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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.

WiMAX 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) 5.3 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 2.5 GHz 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
2.3-24 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

FNUMTANHUINNMNIIATTIAAUANND
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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
c. 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)
® 34-3.7 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

FNUMTANHUINNMNIIATTIAAUANND
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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.
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UNN 1 unu

Iuaammﬂﬁu%mim%aﬂﬂlel,%'mﬂmmL%ng‘ﬁ%a Broadband Wireless Access (BWA) ﬁ?u
a:ﬁawwmﬂ%&mmnLﬂﬂiuiaﬁﬁLﬂu‘ﬁm%ﬂ%(mwwwaau‘%ﬁmjw'&@ (Proprietary Technology) &9
I@zmaJLLﬁamﬂﬁmuLﬂ%aﬂwﬂmmﬁagaﬁf’u"l,;il,ﬂuﬁuws'%mﬂwh‘ﬁmm,ﬁaamn Unennmnalulad
GT}GLi‘flummgmnma qﬂmniﬁwammmﬂ@hw%ﬁ'ﬂ"l,ajmmsnﬁﬂq’]m’mﬁu"l,@? YUAVBIN TN
gun3niw3a Economies of scale ag’lm:ﬁuﬁ@iﬁ %’qﬁﬂﬁqﬂﬂstﬁﬁﬁmﬁgamﬂ mMykfuluadade
adluwidria luadennislszimasnizaiwin lasasdns The Institute of Electrical and
Electronics Engineers Standards Association (IEEE-SA) VL@TW@’Nmm@lig'}%LVlﬂI%Iﬂﬁﬁﬁ%%'U
Broadband Wireless Access (BWA) fiFuninanasgu IEEE 802.16 Tutnanafilndifsaiums
qiiiﬂﬂﬂadﬂ(ﬂi European Telecommunications Standards Institute (ETSI) vL@?W@ummmgﬁu BWA
fififain HiperMAN m3Wa1aNA3g1UN3 IEEE 802.16 Uaz HiperMAN Hnsuani/asudayads
MU IR WA A DI AN lul 2001 mﬂq@mﬁﬂﬁwﬁdﬂi:ﬂaﬂﬂﬁasJ uIsnEnngUnIol
USWMWaIN Chipset U3smwanmnamwdsznou lémudinunasns WIMAX forum G91iuasdinyil
WEIHARN b ﬁLi”JmmUL‘ﬁaﬁﬂmiaﬁumguua:ﬁ'@umﬁaﬁmu@ﬁm%’uqﬂmtﬁm%mhﬂmmgm
IEEE 802.16 tialwidlululufieanmadoann ﬁﬁmﬁ'xﬁlﬂLLa:Lﬁalﬁﬁulaiwqﬂmzﬁmn@m;jw%m
swsaldnuiunuld IEEE 802.16 39iiFai5unantanitsin WIMAX (Worldwide Interoperability
of Microwave Access)

IEEE 802.16 %38 WiMAX Qﬂ%’@a%ﬂumjwaa Wireless Metropolitan Area Network
(WMAN) standard Gaifuanasgnmaiatnelfmofidsasivnmslasdszanmann 3 na. 84 10 nalu
UN9NTHBNRE 50 N, 1AUSANT Broadband Wireless Access 143zaUilad (Urban area) autiad
(Suburban area) L8z BN (Rural area) mmimad%/umwﬁ’mﬁ%amsiagag&q@ﬁd 100 Mbps
mwSamiéamif*ﬁagaﬁLLﬁﬁammsnLLﬂiLﬂ'&‘ﬂuﬁuﬁuﬂﬁwmﬂ 9 8819 %%'ﬂﬁua@gl,a%'u
(Modulation Scheme) AIUN319V8ITaIFY QM (Channel Bandwidth) 3xAUAMNLIIVDIFTY YT
uaz seuvasF R mILNIY Ludu adelsfiena WiMAX forum ldauilmansaanasamstesns
ﬁagaé’a@iavlﬂf:

O 40 Mbps gnsumilrwdendauunlindand (Fixed Access) Lzl Toudauuy

WNW1 (Portable Access)

O 15 Mbps &mSumaidansauuuinfanil (Mobile Access) ﬁﬁ”ﬂﬁﬁﬂmmaaamﬁgm (cell

site) mam@uﬂs:mm 3ny
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RUNELAR
—_—=

= . y A P . =2 a v & . '
L4 ﬂ’]iL‘Hﬂ&l@]aLLHUVLNLﬂﬁaWH (Fixed Access) ‘mnﬂmﬂ’ﬁmamammqﬂmmgmmzl (Nao3

AILQULAIENMATUEIINUENTUAN) NAaasagiun Hadanuaimianiuiodnaduad

U

mmnm%’uﬁaﬁm:%ﬁaagjmsmaﬂmms

® mMITaudaLUUWIN (Nomadic %38 Portable Access) nanufimaizandadiuglninian
gt (ﬂa'aamuquLLa:Lma'm’mi'mﬁ'uLﬂu unit Legnw) Aeansannwluideg e e
AU TaNdaLnIaTe qﬂmzﬁgﬂf*ﬂwﬁadﬁﬂﬁaa%iﬁuﬁ%%amﬁauﬁ@ﬁzlmﬁm%w'mﬂiu
M3l uY LA
A 0 A A . = A @ & 0 A
® miTaudauuLLARDUN (Mobile Access) nansfimuTandadigUnInigninnananIm
wnwld wazaunsnldnuasiefeundsanauigelaisunisldnuuuinoud sl

Ludn

mydszgndlinuuas WiMAX Lo

1. mﬂ%awaumaiﬁmvﬁmﬂﬂmul,§a§aﬁm%'uﬁﬁ'ﬂmé‘fﬂuazﬁqsﬁﬁmumﬁﬂ — MINTTANLNT
L%aw@iaﬁumaﬁﬁ@ﬂ’nm%gaLLUU"L%&']UM@ ﬁﬁﬂaﬂﬁULLazgiﬁamuﬁmLﬁﬂﬁL‘%fslmf’] Last
mile connection Tamsiieudanuuiieniuudmassuniounudi msdendedunafiiia
ANUIIFIUDLTAY 15U DSL, Cable modem Ganaluladitu DSL Fasriavasms
Tusnsegmeluvinasafivszanm 2 Alawasann guans (Central Office) Tuszozvingd
\iundn 2 Alawas DSL a:ﬁﬂizaﬂ%mwmﬁuda"ﬂ”ayaﬁaﬂmaﬂsjmmmlﬁu‘%mﬂﬁ
soiuluiuiirwmiosmSefuiivihilnannauadyinalemalumadhiie Broadband
Wireless Access ‘Sﬂﬁanwamulﬂmmﬂ Central Office ﬁ%aaﬂg\uﬂ%aﬂwLL‘.UllﬁmzléTad
I%Lﬁuamuﬁgdmﬂ WiMAX 391 flumaidennitsiiasanusaliusmadensdenuswnesiia
LLMU"L%&W"L@TE]mas’mﬁma:ﬁwﬁuamuﬁ@‘im’h

2. WiMAX z%m%’ugiﬁwm@ﬂmmaﬂmy - Iuﬁqsﬁﬁmm@ﬂmmaﬂmy' mudaudaiaiatng
sewindinaulngiumundesindesdeiudunmaeiatnsuuufisetu magas
%amsﬁaga (Lease line) #38 T1 %aﬁﬁﬂ%ﬁhﬂgﬂums%@%LLazlfaﬁu WIMAX 813150
TWusmadendouuulimefiiudnmadennisfiazmansaldnawnumadendeuuud
88119619

3. mIidoudouuusIalRiuASaT e Wi-Fi sn5134zn30 Wi-Fi Hotspot Backhaul g1
Wi-Fi Hotspot #1313 BWA ﬁ’uaaiwuwimwluﬁmmim:@m6] fag19Tw awINdn
gudmadn Sunun Liludu Farese1ns Wi-Fi sxdasdnsidensdadhiudumaidaials
il Wi-Fi Hotspot snansnidfiaduinasidia e 79550 WIMAX Famwsngni il
Backhaul 1¥nuL@I8218 Wi-Fi Hotspot

4. nadenssuuussasliiue3etensdwiidafia wSa Cellular Backhaul - luta3atng
Cellular ‘lf%ﬁ]zﬂi:ﬂﬂﬂvlﬂﬁ’lﬂﬁﬂ’]ﬁﬂﬂu%%a base station ‘ﬁmzmmag’ﬁ'ﬂﬂ maenda

. L e o4 - ) ) 2
321374 cellular base station BUNUNIEWINIUINIT lease line 371N wired operator (U13A3
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wired operator ﬁa’jﬂl,ﬂuﬂ'LLﬂdﬂWOgiﬁ%ﬁdﬁugdﬁﬂ’J’mLgildﬂ’]\‘l‘giﬁﬁ]vlﬁ) WIMAX 813170
lﬁu%mi‘ﬁll,‘ﬂu point-to-point connection ﬁammmL%aw@iaimﬂmidiz%iﬂd base station
dromnalulad WiMAX luunsnsdh cellular base station san3nLTandanwiNung
microwave link sﬁqﬁﬁﬂ%ﬁhﬂﬁ@a 3t WIMAX sansaldiiunmaidendedsy (Overlay
connection) Lﬁ"aLﬁu%mwwmmsalumﬁ'udﬁa;gaiwﬂﬁ@iﬂ%ﬁimﬁ@‘i’m’h

5. \A3etnudmILAaN1IINTIE (Public safety service) - WiIMAX fianuBiangugalunisld
NWLUUNWANT (Portable Access) %0gﬂﬁ,']"lﬂﬂszqﬂ@ﬂ%’[uﬁmmimmimz S

® MIFEIIVIEIII qﬂﬂmi WiMAX Qﬂamﬂizﬁwﬁsn@hi’m ﬁwswmmsnﬁﬂﬂﬁaga
nngudiymmsldagmeaiiiiueiaing WiMAX

o whpusnmmmIniy WellAvAuaifelu lanaeiuguniieasang i
Insdwi dlafia gnviansly WiMAX mmmgﬂﬁwvlﬂa@ézaLLazaﬁyflaLﬂ%aﬁimluﬁLﬁ@m@g
"L@?asmimL%JLﬁa‘*ﬁaﬂluﬂﬂiﬁamﬁagamnﬁLﬁ@m@ﬂﬂ;jmuﬂamﬁamﬂumi

