz & iU WiMAX lassaulw Fss lasu
HANTENY WliasnnTasfyNIMed FSS Aldsunansmudutas Free TV vasnalszine
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1. GIDYIATIAFIIANMNIFINIL WIMAX a8t 5eitndand
Usznaaigaining - Federal Communications Commission (FCC)

o - e o .4 ) A A a .
Uszineanigawin leiimsdaassanuduuy License AiunuaawINg 2.500-2.690 GHz dniu
a . A ° @ ar A . A A a [
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A @ va a a a o & A e 4 va
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mmsnﬁwml’ﬁ’luunmﬁuﬁwqﬁ‘l@ﬁ“ OFCOM VL@TéTmammmﬁu%nq 3.48-3.5 GHz §i1y 3.58-
3.6 GHz (2x20 MHz per license) W8z 3.605-3.689 GHz ﬁﬁu 3.925-4.009 GHz (2x36 MHz per
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O O
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O
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FIBNNTIARIIAMVALLD Unlicensed 144 Industry Canada led@assniuaouatuing 2.4
A A a A , P ° I I A . lvd
WAz 5.8 GHz qmLmUﬂamwqwaglumwm:mma wlad WiMAX wnldhe
® 54705725 GHz lapmuamaIfigega Max. EILRP 1 W.

® 57255825 GHz laurmuaiaIsigiga Max. ELRP 4 W.
Useindaadi®siay — Australian Communications and Media Authority (ACMA)

Usenaaamandsldiaassanuiinuy License Razaunsnianldruimalulad WiMAX 7 2
me'é‘u"‘mq?]a
® 2.3 GHz (2.302-2.400 GHz) %aLL@iLauLﬂuLmUﬂﬁu‘iﬂqéﬁm"uﬁﬂmi MDS 1#15ms
wdafidlsmne mwa”amm‘%msmLﬁﬂﬁ%‘lﬁtﬂﬁuugﬂuuumn MDS 11 It
GmLﬁwﬁﬂﬁunmﬁu‘iﬂqﬁ'jwm ﬁdvlﬁﬁn'lsﬁmsm'll,l,nu\ﬂ%‘u%ﬂqi’fmlﬁ'ﬁ'uﬁﬁ]ms
Wireless Access Service (WAS) Taaiimsuis Channel Block 7 MHz famnily License
dofuiinilog lay License azpnaTauAIDIlay AUSTAR uaz Unwired Fadunuay
oSy WAS duszuuieiennslians WiMAX
® 3.4 GHz pnIaETIEIMILAIMT BWA Taufin15uud Channel Block 1Tu
O 2 x 17.5 MHz (50 MHz duplex spacing) @8 1 license ﬁ 3.425-3.4425 GHz nU
3.475-3.4925 GHz)
O 2 x 32.5 MHz (100 MHz duplex spacing) §a 1 license ﬁ 3.4425-3.475 GHz
AU 3.5425-3.575 GHz)
ACMA 51690a33 18 AULY Unlicensed iunuaduing 5.8 GHz (5.725-5.875 GHz)
TaofmImnuamdsds Max. ELRP 1 4 W.

1/5ein@ Switzerland — Federal Communications Commission (ComCom)

va { o o A, \ \ (A
ComCom vlﬂﬂﬂﬁiiﬂ?’lllﬁﬁ'm‘iﬂﬂaQ‘L‘WU']U‘UEN WiMAX E]QU?L’JN 3.4-3.8 GHz

® i) 2000 ComCom ¢iTaulszya License a1y 10 T &5y Wireless Local Loop 71
3.410-3.494 GHz sz 3.510-3.594 GHz

e 1uil 2005 ComCom 'léfﬁi:mm:tfﬂ@ﬂs::ﬂaﬂﬁummﬁ'ém%u BWA lusialnasiizas
A A Hda o & A
2891 2006 NUAUANANING 3.41-3.6 GHz UNanua 3 licenses (Wuaayil 2016) wuy
nationwide #8 Channel block 2 x 21 MHz 37%47% 2 licenses &% Channel block 2 X

17.5 MHz 97474 1 license ‘[mﬁmsﬁmmﬁﬁadagaq@ﬁ Max. E.l.R.P 35 dBW

A P a { a ° ar
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& o a A . A o & o a
“ana N ComCom UG%@]aiiﬂ’J’I&JDLL‘_}JU Unlicensed 11 5.47-5.725 GHz Iﬂﬂﬁﬂ’]iﬂ’m@ﬂ’la\‘]do
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UszinenIvwa - Ministry of Information and Communication

] av e a d . o & a
ﬂi:LY\ﬂlﬂW“avLﬂ&ln']ii]@ﬁSSﬂ'n&Jna’W\TlJ WiBro %uﬂumalﬂau subset U839 Mobile WiMAX
[ A A = P .

(IEEE 802.16e) Imum%u@mmummﬂq 2.300-2.390 GHz lasin15119 Channel Block

& | . a AV o -
pantiu 3 x 9 MHz 6@ 1 license 3431 3 operators n'la license g KT, SKT wsas Hanaro

Telecom
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v a d . o o a a
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. A
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3.600 GHz) Yawuysaaniilu 6 licenses o1y 15 Y udaz license § Channel Block 2 x 15 MHz
(100 MHz duplex spacing) i7armuainlugisusnaansaliuinisud Fixed Service 1y

LAZWAIAIN 1 UN5IAN 2008 399211150 1AL3NNT Mobile Service 16t
ﬂszmmﬁﬂu — Minstry of Internal Affairs and Communications (MIC)

o Ao o . o 4 a
MIC 1dRagIInnuDdInIL Wireless Access Systems NUOUARUINE 4.9-5.0 GHz Wz 5.030-
ar , a . va a ¥ . o v a & A
5.091 GHz 19911 Yozan 32unU Airspan iSudaas WiMAX thalwu3ms BWA wuila
A A a P wo @ o W o]
naengslaifisfiuouaiuing 4.9-5.0 GHz lapf MiC ladrnaiasdigegan Max. ELRP 5

W.

. 4 . .

LLN%LL&JUWY}’]GIY}SQumﬂ&lmﬁﬂw’ﬂmﬂ The Study Group for Wireless Broadband Promotion of
. . a o o o

Japan's Ministry of Internal Affairs and Communications (MIC) WUHBITIATIIANVUDFINIY

P A a
mobile communication TINH WIMAX flunuaduing 2.535-2.605 GHz
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#15197 14 @139 National Table of Frequency Allocations §3uizainasasfitardasn
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-
Frequency Band (GHz) Region 3 Hong Kong
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FIXED FIXED-SATELLITE (space-to-earth)

FIXED-SATELLITE (space-to-earth)

Secondary:

Amateur
Mobile

Radiolocation
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FIXED
FIXED-SATELLITE (space-to-earth)

MOBILE except aeronautical mobile

Secondary:
Radiolocation
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FIXED FIXED
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MOBILE except aeronautical mobiﬂ
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