Uz @I BU TN DTN

®  WBULWNHLARIWN WIMAX mmsngﬂamﬁ“ﬂﬂﬁmawmma AULWANELAROUN BB
' A A o A A a ) '
vxmmwmmaLﬂaau‘nmmmmmmqgamwmaauvl,mmaaﬂuvlm’jl,uﬂm@m@;nauvlﬂg
TsawenunariNavinnIyIinaae lemunaan
6. MIMTNUBUMAITARANFIIWN — luawaaanlng qﬂnmf WIMAX 22323b1%
1 aé d.i a 23 s§ %3 a A 6 & £
muﬂs:ﬂawm’tmmamaummaﬂumqﬂm;ﬁmmmmm@maaumasmm"l,@nﬂnmLLaz

P
FOTUN

wanaNmalulad WIMAX Nanansalvusnis BWA wainugddimaluladduwnaiunsaliusms

BWA lal5uni @a819uw Wi-Fi, 3G cellular network 13141

WIMAX vs Wi-Fi

WiMAX agjuuiugiuaasinalulad IEEE 802.16 vmsefl Wi-Fi aguuiugiusasinalulad
IEEE 802.11 a31i% Wi-Fi fnmsldmnufiuwinans gUnsaim ldinsuazmangn mshluldnulu
wap g anufidiagnagu auudn gudmdn Sumun thuinands aanie uedu Bavinli
dlfldTuanuazainludrisBwmaiidaanuiiganuulime Aol WIMAX uaz Wi-Fi Ll
inaluladfiliusnis BWA wiloutuuafithmansmsliusmsfinandnsiunanie Wi-Fi §
Whmaneliusmsluiuiamnaiin wiailu Wireless Local Area Network @alwismsluiiufisinia

@ A

(3EA%pENIN 150 LUGT) mwm%ﬂudﬁagag& Woue? WIMAX ﬁmwﬁaﬁlumidaﬁayaéﬁﬂhLwiﬁ
AuAmsliusmsnineni fe szeudasumuns wiaiilu Wireless Metropolitan Area Network
G91isn3lF 9% WIMAX uas Wi-Fi Saia3udanuuasiunanie Lﬁa;ﬂ%a%imﬂlanWWm wianmulu
N INAWL3Ms Wi-Fi dlfazidhisBwmnaidanuaiatieg Wi-Fi LL@iLfiagij‘L%aaﬂg'(mﬂuaﬂmmi
ldanusaufidng g ;ﬁ%ﬁa:m?{ﬂﬂﬂlﬁ WIMAX  wanannit WiMAX Sasansavinluléidlu wi-Fi

Hotspot Backhaul @9N1N&1INLE?

FIWNUMIANYUINNMIIATTIAAUANYD
dmsumsdszgnaldmaTuTadmieie 1o wiMax lutlsumalne £3 17



WiMAX vs 3G

A I 2 A ) ' P
walulad 3G uwnaluladvas Cellular network GI8NIWAIMGDLTHBILAZRINITD
TuSmanadssussfansuuazauisnsasiumsiuddayannuiigild inalulad 3G azlagans
AuAe

s A Y oA o P
1. WCDMA 33N INawIaathaddiain GSM ﬂﬂgﬂ'ﬂ 1

Circuit - _— I .
switching voice ngh‘sm?ed circuit Cm:un_ switching voice
switching data service (GSM) and
and low speed service on GSM itchi
data services packet swnt(_:hmg data .
; service GSM/EDGE Radio

Enhance data Access Network

/ { rate of GPRS o : .
2G 256 providing IP multimedia o0, oo cet switching
- : service through IP N °
‘ ) Multimedia System service with IP
GSM HSCSD GPRS p multimedia support
| 6‘0 L (Release 5) )
- \( G, 'm.._\___\ 2 \
Sy |
~ ! 3G
£ GERAN . UMTS (HSDPA
GSM = Group Special Mobile /WCDMA HS UPA)
HSCSD = High Speed Circuit Switched Data 3G
GPRS = General Packet Radio Service UTRAN
EGPRS = Enhanced General Packet Radio Service :
EDGE = Enhanced Data rate for Global Evolution [
GERAN = GSM/EDGE Radio Access Network
UTRAN = UMTS Terrestrial Radio Access Network ' enhances downlink
UMTS = Universal Mobile Telecommunications System ¥ .
HSDPA = High Speed Download Packet Access Radio Access uplink data rate
Network of UMTS

317 1 55wmimsves wepMA

2. cdma2000 TINNIINAIWIABLIaIN1IN cdmaOne @Tagﬂﬁ 2

Supports voice  Supports voice Double voice capacity
and data with and data with and supports data with
speeds ofupto speedsofupto 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 256 36
g\_»m cdmaOne cdmaOne cdma2000 1x (phase 1) cdma2000 1xEV
Gsm | (S95A)  (IS95B)  c4ma2000 3x (phase2) ~ (1XEV-DO, 1XEV-DV)

Double voice capacity Optimized for high- Integrated voice and

and supports data with speed data up to 2.4 data with speeds of

speeds of up to 2 Mbps Mbps (downlink) on up to 3.09 Mbps on

on 3x1.25 MHz carriers 1.25 MHz carrier 1.25 MHz carrier
(Release C)

31N 2 TiwuIn3vad cdma2000
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WiMAX ﬁﬁugmmmmﬂ%mhwﬁaga via data network auNTalRLSINT BWA naluuuy
Fixed L8z Mobile ﬂagﬂmﬁammmmﬁwLLa:ﬂszﬁﬂ%mWIumﬂ"ﬁmu VolP ﬁga%u ﬁafu@%ﬁa
N300 VoIP rutaiasng WIMAX d9msldauiie=danwasilnaidssrunisldom
Tnsdwridofia umueifinariu 3G cellular network Safiugiuananmsliuimadsuazinsvam
Jaanumanaaliiusdaysanuiigeld gl 36 sansnidhiisduinaiiiiaruiaiatng Cellular
FariwazAinldinng WiMAX fiu 36 figrugndnfiieniu nanog  gliusmsTnsdwifiafiadones
WiMAX iduduaslumslwuinig udunsg pﬂﬁu%mﬂmﬁwﬁﬁaﬁaﬁﬁmmLﬁud’lﬁoaaamﬂiﬂaﬁ%
Lﬁ%wﬁ’uua:ﬁuﬁaLLﬁa:ﬁgﬁugﬂﬁﬂmé‘lawﬁ’mwiﬁleimmsmmmuﬁ‘u‘l@?aamamymi G9013197 1

LEAINTLUI UL UTERING WIMAX, Wi-Fi kay 3G

31971 1 MslSaudisuszwing WIMAX, 3G, WLAN

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

Peak data rate
- Downlink 14 3.6 1.3
(Mbps) 54 (Shared)
- Uplink (Mbps) 5.3 1.5 0.5
Bandwidth (MHz) 10 10 2.5 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 802.11

*source: WiMAX Forum
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= v =
unfi 2 anaziugrwinalulad IEEE 802.16

IEEE 802.16 Working Group ldWaimnuazinnuaunasgiuludiuues madeude’lians
%38 Air Interface U849 IEEE 802.16 Broadband Wireless Access Standard lag/larinnualuaasgin
vastullslanea da Physical Layer (PHY) W&z Media Access Control Layer (MAC) éﬁgﬂ‘ﬁl 31w
udazsulislanaafinnsmnue AN BULNIIAMITDYA mssessuaniagn feg1easns
fnualutu Physical layer 1% a1a8lun1sldu vuavastasdyyrm (Channel Bandwidth)
Modulation i@ #2454 Media Access Control layer 131 Media Access Control, Quality of

Service (QoS), M3snmanutasans Huau Sslurrdaiazifonianizunsginunadunayinmi

Air Interface N /

T)) - / \
\
< \
ubscriber Station .
S sc.l'[ Clien?)t ° \\ Base Station
|
I________________L________.
—‘ - T TUSSAPTT I
I MAC Convergence Sublayer - Interface to upper layer (ATM, l
| (ATM, Ethernet 802.1Q, IP) Ethernet, IP, 802.1Q)
I — 0T | l
| © Common functions of MAC |
< MAC Common Part Sublayer - (Packing, Fragmentation, |
| = QoS, ARQ)
I |
. Authentication, Encryption, l
: MAC Privacy Sublayer - Key exchange |
I ' Frequency, Channelisation |
I > Ranging, Power control, Tx, Rx I
| o e Physical Layer - Single carrier, OFDM, OFDMA
rror Control
o Error Control |
(I _ | QPSK, 16-QAM, 64-QAM |

—— " ———————— ———————— — ——— — o— ]

31/7"7' 3 IEEE 802.16 Protocol Stack

20€3 quémaTuladdidnnsetinduazaouiiunoiunamna



2.1 43210810 22IN IR WINIA T IEEE 802.16

Y o a l&/ tﬂl o o Q
® nIngIaN 1999, IEEE 802.16 Working Group laTiniiladulNaWamanasgnudmsy
Broadband Wireless Access  Working Group ayjnwlﬁaaﬁﬂi IEEE Standard
Association (IEEE-SA) tsznauludrnindduuaswamn 91nwiisuig vsumianauain

MLANTINNUAAIWINIAIIIN

®  TUAN 2001, WIATFINLINVBY IEEE 802.16 |&HwNTTUTasdeida1 IEEE 802.16-
2001 Goiflumarnuasnasg s @MU Fixed Broadband Wireless Access (gunvok
Lﬂ%mhmm:@nﬂma@ﬁgﬁagﬁuﬁ) LLazﬁNmﬁmeﬁuﬁﬂq 10-66 GHz

e il 2002, y@33 % IEEE 802.16a Qﬂﬁ'@umﬁmmzvlﬁ%'umi%'maaLﬁalﬂummgml,a‘%u
13U IEEE 802.16-2001 (Fifludannasgiunan) IEEE 802.16a mMwuaNNAIgIh ML
Fixed Broadband Wireless Access udnaufiunuaduing 2-11 GHz uazluflifiuariuds
ANMINAUWINIATTIUEBERABNINITIRANNNT FIBEITU

" |EEE 802.16c MM#"%a system profiles ﬁ%aqmamﬁﬁv’aﬁmaﬁwu ot lw

7

a 6 ° o a 41/ 6 . A A L = &
NNa@\qﬂmmmmsnuﬂﬁm%u@liﬂuwa@nmﬁnmaomLadmaaﬂuwuuﬂumi

2

o

NMAKA Interoperability Specification Lﬁﬂﬁgﬂﬂitﬁ’ﬂ?ﬂ@iﬂ@tﬁ@lmmm'ﬁﬁmu
sunwleun system profile 8uLALINY
® |EEE 802.16.2 ‘fdﬁ%a’h Recommended Practice on "Coexistence of Fixed
Broadband Wireless Access Systems" in 10-66 GHz BB mmgﬂuf:ﬁ]zlﬂu
It mRALIITNILaza LTt lwmIeanuUL LA AaAITr UL Fixed Broadband
Wireless Access tiamuguiyynmsunimliegluszauimunzss 13iusuud
V‘i’muﬁtmmﬁuﬁwq 10-66 GHz
® |EEE 802.16.2a %u‘ﬂu Recommended Practice on "Coexistence of Fixed
Broadband Wireless Access Systems" in 2-11 GHz AALAFINY IEEE 802.16.2
LL@i@mﬁLflummgma%m%’mzuuﬁ'ﬁﬂmuﬁme'é"u‘iwq 2-11 GHz
o 1uf 2004, IEEE 802.16-2004 l¢3Un133U389 IEEE 802.16-2004 @3IU378810331%
IEEE 802.16 Yunuanauwhitmuduinasgwden

= nﬁ I a U s
o 1uf 2005 133w IEEE 802.16e Fiunnasgruwasulinuaunasgiu IEEE 802.16-2004
LNa38931U Mobile Broadband Wireless Access h3UNITUTaILNaLAaUTWINAN 2548 395

Fa3nanasgmiunansin IEEE 802.16e-2005

° muﬂiuﬁm‘%admmgmmmﬂaa@ﬁ'&uum‘%a"mU IEEE 802.16 i lafnsrnua’lilu
¥10331% IEEE 802.16-2004 WA NWAMIANENU899MMaI8 g 8o1U% dywugaslnilu
@33 D99 IEEE 802.16 Working Group leurludfutysuazussgaglu IEEE 802.16-
2004 avfuutlawiefSunin IEEE 802.16-2004/Corrigendum 1 LLa:mdmugmﬁ'mauagM
IEEE 802.16e-2005
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a3 luilagiiu (2006) anaIgunanved IEEE 802.16 &

1. IEEE 802.16-2004 1@ uia38118 15818 §113U Fixed Broadband Wireless Access

2. |IEEE 802.16e-2005 mmgﬁum%mhﬂvﬁmﬂ #1%3U Mobile Broadband Wireless Access

a

X o aa ' A \ o o o , . R AL
Ve b \‘]Nﬂﬂ%ﬂ’]ﬂw’]@]ijquﬂaﬂﬂagiu%Q\‘]ﬂ’]aﬂwwuﬁl LL@H]ZVLSJ"}Jaﬂa”l’mGIu‘V]u

2.2 System Architecture
s2uu WiMAX dazneulddqpgunsalddysesdin (é’agﬂ‘ﬁ' 4) fia
1. @afignu 3a Base Station (BS) - paugumMIiUddayavad aanianine wia Subscriber
Station (SS) Twualuiufiuinsvasaniigiu wia cell wananit amfigudnini
Lﬂuﬁ;m%amiaﬁ'u wired Internet backbone
2. amilgnine Wie Subscriber Station (SS): AadanuanildirnugUnInianine wie
Customer Premises Equipment (CPE) Q‘Llﬂ'mi CPE & 3 gﬂLLuuﬁa
a. Fixed CPE ﬁmia@g\aqﬂmzﬁuaummmﬂﬁﬁ@hLmu',aﬁmﬁ LT outdoor CPE
(Duan
b. Nomadic #38 Portable CPE qﬂnmfmmmwnwwmﬁauﬂ”ﬁUVL@T Lwiqﬂmzﬁa:ﬁad
a@ﬁv'aag'ﬁ'uﬁlwmﬂ%mu @18:199Un30k 15U Indoor CPE %38 Self-install CPE
1D ueit
c. Mobile CPE aqﬂmaimmmi%muhmmzmﬁau‘*?'ivl@T (Mobility) gunsni CPE i
8193zagluguuuuas PCMCIA USB w38 flash Network card ﬁ‘l‘*ﬁﬁuqﬂmtﬁ
notebook, PDA 38 smart phone %ﬂuamﬂ@l mobile CPE ﬁﬂ:gﬂ‘i’;&llﬂuqﬂﬂitﬁ

ﬁugﬂuagj‘uu notebook, PDA %38 smart phone U lua7

Base Station

Subscriber : (BS)
Station(SS) \ /
y

717 4 WIMAX Architecture
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mMstieudouas WiMAX Jl¢ 3 uuy fa

1. Point to Point (PTP) ilumaifandalasasiszning aanfigiu fu aonfigu wia szwing
sodign Nu aaniigning EﬂLLuuf:mmza%m%'umsL%amiaLLuuda@ia (Backhaul
connection) (@Eﬂ‘ﬁ 5)

2. Point to Multipoint (PMP) Hunsidaudasening CHEP RIS TRYI L amﬁglmﬂww%au
N mn%amiaftl,ﬂugﬂuuw5mmzi°ij”mnﬁqmaa WiMAX (g}gﬂ‘?‘i 5)

3. Mesh Topology LﬂuﬂﬁL%au@iaMgﬂLLUUTU@IU%%@ mesh fia uananamilgninyaz
suIndandeiuamigiwud soniigndnedimanindedadiaiuesidandan iuns
g aasednelosle w3a mesh network u’"ﬁlumﬂmmﬁuﬁmﬂﬁﬁmigmmwﬁa M3
L%au@iaf‘:l,ﬂugml,uma%m (optional) Tuanasgin WiMAX (g}gﬂﬁ 6) ’Luﬂwﬂ‘u madanda

31 wuuRas launuwsvran Uﬁfml,azﬂ'avl&iﬁqﬂmrﬂ WiMAX Imﬁsaa%'umil,%amiagﬂl,l,uuﬁ

Base
Station

y ‘ii Mobile User

Industrial
SOHO, Enterprise

311 5 Point-to-Point Uaz Point-to-Multipoint

3‘1/77' 6 Mesh topology

A ' v o a \ a ~ | A
Tunmagrendalugduuudhecu nifiadaszning aanfigiu uaz amilgning (93U 7)
sanInFea T IuIULULTed MINEMIULY Line of Sight (LOS) da dyanmiadefassszning
sonfigu v anfigninpazananfianniais (Direct Path) iiulasdnaanisfiaanslag &

a & o o | A [ @ A = s A A
NauINLTUaIaaN DURTYTUITNI uVLN RREARIIG ) ﬁ']iﬂuvl,@] LLRENIIREID ﬂgl] LUYAWINDNIIRDNTT
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UL Non Line of Sight (NLOS) a3 iy aaniianing sasafemsiwlduiies e
11919 Fynadsuldinnnnanofiansia dygiufisenrnuisinuane (Absorption) fyanm
SouruAIRAL9 (Diffraction) uaz FyaNmMazia (Reflection) FyanmaINauazfian1azd
AUFNLANIINM U WLANGS 119 AMUUIIVBIRY AT (Signal Strength) iWaBEIFY
Polarization Laz Delay U8RI %{1@Taﬂ"ﬁmﬂiuiaﬁﬁﬁ@mu%’u%auﬁﬁmqﬂmrﬁmﬂ?w%a
Receiver 39azmnansniuuazusnuezdyaaiifananaussfiansitle qoisuii Line of Sight waz Non
Line of Sight fanuAealosivamnadnlim lunsdifienuiigannnit 11 GHz mskemssening
#0531 waz aaianine @adns Line of Sight Wit SuauanaInd 11 GHz laawzehuanad
fisni 6 GHz anfigu waz anfignine sanIndadauuy Non Line of Sight 16 nuawii@ Non Line of

sight liiaanudangulunsfaasuazlfam gunsafgning (CPE)

[ ]
[ ]
'
'
[ ]
' E
: I'“'*:
’ i
! [} a(-
/ Base A\ / Base
// Station s \ Station
, : /
, ' \ , 7
/ : \1,”
: 7
'
’
[ ]
[ ]
8
'
[ ]
:
Line of Sight (LOS) ' Non Line of Sight (NLOS)

31]77 7 Line of Sight iae Non Line of Sight

2.3 Channel Access Ltag Media Access Control (MAC)
v ' a o A ' A A A & A . A '
massdoyasznig aadigiu nu aandianine Ixesfiansfa 213% vie Uplink Aanves
o A ' A A . A v A A '
Fayannamiigndielanifignn uaz 21a9am3a Downlink Aasdsdayaananifignuly snifigning
(@3U7 8) @91% Duplex scheme §%3U uplink i downlink & ldwasgtununany fa

1. TDD (Time Division Duplex) N3&4183an1961% uplink AU downlink NANNDLALINULG

LUINIRIAURETIIN ﬂﬁidaﬁua:gﬂLLﬂq’ﬁaqnmaamﬂu frame wazluudas frame §
M3iLvzagaatie 2 subframes (Aa uplink subframe Waz downlink subframe) N384
ﬁagaﬁﬂma uplink ﬁ]:gﬂﬁalwﬁwnm uplink subframe Yo msdaﬂ’agaﬁﬂma
downlink &3145291981 downlink subframe @Tagﬂﬁ' 9 TDD sansnsassumItsuiaem
7391381284 frame b6 A FARIUTILIAVEI uplink subframe AU downlink subframe
msilasuutlasleduiuLsanm traffic 1o uplink tlaz downlink 9% TDD 39ian

ﬁ@mjﬂumﬁ@ms bandwidth

4 Aa d a o a g ] a
2483 quamalulagddnnsolinduasnouiinasurIna



2. FDD (Frequency Division Duplex) nM3&47aaa uplink AU downlink RINAUALANND NT

#99aya uplink AU downlink Famwnsasdlaluwandionu é’agﬂﬁ 10 wana il FDD 9
58950 CPE ftfluuuy Half-FDD @8 qﬂmni@mhmzﬁﬁmsdﬁagaLLaz%'uﬁa;ilaﬂuamm
N ﬁammx‘ﬁaqﬂﬂmfgmhmr‘hé’aﬁaﬁa;&m:ﬂﬁmman%’u%gavﬁ udnsssuazTudayadels
ANAZAND mﬂ"ﬁgmmu Half-FDD Qﬂﬂifﬁ%ﬁﬁﬂ’lﬁgﬂﬂ’j’] full FDD IWz&wilsenay
measudyganumesFyInasgnIalmusaliradonuunuld

RUNELAR
—_—

o A o o o A a A o -~ 0 o A
MIIAFTINNNDEINIY TDD 2zldanuiilesnieTadsunn ourinun §2unsaasIInud
o o ) ' % A ' % 2 o o . a I (% ~
#M3U FDD 917 sa9tossyos Ao Tassuaunsmiad iy uplink nTossy it
§1%5U downlink I@Uﬁ'ﬂﬂuﬁaqﬂmrﬁ TDD a:ﬁmmﬁgnndwqﬂnmﬁ FDD me:qﬂﬂmf TDD
wudnlizneumeiuayyranusnlzneumassdyanmsanInlEnniuld udgunsal
FDD ﬁfumuﬂizﬂaumﬂ%'uﬁ'umﬂddLmﬂﬂuazq@ﬁmwsﬁ:ﬁaqV‘h\imw%’auﬁ'u FDD 1 2
ToIFTY Y (§1%TU uplink MU downlink) FseunInsasiuiwuaafignineldunnndn udlu
WIUBINITLSHITIANT bandwidth a2 TDD 2Nz aNTN WA iwnzlassvumdaasnsls

A & a o A . a 0 ) A Aa 0

IRLATOUBTU ﬂsmmmagahmmd downlink 321NN uplink #387N38N31 Asymmetry
Traffic @9NNENINIT96% TDD NI USutlRunaaaiuwad frame Lﬁaiaa%'uﬂ%mmﬁa%mﬁ
liguanasiulddnir desudwivglivinsauniafiazifenldinalulad TDD wia FDD

é/ s v a
muﬂuqmauﬂ'ﬁmad;ﬂ’n UINIT N13aantkuuIcyy LLﬂszﬂi:&lWMﬂﬁiﬂdnu

------- > Downlink

Residential

ral

7z .- - Base
p Station

\
L )
\Y

u Mobile User
S

Industrial

SOHO, Enterprise

U7 8 Uplink uaz Downlink
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- Downlink Subframe > Uplink Subframe * _Time Slot

S~ - - -
~~ Adaptive -

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

- -
Time frame

317 9 Time Division Duplex (TDD)

Frame j-1 Frame j Frame j+1 Time
Slot
..... |
Downlink
(frequency i)
Uplink
(frequency j)
- >
Time frame

gll‘ﬁ 10 Frequency Division Duplex (FDD)

mngﬂﬁ 9 uaz 10 92LRWbe31 A8l Frame 18919 TDD wa: FDD azinIuiiatias
& . A Y & a a \ o \ . A &
aantdu Time Slot TINIFIVDYAVBIVNRDNUFIULNZHDIRGNUIY W ABIFIATIAY Time slot NI

v @
o o (= A

muumamugmuammﬁgﬂﬂwm:ﬁaaﬁmié?anaﬂﬁ”maﬁu w30 Synchronize LIAALABLRE
ﬁa%laaﬂu Time Slot ﬁﬂﬁgnﬁam&iuﬂﬁ

389 channel 38 Multiple Channel Access #3ulufianis downlink azldsusan
W31z fiemng downlink HuiRng aniigm QL@mLﬁﬁﬁuﬁLﬂ%pﬁddﬁﬂ;&ﬂlwﬁ’mnm downlink
subframe Wa2 daﬂizﬁnyﬁa;ﬁlavlﬂnﬂe] amﬁaﬂﬂm faum 3l channel Tufians uplink o
vy amﬁgmhmﬁﬁiamaﬁazdﬂé’tumdnm uplink subframe 'l¢f Fsuisdasfinmssans
Lﬁ"ai’Jaaﬁuvl,;isl,ﬁl,ﬁ@midaiagamﬂ‘vxmﬂamﬁgmi'm Twnawdounndseznaldifiansuinves
Toya sariludn uplink 3468914 Time Division Multiple Access (TDMA) T2830@1319I8U8
miﬁwaaamﬁg}mi'm mi'mL’;m"uaomsdaﬁgﬂﬁmmLLazmuquI@Uamﬁgm NN TN
%38 frame amﬁgﬂua:ﬁwmidammwLLaJsmaaavl,iJﬁamﬁgﬂﬂw meluuuszavzdsznavlddas
mswnmmidwammﬁgﬂmsJ é’aﬁf’uamﬁgmhm:iﬁwmn:daiagaaﬂu Time Slot lauaz
$1uamn Time Slot 1vin'ls Touaeslw WRINENAgIwENIInMRRa TN LazE WL Time Slot 1W
LL@iazamﬁgmhﬂlﬁmm:awﬁummﬁmms bandwidth mauwia:amﬁgﬂ"ﬂw

uanIn WiMAX Ianuiiangulun1sian1s bandwidth usadadianudangulugiuuums

Jamyiudstaya Aalunneg  Time frame aofignumansnimsdiuaouuszinue quauld
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NIMBMWIINTTEIEMTDLAazanHanane 15 U3uLlaun Forward Error Correcting Code

Rate (fag9igu 1/2, 2/3, 3/4) U5uLUfeu Modulation scheme (§88191 BPSK, QPSK, 16-

QAM, 64-QAM) lsinanzanluudazan1waad channel daasnaign thluumziing  channel i

FyaNMILNIUNN (T4I0ldlaugfiszau Signal to Noise Ratio W38 SNR) annfigiuazinnis

Uuiasuamant@nemen wuean s (1% UTuilaun Forward Error Correcting Code Rate,

U5uLAau Modulation Scheme 1iuaw) ldianunumudssuaimsunawiNalisusnfeasn

' o A X a ' . . A ' a o o @
daldld tnafiafiiSanin adaptive burst profile T93znadluazidsaluiitena bl

2.4 uauadawinglaswiinmualasanasgin IEEE 802.16

IEEE 802.16 Vl@i"ﬁmu@mﬂ%muagj 3 LLE]‘]Jﬂa‘lﬁ‘YIF_J LLa:LL@ia:meﬁuﬁﬂqﬁfu IEEE 802.16

Y o wa . n:l' va o A]/dl
ldfwua qousnd@vas physical layer IlEdasiAe

1.

Lmuwﬁlu?nq 10-66 GHz Licensed Band Lﬂmmmﬁ'uﬁwqﬁﬁaomﬂumgtymi‘ﬁmmﬁ
#30 license LLEIZ(rgfa\?ﬂ’]iﬂ’]i@i&lﬂia\‘iﬂ’ﬁiUﬂ’Juﬁ’]uﬂﬁl‘HS‘YIﬂq meé"u‘iﬂqﬁa%ﬂumammﬁ
&9 é’aifumsa@@iaszmﬁaamﬁgmuammﬁgnf*ﬂﬂzJ 3adsnInafans
WUL Line of Sight AMUNTIVBITOINYYIMMID Channel bandwidth ﬁl%ﬁ]:a;‘q'ﬁ 25 - 28
MHz datasdyam Gaanansnlianudalads 125 Mbps FIUNUFNLANINMENAWRID
physical layer maaqﬂmni WIMAX ﬁﬁ’]d’luuuLLnuﬂﬁ%ﬁﬂgﬁgﬂﬁ’]%ud@al system profile
Az

® WirelessMAN-SC: ﬂﬁi?ﬂﬁd“ﬂ'a;&m}ﬂ“ﬁ single carrier (SC)
unumﬁu’?nq #1191 11 GHz Licensed Band u";lmmmé"u%qﬁﬁaamﬂumg@wﬂ%
anuiinia license LLa:ﬁaoﬂWSﬂwsiwﬂsaaﬂWiiumu@i”'mﬂ‘é"u’?wq lunae g Ussinauny
ﬂﬁuﬁwqﬁiﬁa’%wzaglmmmﬁu‘iwqﬁ@‘hﬂ’h 6 GHz M3fiadaszniganIiigin wazani
QﬂﬂwsawwwsnﬁaaWiLLuu Non Line of Sight 'l¢ ANuNINsYBITITY QI MBE TN 1.75-
20 MHz sufmawuii@nna Physical Layer 284gUnyni WiMAX ﬁﬁwmuuuunuaﬁﬁmﬁﬁ

mMyfnua Linany system profiles a9dt
® WirelessMAN-SCa: ﬂﬁi?ﬂﬁdiﬂgﬁi‘f single carrier (SC)

® WirelessMAN-OFDM: mﬁudaﬁagal%%mm sub-carrier NUN1S modulation

WYY orthogonal frequency-division multiplexing (OFDM)

® WirelessMAN-OFDMA: ﬂ’li%hdd“ffﬂ%lﬁi‘ﬁ’%a’m sub-carrier 13113 modulation
WYY orthogonal frequency-division multiple access (OFDMA)
wauAanINg a1n1 11 GHz Unlicensed Band \Juunuaauingflidasmsluaynyia
mslFanuinde license LLa:vl,&ivl,ﬁ%'umi@j‘”&lmadmﬁumuﬁmﬂﬁuﬁﬂq MIAAADIZAIN
soignuuazanianinemunInfadafessAian19kuY Non Line of Sight Wha9annm ke
\ A a A o ' o A A A A a o v o &
muaglul,mumm‘nq‘nhmmamuLmamﬂaamiaus] fenvaziimaumunuld aenn
A % A a . ;d v Aa & A a ' .
Operator Ylﬁ]ﬂml,n‘l_lﬂaua“nquuu Unlicensed #i34das@aaina lnfiisanin Dynamic

Frequency Selection (DSF) \unalniNanaunanniastoyalugasdyanmndyltagug
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a o '

WNaaalam AU IR QI IUNIUNY FIUQMENLIANI Physical Layer maaqﬂmtﬁ WiMAX

)
'

nvhauuwwnuaduIngfignitnualas system profiles fiTai
® WirelessHUMAN: High speed unlicensed metropolitan area network (HUMAN)

miﬁiaﬁagavlﬁawgﬂl,l,uuﬁa single carrier, OFDM, OFDMA WUULAzINUTaf
2

@13197 2 uFAIAMENTIANTY Physical Layer 2a9a1n3nl WiMAX luuaaz system profile

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
RUINLLAR
- T

IEEE 802.16 lerwnuaagnaning e ﬁm%’uLLnUﬂﬁu%qﬁ1’ﬁaﬁuLLa:ﬂaﬁuﬂ’Tﬂamaa“ﬁaaé’zytgwm lag
lildtanzasusinanasluildanudnuils uas anuninsestessygrowinle dameuarivals
feanudendulunisin iEEE 802.16 lulFnmads adhelsimuiiaidumsaatigmiietsa:
\Andwiilasann uiEnEnAagUnInldiIEnldlnislddditandiag Pliasanudsann
Aalifailyminsldausaniu (interoperability) 16 daviu IEEE 802.16 larmuadaadudniy
anunevestesdyunadlilu system profile (Faaznsnidnasiluiatod 2.6) ﬁauuam'&‘u’iﬂqw
rulifnmmmuamoilunemuudndanhduioulomensaasianuivesudazilszna
weie915AaNy WiMAX Forum 'lé1/5281%497%0 Y International Telecommunication Union (ITU)
uaz Regulator vasudazszine ialiinmssaassanuddmiumslson wimax Tndwlylu

AANILADING

2.5 Physical Layer (PHY)

Iuﬁaﬁ;ﬁmﬁadmnmsmséamsu,m_l fiemnadau (Non Line of Sight) azillwnmsfassngn
Allu wiMAX inaluladfisessu AmaNLIA Non Line of Sight fi#a OFDM usz OFDMA 1wz
Modulation ﬁ”'aaa\‘iﬁﬁﬂs:‘&w%mwﬁlummﬁﬁ@mﬁaa ANULANAITBIN AN ARz AN19T9
Sy (Delay spread) WAz ANULANGIIBIR Il ULARANIY (Multipath fading) lunsaanuy
Non Line of Sight ¢

Tunsdjid visnuRaglnaal WiMAX saulngjazifenlfinalulad OFDM dniugunsal
Fixed W3a Portable Broadband Wireless Access %38 IEEE 802.16-2004 &1uinalulafi OFDMA
ﬁlzgﬂlﬂuqﬂﬂitﬁ Mobile Broadband Wireless Access #38 IEEE 802.16e-2005 W31z OFDMA &
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§01505893UM3 Roaming 'lé@ni1 OFDM athslsimumaidenldinaluladsasinnalulad
Iuanziiv Fixed %38 Mobile Broadband Wireless Access 1indslaifinsanasmminfiusinon
vwuTEngniannanaulilfinalulad OFDM 155111619 Fixed uaz Mobile Broadband Wireless
Access LL@UWGU%ﬁﬂ;EN?]@]EL‘ﬁ' OFDMA &1%31 Mobile Broadband Wireless Access 1Nt uazead
vwuiEnguaaltzesnaluladiuiuda lufianis downlink 14 OFDM lufiems uplink 15
OFDMA fazLﬁuvl@ﬁwqﬂﬂiﬂmﬂ@mu‘ﬁﬁwﬁaﬁmmLmﬂ@i’mmmﬂ%mUﬁ'u qﬂﬂizﬁ@iwameIuTaﬁﬁu
azlimusndadaniuld nafe gninl OFDM ﬁ]:"l,;immsnamia%aawﬂ@”ﬁuqﬂﬂmf OFDMA
asmvbﬁmummﬁmmwammmwﬁomwﬁwajulumﬂ%mmuﬂué’aNﬁﬂﬁudwqﬂﬂitﬂ
drzianlnwazimanzaumslsnusiale

Tugandalufiaznanaziinesunslusiwvas Physical layer itiisatasiu OFDM tuwan
fuiTznouwad Physical layer Usznaueignanasin é’agﬂ‘ﬁ' 11 1JuMIURNI process Afieduly

Physical layer

Reed Solomon & QPSK
Convolutional Coding 16 QAM
(RS-CC) 64 OAM
/ PSDU \ Scrambler | Forward Error
\__(Packet) /™| (Randomization) | Correction (FEC) | ™ iisiiea s g — - ioaa
OFDM Cyclic Prefix S . i
> Processing I [Feartion > Filtering > Upsampling >

gll‘ﬁ 11 Physical Layer Process #1170 OFDM

mﬂﬁﬂmmﬁ’lwﬁ’aﬂaﬁﬁﬂwmm (Forward Error Correction - FEC)

Forward Error Correction fmhﬂmaﬁuLLazLLﬁ”Lmﬁmﬁ"ﬁmwmmiummzﬁdai&gaLi’lums"ﬁm
NAYZAL signal-to-noise ratio ﬁléfaom'ﬁm Forward Error Correction (FEC) %zLﬂumiW’NfaQad’m
Aldsnsumsanasuussun lafafiianaa (FEC bits) lufudayaais é’dgﬂﬁ 12 ﬁﬁm;ﬁuﬁa
receiver ﬁﬁ]:ﬁﬂmmﬁayaﬁvlﬁ%'uLLazLﬂ%HULﬁﬂuﬁu FEC bits L& %a;ﬁummmmaﬂﬁiﬂﬁﬁm
"L%uﬁﬁmmﬂ@wmmﬁ@%uuﬁaﬁﬁmmﬁlm W@N3LT Forward Error Correction ‘f: §I1UV9 FEC
bits ﬁL‘ﬁuLﬁwuﬂﬁmfﬁLfluﬁhmﬁuﬁvlajvlﬁmiqﬁagawmu wial3unin overhead 9ttnN3 LA
ﬁagmwdm%ﬁwzgnawaugn’tﬂﬂeﬁw%’u overhead 39vhlWAuTIv0INIdITayATTIRARI
M3IAUSN" 2 overhead Va9 Forward Error Correction 1%31JLL‘.LI1J°]J6\‘1 coding rate (L‘ﬁu 1/2 , 2/3,
3/4 \Judw) d1ae191Tw 8117 Forward Error Correction @28 coding rate 1/2 fnanan3lunsas
iagmwagﬁ' 2 Mbps 61'313?%@131m§’;qn%maamsdﬁa;&aﬁﬁaag’ﬁ 2 x 1/2 = 1 Mbps nafefild
1 Forward Error Correction (FEC) 1w WiMAX 219 Reed Solomon & Convolutional Coding (RS-
CC) $99:1% coding rate fwanenar (1w 1/2 , 2/3, 3/4 1iludu) B9 Code rate H96nBIgwNTD

[V A ) e v A A o A da val
iﬂ(ﬁ‘].latyty’]miUﬂ’JquizﬂugamuvL@ (ﬂawﬂﬁﬁwﬁﬁmﬂiQIuﬂﬁiﬂi’J‘ﬂ‘ﬂULLﬂ:LLfﬂ‘ll‘]J@lYlN(ﬂvL@@Iuaﬂﬂ:
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Code rate linunzaniuanizves channel luvmeing  sathatu lusnnefigyyasunu
a%iluszﬁusiﬂs‘%aﬁNﬁlﬁLﬁ@ﬂawuﬂﬁwmmaﬁagaale:é’mﬁw s SnsUsule coding rate 7
QG%%L‘W{Q&@ overhead LL@iﬂ'ﬂﬂomimaﬁ]fﬁ'uﬁmﬁﬁ@wamaglusxﬁuﬁﬂau%ﬁ[ﬁ TR R PARPE L TTaton
mmuagjluszé’ugmmﬁ@ﬁmﬁﬁ@wm@mﬂ au Forward Error Correction ldaansavinmsud bu'le

=& Aa

> a { _ 4« b A ¥ 4
daslinaiaiiulAnnTa Automatic Repeat Request (ARQ) TaLlumsasdayaifudgiiaunui

| Forward Error [ =
DATA i Correction (FEC) ’ DATA L FEC bits |

3‘1/77' 12 Forward Error Correction

Adaptive Modulation
Modulation fifwualuunasgiuilld 4 suuufie BPSK, QPSK, 16-QAM uaz 64-QAM

Modulation 113 4 gﬁLL‘uuf: 64-QAM Iﬁﬂawﬁamimﬁaga;;mqmwiﬂsz%w%mwhmswmia
fygnoasumnldinga lumenduiu Brsk liussininmlunmudedyanasuniuldgogaud
lﬁmwL‘%ﬂ%ﬂﬁsdwﬁagavl@i”@iwq@ ¥4 coding rate Waz modulation F9ATANMUFNRHERD 2w
nunudeFumMILNRwazaNuS s ld daiudasiinnSuiasuves coding rate uaz
modulation llanzaunuan1azuas channel lummzﬁ?ue] %&L‘%Uﬂmﬂﬁﬂﬁh Adaptive Burst
Profile gﬂ‘ﬁl 13 &9 Adaptive Burst Profile Faimadaeuula coding rate L&z modulation 1%
AZEUALAMULIID IR QI LAZITAUFY I AIUNIW W30 Signal-to-Noise Ratio (SNR) luiel

a2 modulation W&z coding rate 3zlAanuS lumsFesINUaNEI9NY 313197 3

U7 13 Adaptive Burst Profile
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M197191 3 AAL5ITIUAaE Channel Bandwidth

Channel

Speed at Modulation&FEC Code Rate (Mbps)

QPSK | QPSK | 16-QAM | 16-QAM | 64-QAM | 64-QAM
Bandwidth 112 3/4 112 3/ 213 3/4
1.75 MHz 1.04 2.18 2.91 4.36 5.94 6.55
3.5 MHz 2.08 4.37 5.82 8.73 11.88 13.09
7.0 MHz 4.15 8.73 1164 | 1745 | 2375 26.18
100 MHz | 831 1247 | 1663 | 2494 | 3325 37.40
200MHz | 1662 | 2494 | 3325 | 4987 | 66.49 74.81

2.6 IEEE 802.16 System Profiles

IEEE 802.16 ldfiwua System Profile wiaqmiausiavatgunyal inaliuIsmgnaa ldld
\uuwamilunsesnuunuazniagunan WiMAX #13199 4 uaaadiating System Profile U84
i S 'Y . wa o o .
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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
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®131911 5 WiMAX Forum Certification Profile &1%3un133usasaunynl WiMAX

Twsauusn
Frequency Band (GHz) Duplexing Channel Bandwidth (MHz)
3.5
TDD
7.0
3.400 - 3.600
3.5
FDD
7.0
5.725 - 5.850 TDD 10

uaﬂmﬂaa\‘ijUﬂﬁuﬁﬂqiﬂdﬁu 2tz WIMAX Forum finad@ansan certification profile Tu

minagay sauni Aa certification profile luunuafIwiIngLTIM 2.5 GHz G317 6

1 1 U
7131971 6 WIMAX Forum Certification Profile N19ztia2ulnaniaa

Frequency Band (GHz) Duplexing Channel Bandwidth (MHz)
TDD 5.0/5.5
2.500 — 2.690
FDD 5.0/5.5
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gunsni mobile #3a portable Tagrialy lidaziiln Notebook v30 PDA a:iimsldmuluanans wia

Indoor \usulngjuazinsiafeniodunitagisua nanuddiayyrasusilyldlnauaznzg

38E3 quimaTuladdidnnsetinduazaouiiunoiunamna
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HF9ia1191aa fruanudimanzansseg §wiu full mobility Wi asseinans g Operator 1w

naoszinaldyalufiunuadwingfidindy 1 GHz (13w UHF) inmzanunsnasdygald inauas
& A o A A 2o = A o . A A s

asaunquini ldinnnidsfinalilddwnanfiguiiesss iwnz Cell site azlivwanlnain

waztdunsaadlsinglunsdaasszuulylue

34 MITAFIIANNAFINTL BWA 61%LL§]1J@1§.%%VIE! 2 — 6 GHz 2a9U3zNARY 9
Tuwiteferfinsanismisasssnnaidmsu BWA luuaundwing 2 - 6 GHz vasvany g

dsznlulan wasinsansanunmwesmsdasssanuivasdszmalng a9 7 ugasagms

Jassanuigmsumalulad wiMax ludszinadng g énm']ﬂazL'é'mmaJ’lingLﬁmaw"L@ﬂu

NaEwIN 1
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A3 7 NMIIAFIIANNAEINRIU WIMAX 19501 52tneang o

Frequency | Licensed/ (Frequency Range) Power Operator
Country Services Note
Band Unlicensed Channel Block Restriction granted license
Unwired plans to

(2.302-2.400 GHz) Wireless Access Max Power 10

2.3 GHz Licensed . Austar, Unwired launch WiMAX
® 7 MHz / license / area Service dBm. _

in Sydney
(3.425-3.4425, 3.475-3.4925
GHz)
® 2x17.5 MHz
Australia , ® 40 MHz duplex spacing Broadband

3.4 GHz Licensed ] N/A N/A
(3.4425-3.475, 3.5425-3.575 Wireless Access
GHz)
® 2 x 325 MHz
® 100 MHz duplex spacing
(5.725-5.875 GHz) Broadband Max.e.i.r.p.

5.8 GHz Unlicensed N/A
® N/A Wireless Access 4 W.




Frequency | Licensed/ (Frequency Range) Power Operator
Country Services Note
Band Unlicensed Channel Block Restriction granted license
(2.500-2.690 GHz) Under
2.5 GHz Licensed Mobile Service N/A N/A
® N/A consideration
Base Station Max
Wireless
(2.305-2.320, 2.345-2.360 GHz) e.i.r.p. 2000 W.
2.3 GHz Licensed Communications
® 2 x 15 MHz / license / area . Mobile Station Max
Service (WCS)
e.i.r.p. 20 W.
(3.475-3.550, 3.575-3.650 GHz) 32 Companies,
841 licenses
Canada ® 2 x 25 MHz ]
Fixed Wireless Max e.i.r.p.
3.5 GHz Licensed ® 100 MHz duplex spacing
Access 32 dBW
(3.550-3.575 GHz)
® 25 MHz
(5.470-5.725 GHz) Broadband Max.e.i.r.p.
5.7 GHz Unlicensed N/A
® N/A Wireless Access 1W.
(5.725-5.875 GHz) Broadband Max.e.i.r.p.
5.8 GHz Unlicensed N/A
® N/A Wireless Access 4 W.




Frequency | Licensed/ (Frequency Range) Power Operator
Country Services Note
Band Unlicensed Channel Block Restriction granted license
Allow fixed
(3.410-3.500, 3.510-3.600 GHz) service first then
Broadband
Hong Kong 3.5 GHz Licensed ® 2x15 MHz N/A N/A allow mobile
Wireless Access ]
® 100 MHz duplex spacing services after
Jan 1, 2008
(2.535-2.605 GHz) Mobile Under
2.5 GHz Licensed N/A N/A
® N/A Communication consideration
(4.9-5.0 GHz) Yozan and
Japan ) Airspan offer
® N/A Wireless Access Max. e.i.r.p.
4.9 GHz Licensed Yozan WIMAX service
(5.030 — 5.091 GHz) Systems 5 W. _
in metroarea of
® N/A Tokyo
Provide WiBro
(2.300-2.390 GHz) KT, SKT, Hanaro
Broadband (subset of
Korea 2.3 GHz Licensed ® 3 x 9 MHz Jlicense/ N/A Telecom (recently
Wireless Access mobile WiMAX)

nationwide

dropped)

services




Frequency | Licensed/ (Frequency Range) Power Operator
Country Services Note
Band Unlicensed Channel Block Restriction granted license
There are total
(2.3-2.4 GHz) Broadband Max. e.i.r.p. 13 areas. Each
2.3 GHz Licensed i N/A
® 4 x 5 MHz /license/ area Wireless Access 40 dBm/channel area have upto
5 operators
Malaysia (3.4-3.6 GHz) — Band 1
® 2x3.5MHz Coordinate with
Fixed Wireless Band 2 is for the
3.5 GHz Licensed ® 100 MHz duplex spacing Fixed Satellite N/A
Access . future expansion
(3.6-3.7 GHz) — Band 2 Service
® 35 MHz
(2.300-2.350 GHz) Broadband MobileOne, inter-
2.3 GHz Licensed N/A )
® 5 MHz /license/ nationwide | Wireless Access touch holdings,
Pacific Internet,
(2.500-2.690 GHz) Broadband .
25GHz | Licensed _ N/A Qala Singapore,
Singapore ® 6 MHz /license/ nationwide | Wireless Access SingTel, StarHub
Under studying
Broadband of coexisting
3.5 GHz Licensed N/A N/A N/A

Wireless Access

between BWA
and FSS




Frequency | Licensed/ (Frequency Range) Power Operator
Country Services Note
Band Unlicensed Channel Block Restriction granted license
(3.410-3.494, 3.510-3.594GHz) | Wireless Local Licenses expire
3.5 GHz Licensed N/A N/A
® N/A Loop 2010
(3.41-3.6 GHz)
Broadband Max. e.i.r.p. Licenses expire
3.5 GHz Licensed ® 2 x 21 MHz (2 licenses) N/A
Wireless Access 35 dBW 2016
Switzerland ® 2 x17.5 MHz (1 license)
(3.6-3.8 GHz) Broadband Under
3.5 GHz Licensed N/A N/A
® N/A Wireless Access consideration
(5.47-5.725 GHz) Broadband Max. e.i.r.p.
5.7 GHz Unlicensed N/A
® N/A Wireless Access 1W.




Frequency | Licensed/ (Frequency Range) Power Operator
Country Services Note
Band Unlicensed Channel Block Restriction granted license
(3.48-3.5, 3.58-3.6 GHz)
® 2x20MHz Max. e.i.r.p.
® 100 MHz duplex spacing Fixed Wireless 14 dBW/MHz or Pipex, UK
3.5 GHz Licensed
(3.605-3.689, 3.925-4.009 GHz) | Access 21 dBW/MHz Broadband
® 2 x 36 MHz (special case)
® 320 MHz duplex spacing
United Kingdom Equipments
must support
DFS (Dynamic
(5.725-5.850 GHz) Fixed Wireless Max. e.i.r.p. Frequency
5.8 GHz Unlicensed N/A
® 5 MHz, 10 MHz, 20 MHz Access 2 W. selection) and

TPC
(Transmitter

Power Control)




Frequency | Licensed/ (Frequency Range) Power Operator
Country Services Note
Band Unlicensed Channel Block Restriction granted license
2.3 GHz Licensed (2.305-2.320, 2.345-2.360 GHz) | Wireless Max. power at N/A
e N/A Communications service area border
Services (WCS) 47dBpV/m
2.5 GHz Licensed (2.500-2.690 GHz) Fixed, Mobile Max. power at Sprint, Clearwire Allow incumbent
® 16.5 MHz Services service area border MMDS
47dBuV/im operators to
provide BWA —
see appendix 2
United State 36 GHz | Unlicensed | (3.650-3.700 GHz) Broadband N/A N/A Equipment must
e N/A Wireless Access use content-
based access
protocol
5.7 GHz Unlicensed | (5.47-5.725 GHz) Broadband Max. e.i.r.p. N/A
e NA Wireless Access 1W.
5.8 GHz Unlicensed | (5.725-5.825 GHz) Broadband Max. e.i.r.p. N/A
e NA Wireless Access 4 W.




gouMIAMIIaFTIANNATeIRa18 9 Uszindluland iy Broadband Wireless

Access lugnauildemi (a.a. 2005-2007) 223j¢1U7 3 unuadUIngawanT99 8

15199 8 ANNDNANNITU 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

meﬁﬁﬂqﬁnm 2.5 GHz uaz 3.5 GHz ﬁ]ﬁgﬂﬁ’]vlﬂl’ﬁ/\‘]’]ul,lﬂ_lll Licensed I@]Uﬁ

\hwanadwmiu Operator vwalwg) FIULDUARUING LTI 5 GHz ﬁ]zgﬂﬁﬂﬂ“ﬁmmmu

Unlicensed %38 Lite License laofiinunad iy Operator vsatdaniliusnsluvunauun

A o a A a 6 & v K o P o el
1’]EJGVLMN‘]Jiﬂ’]SauLY]EﬁL%@lL"IJ’mG @1\131]1’] 14 LROINIWIINVBINIMNUDFIKIL Broadband

Wireless Access #1131 WIMAX uaz lauaaifia WiMAX Certification Profile luifagiiuuszfiazdl

&
Fuluanuiae
[ Unlicense ] — Unlicense —.
CIsm SWI-Fi
2400-2480 i
Wi-Fi 3300-3400 §02.11a oo
802 116l 0 Initial WIMAX Profile - 5470572
D Future WIMAX Profile
| |
HHEH : I ol LE
2 - —— 3 4 GHz 5 — 6
WCS MMDS 3.5 GHz Band Low&Mid Upper
23052320 2500-2690 3400-3600 U-NII Bands U-NIIISM
2345-2360 2700-2900 5150-5350 5725-5850

License |

License License

U7 14 WiMAX Spectrum
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3.4.1 Lmuﬂﬁuf‘mq 5 GHz

wnuARWINgw 5 GHz #lunae g dsmndlddaamsanuiuazgninldldnuly
, 4 . ; . . ,
EllLqumlad Unlicensed manmumgiu Unlicensed National Information Infrastructure (U-NII)

U-NII Band Usznauaas 3 meﬁ'uﬁﬂq ﬁa
® | ower U-NII (5.150-5.250 GHz)
® Middle U-NII (5.250-5.350 GHz)
® Upper U-NII (5.725-5.825 GHz)

Tugruas Lower waz Middle U-NI band lunansdszneldsasssnnufsuitgnnsy
aqﬂmzﬁ%’lamﬂﬁ"mUﬁi‘*ﬁmumaﬂummﬂ@ﬂﬁiﬁﬁ’@ﬁﬁé’ddﬂ&ilﬁu 200 mW dnataity gunsal
802.11a Wi-Fi waz Cordless Phone d’ammummﬁlslumu Upper U-NII lafnsdarssdamsy
gunvnl 802.11a Wi-Fi LialAUS T Wireless Internet Access mMananananInamaags laifin
4306

uanmmmuﬂa"ﬁmﬁﬁtmwmaa U-NII LLé’aﬂ'aﬁmiﬁmummuﬂﬁu‘iwqu,uu Unlicensed
iuLeuAe meﬁ'uﬁwﬂq 5.470-5.725 GHz 91nn131)3z78 WRC-03 (World Radio Conference),
Resolution 229 %d"l@?ﬁmuﬂme’é"u%mﬁﬁm%'uﬁﬁ]mi Mobile Service Iﬂﬂﬁhﬁ'@ﬁﬁé’ddagdq@
#1506 Eﬂﬁ 15 ldusasmysagssnaud EﬂLmumflvﬁmmmzﬁm‘hﬁ'mﬁuﬁﬁ51':1ﬁagaq@
(E.LR.P.) 10315217619

malFufinanzaudni Broadband Wireless Access %aamﬁg’ma@lﬁg{mgﬂ’muaﬂ
21015 G9 Tr9ANNERTMIsAsIsluRany 9 ﬂizmﬂﬁlzag"avlﬂ%nmﬁuﬁwq WRC band
(5.470-5.725 GHz) waz Upper U-NII (5.725-5.825 GHz) dslaanalignaznanlassiu

LAWIZLRZ9 3 Lmﬂﬂﬁuﬁnqzim 5.8 GHz

4 Aa d a o a g ] a
4863 quamalulagddnnsolinduasnouiinasurIna



EIRP

Australia 200 mW Indoor

1 W Indoor/Outdoor

| | | |
| | | |
| | | I
| | | I | ‘(‘jW )
' w | s
us 0 T Indoor/ 1 W Indoor/Qutdoor
Indoor Qutdoor | !
| | | | | |
| | | I | |
Japan I 200 mW Indoor I } : :
| | | | | |
| | | |
| | I 1 W Indoor/Outdoor :
Europe | 200 mWindoor | :
| | | | | |
| | | |
| | | |
| | | | 2-4W
| | | | Indoor/
| | Qutdoor
China/HK 200 mW Indoor !
| | | | | |
I l I I
| | | | 4W
| | | Indoor/
; I 1 W Indoor/Outdoor Ouidoor
India 250 mW Indloor /Outdoor I
| ]
| | | I | |
.
l l l ' In‘:ig\o!rf
| | | |
| - | Outdoor
Taiwan | r S 1 |
| I | |
| | | | | |
| | | I
I I I | ' %W ;
I | | 1 naoor
| | | Oultdoor
1 1 W Indoor/Outdoor (ite-
UK 200 mW Indoor license)
1

| |
:Lower I Mid
[}

u-Ni oo ! WRC U-NII
5150 5250 5.350  5.470 5725  5.825
GHZ
-+

31N 15 5 GHz Unlicensed Spectrum Allocation ¥891/3:nf16i14 9

SVNUMTANBILUINUMIIATTIAAUANIND

dmsumsdszgnalfina Tuladinseie 13 wiMax Tudszmalne £3 49



Y A o o a a a
ﬁﬂ’mzﬂ’liﬂﬂa‘siﬂ')'l&mﬁ'l‘lﬂiuﬂizmﬂ,ﬂﬂi%ttﬂﬂﬂa%’mquinm 5 GHz

dmiudszinalnoaniuzmisasssanadluwnuaduinguiiom 5 GHz ayulldaai (g

31N 16 uazanI 9N 9 Usznaw)

° meﬁm’f‘wg/ 5.150-5.250 GHz (Lower U-NII) mﬁaﬁmu@mmﬁ%ﬂqme?\

(National Table of Frequency Allocations) @Tﬁmuﬂme%"uﬁﬂqﬁém%’ummﬁ%ms
J90aA9M3 Mobile Service ﬁﬁﬁﬁé’qmgaqmvlmﬁu 200 mW (E.L.R.P.) @13
Resolution 229 (WRC-03) Lﬁadﬁnﬂﬁﬁaﬁdqwﬂm 200 mW laianzuAn st
WiMAX ﬁmfmmnﬂﬁ"%fmqﬁ?ﬁaﬁa glflmhﬂmaamsﬁmimmnumﬁu’iﬂqéi’m%'n

WiMAX

° meﬁu"}‘wg/ 5.250-5.350 GHz (Middle U-NII) mﬁaﬁmu@mmﬁ%ﬂqme?\

(National Table of Frequency Allocations) Vl@i”ﬁmu@Lmuﬂﬁu‘i‘nﬂqﬁéﬁﬁ%’ﬂ%mﬂﬁams
J90aA9M3 Mobile Service ﬁﬁﬁﬁé’qmgaqmvlmﬁu 200 mW (E.L.R.P.) 13
Resolution 229 (WRC-03) Lﬁaamﬂﬁﬁagmmﬁm 200 mW laianzuAn g
WiMAX é’ai’fmmnﬂﬁuﬁﬂqﬁfiaﬁa gj‘lwzhﬂmaamsﬁmimﬂtmuﬁéufﬁﬂzlq'éi'm%'n
WIiMAX

° LLﬂUﬂﬁuﬁnq 5.470-5.725 GHz (WRC-03) mﬁaﬁmu@mmﬁ%wqumma (National
Table of Frequency Allocations) Vl,éfﬁ’mu@meﬁ'u’?ﬂqf‘tﬁm%’uwmsﬁmmiswﬁa

o

flan13 Mobile Service NiifAsaIgaga laiifiu 1 W (E.LR.P.) a1 Resolution 229
(WRC-03) Tagtiuunuaduwingfiiimslinuvesiansvainasrinernia dusu

9
v

ﬂszmﬁl‘nmmuﬂgufmqﬁawwn%m%’mmsﬁm%’umﬁ‘fu‘faﬁ WiMAX wuu
Unlicensed ﬁ%ﬁ'ﬂﬁ'\ﬁadagagﬂlmﬁ% 1W (E.LRP.) & iilasaniinansznudiu
sy muMwlagdanansvainasine me uazlasanalunais g dszinela
ﬁ'@aﬁunuﬂﬁuﬁmﬁﬁugmmu Unlicensed

° LLﬂUﬂﬁuﬁnq 5.725-5.825 GHz (Upper U-NII) mi’wﬁmmmmﬁ%qm’ama
(National Table of Frequency AIIocations)Vl@Tﬁmu@Lmuﬂﬁuﬁmﬁﬁm%'uﬁﬁm’ﬁ Fixed
ez Mobile Service laliszyidasigiqaany Resolution 229 189 WRC-03 a91iu
LLnUﬂﬁuﬁ‘nqf:ﬁﬂ'lﬂ"ﬁmmaaﬁamwaaﬂaaﬁwmmﬂ laggnalunans g Uszinele
%’@mmnm‘é‘iuﬁﬂqfﬁugmmu Unlicensed é‘awfmmuﬂguf‘msgf':mmsnﬁ'mﬁmaﬁ
dmuinalulail WiMAX uuu Unlicensed lalagsniniiasgogaiialid

HANITNUAREYYIWIUNIBAUAINIINIIND M ARDLTIFA
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a@ﬂunmﬁu‘inqu‘%nm 5 GHz N&1N1IUNAIRIIINTARITEIRTUINALlad WIMAX ¢ fa

o LLﬂ‘]Jﬂa‘lﬁ‘qu 5.470-5.725 GHz uaz 5.725-5.825 GHz ﬁm%’umﬂ"ﬁmmmu

Unlicensed LLa:ﬁhﬁ'@ﬁﬁé'amgaq@

o 3 ° o o
g g g g g
: : ; “ o 6 &
3400 3700 4200 v 5 ¥ :
cso.Fss : : “?“’9 : b & _e@
(THAICOM) Extended Slandard i | Standard Extended 1
: C-band Cbaid : || Coand C-and !
(SE) (sE) : I I =) {E:s) !
: AR : .
: & gy . : : PR R s
: o P : 5091 5250 ) o ﬁ@é‘ & F
! : : Globalstar : \ f
. d R R ACeS ACeS . Globalstar
s | H : : €3 : (E4) € | 1| B
{feeder links 5 0 = s
for MSS) g B : ]
3800 : 4200 D 5100 5250 59255 G475 6925 7075
: : : 1co : : ico
s-E @ Inmarsat | - N
: i |=E I Assigned, butunusedy | | ©° fnmarsat o | iassignee, but unussa)
: [ g g b :
: o o o P a%ad o 1
. ¥ A ey A
: : S & S 9
5 5GHz ‘
: ITUR F.7463 :
Fived Links - [t ‘
: . : Lower & GHz ;
B 2 . TURF 3825 =
& 4410 4680 4710  49%0 6440 6760 6780 © Ti00
504z %
T TURF 1089-2 . i
;o Amext - i

Upper B GHx
1TU-R F.384-5

3un 16 mié‘@aﬁmwﬁyuunmﬁu?ﬂg 3-7 GHz g wsudszinalng

(57\15\1mmaﬂm?u 239 NNY. http://www.ntc.or.th/uploadfiles/1118285280_im_76.pdf )
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A131971 9 @139 National Table of Frequency Allocations #usudszmalng

nmmfuﬂﬁuf‘mq 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) fi1%%® max. e.i.r.p 200 mw #1930 band 5.150-5.350 a2 max. e.i.r.p.
1 W &30 band 5.470-5.725

4 Aa d a o a g ] a
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3.4.2

Lmuﬂﬁuf‘mq 3.5 GHz

wnuARWINgw 3.5 GHz lunme g dezinalddaarsanuduazgninldldnuly

gﬂLqumJaa Licensed lagfigiaanuanuanasnullanyuaazUssimnalusislssanmaiue 3.4-

4.2 GHz meﬁuﬁﬂqﬁgﬂﬁmuﬂiﬂﬂmal,ﬁamﬂ%mu Broadband Wireless Access hi#Aan

Uinaluglidusziaids dinedulngazimainuanzasldmanalisimsldian:

Fixed Broadband Wireless Access 1wt aanuluszinatmanfitnasinsunlongszifouiine

mﬂwmi’lfﬁmumamquﬁd Nomadic Broadband Wireless Access meﬁuﬁﬂqﬁ%uﬂu@m@ﬁ

RAURATY WIMAX @288719N139083IAND 1%

Uazinaanizaning Masnnsmaud 3.650-3.700 GHz
Uszinauaua laagssnnud 3.4-3.6 GHz

Ussnassnge ldsnassanad 3.48-3.5 GHz ANy 3.58-3.6 GHz (2x20 MHz per
license) WazBnT19ANNAfE 3.605-3.689 GHz ANy 3.925-4.009 GHz

(2x36 MHz per license)

UssnanSoeas ldsaassnnud 3.4-3.6 GHz
naodzinaluniy gla fAIRININANNT 3.4-3.8 GHz
Ussnasasanis ldsaassinnud 3.4-3.6 GHz
Ussmauiaife fssRasananud 3.4-3.7 GHz

Usznadude fNaINa1TanANNd 3.3-3.4 GHz

A v o o aa < AN v a a o o
uaﬂa’]ﬂﬂszLﬂﬂﬂﬂa’]’)&]’]T’m@]u UGNaﬂ%ﬂ’]ﬂﬂszLﬂﬁﬂ’JIaﬂﬂvL@Q@ﬁiiﬂjquﬂ‘ﬂiaﬂqad

ﬁ'ﬂﬁmmmmﬁuﬁﬂqﬁnm 3.5 GHz &1%3UUIN"T Broadband Wireless Access LT

= a U 1 6 a a ada > =1 a <1 a
lun3vawsn leun anslandul usds 38 laauidy Aaga1In1 wingln w3

a

lun3thagy Teun 3u duladiids Tdnin a3aent AFUTwd

Zuw?ﬂq[n/ Lﬁaunnﬂs:mﬂﬁﬂé’aﬁmmwﬁl,muﬂﬁu%Uu'%nm 3.5 GHz

q

amuzmsi’fﬂassmmﬁﬁm%’uﬂszmﬂl‘nﬂ‘lmmuﬂﬁu%qu’%nm 3.5 GHz

[

éim%'uﬂs:mﬂvlﬂmamu:mﬁ@mim']uﬁluunmﬁu%qﬁnm 3.5 GHz agﬂ"l,@mﬁ

(93U 16 uazan19N 9 Ysznaw)

LLﬂUﬂﬁuﬁnq 3.4-4.2 GHz Iumﬁmaﬁmmmmﬁi%ﬂqLLmﬂma (National Table of
Frequency Allocations) ladinsinuanianis Fixed uaz Mobile tIw Secondary I@m‘ﬁ
ANy FIXED-SATELLITE 1Iu Primary LLazﬁﬂ'}ﬂ“ﬁmumaaLmum'é"u%wqfﬁuﬁams
aLfisa e meﬁ'u’%ﬂq 3.4-3.7 GHz swsuanfisdneay 3 lufieansnas
(Downlink or Space-to-Earth) Laz LmUﬂEﬁ"u"?nq 3.7-4.2 @Msuafisn Inoay 1,2,3

lufian192189 (Downlink or Space-to-Earth) ﬁdgﬂﬁ 17
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3440 3480 3520 3560 3600 3640

| [ b W [ [ Thaicom 3
3425 3465 3505 3545 3585 3625 Downlink
" ! vV | V v | v
| ] V = Vertical Polarisation
] ] H = Horizontal Polarisation
3400 MHz 3700 MHz

3740 3780 3820 3860 3900 3940 3980 4020 4060 4100 4140 4180

| H H Hl[H ][R ][H]][H][H]][H][H H H
3720 3760 3800 3840 3880 3920 3960 4000 4040 4080 4120 4160
v [[v ][ v ][ v~V ][~ ][ vI[v ][ v][~][Vv ][]V
| |
| 1
3700 MHz Thaicom 1,2,3 4200 MHz
Downlink

3N 17 uaasdassyrmvesn1uiisy ThaiCOM

nngUh 17 AW AINaN 8N ThaiCOM "L@?ﬁmﬂ’ﬁa']umauﬂqmaa@ﬁdLmu
ﬂﬁuﬁmq 3.7-4.2 GHz lufian1s Downlink @9%WENHNITIARIINNUDRIWTU WIMAX LnLaU
aawIng i WiMAX azlildTunansznududyanasuniuananifisinnzanuniizes

a =

fyamenifionligs udsniiignusesnnafisuazldsunissuniuainiiants WiMAX

v v

IINNIANBINIIAFIIANNAVIVALATEINITING (@MARWIN 3) LHB931NFaINI

¥ ]
= =

wunnan Iadumssnnaznaniaedldinsldns WIMAX uaz FSS uufunuSondaanis
16 wazHansAN®IWLIN WIMAX waz FSS (Fixed Satellite Services) ldanansalgsiunulelu
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5’1mmﬁ"tﬁummmmfﬁugmmaa IEEE 802.16 %38 WiMAX Technology ®a1%nyal
M33ARIIANUATIWSU Broadband Wireless Access wasnmatszimalulan duusinumwinig
M39AEIINNEEWSU Broadband Wireless Access Tudszinelng viadonsdidinsnmasasss
ﬂfawuﬁluﬂimﬂawﬁ”gal,u%ﬂ’l
malulad WiMAX aziiunumindylusmandrsmih Seinligldmansafiazdnis
Bwmaiiialdnniaa ‘qﬂamuﬁ LLa:LﬁﬁyugﬂLmumﬂ%\ammsama%’lamiuum%aﬂwU
wireless nnshaztrBedwmnaiiialiasanluinu lusenfla wiouSiam Hotspot g3
dhBedune el dmelussanides sdimaddsuudaslunans g dudlasfietuludngesds
suTanawinit visluwdvesinaluladfinamn s WIMAX snansnsassu Mobile Service nn3
U313 WiMAX ﬁww%uqmaﬁﬂﬂﬁanﬁ@ﬁu ﬁtymﬁmaanﬁ@%umu SesFanmIuniu e
aulanast AnudasmMIMITasTInNudnasaIfaTaLam
nnnsAnsuazilezidayalunans g LLdywﬁqﬁﬂdnmLLﬁa CRARLERT
FoLAWOUBELAZLINNINM TS Aas TN AT U IRUS N sUTaauune 13 lesit
1. Lﬁ%ﬂiﬁﬁﬂﬁﬁ@ﬁiiﬂmuﬁé(mﬁ"umﬂﬁu%msma@LLuu@‘lugﬂLLuumaa Licensed 1Juauay
LIn dauﬂ’lﬁmﬁﬂ’a’mﬁi‘lugﬂLqumJaa Unlicensed (License-exempt) ifu luﬂﬁ]gﬂ'u
inalulad WiMAX felaisansafiazsassumsldnuuuy Unlicensed @ognafiszdnsaw
LLazﬂ’aanyuamu:ﬁﬂé‘dﬁ@um Fsdoaldiamotnatensn 12 T daiusaaueliiing
RIITUNMFIAFIINMNALDY License tHnudusuun
2. Laual,l,uamdmiﬁmimﬁ'@aﬁmmﬁlﬁﬁﬁ%'u Broadband Wireless Access (BWA) lag
NMTHINAANNT
2.1 enundonldvaanaluladfianldou BWA
2.2 WWININTIAFTIANE BWA 289U5zinedug
2.3 WWIN9T89 ITU-R F.1401-1 S9Ne18uminismstansanmssaassanuisnsy
Fixed BWA
2.4 Fongwinpvastsznalnofifeadas
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AIBWI LI A NINTWINFIIAMNDFIATU BWA LU Licensed 1mmm§u§‘nq
asdialinAa
® LDUARWINEEL 2.5 GHz AiB 2.3-2.4 GHz (ANWNTIUALARKING 100 MHZ) Uaz

2.5-2.690 GHz (mmﬂ%mnuﬂﬁu‘iwq 190 MHz)

® LDUARWINEEL 3.5 GHz A 3.4-3.7 GHz (ANUNTIUALARLING 300 MHz)
3. MNINTMIAFIIANVAWUY Licensed uuunmﬁuﬁ‘nq 2.3-2.4 GHz 3918 lwinIy
o =% L= 1 dQJ
FuiuwnIadsia lud

(% ¥ o

L4 @ﬁ’]?laﬂ']ﬁu(ﬂﬂ’]il“ﬁd’]ui'lNﬁuizﬁ’jﬁdﬁﬁ]ﬂ’]i BWA nufian1s Fixed Links

® funua Channel Block 5 MHz figanAdadruu1AIz1H WIMAX
4. fRNTINTAEIINNNALLUL Licensed ummuﬂﬁuﬁﬂﬂq 2.5-2.690 GHz 9iaualiang
Fuiumsasdolyil

° Lﬁaammmmé"uﬁﬂqf:ﬁmﬂ%mumaa MMDS 1IaU’Luﬁuﬁnqamwmm:ﬂ%mmma
wazlignslaonuluiuiienssinia ﬁqfuiuLqui:ﬂ:ﬂﬁaﬁqLaualﬁﬁmiﬂ%'uﬂgq
wnsaWanams MMDS anlglufiants BWA lagansaslfuwimensinass
mwﬁiluLanﬁuﬁwqﬁmaa US FCC 1nUsznaumIAanTan (MARuIN 2) dulu
wnuszzamaualiiaaTsnnuigminiants BWA Alidnanssnududmnim
JUNIUGa MMDS %ammiﬂ%@mﬂm@ﬂd’lsﬂswm'mm’msjamﬂﬁ’mmﬂﬁﬂ
fnAuMsTUNIuAG

o o

o Jarntarnuan I TNuIINAUITAIIAINT BWA AuAans Fixed Links
® 1iN%ua Channel Block 5 MHz ﬁaa@ﬂﬁaaﬁummgm WIMAX
5. hfianIondasIInuaLUY Licensed ummmfw‘luﬁﬂq 3.4-3.7 GHz 39iaualAinng

FUAUMIANBINANTENUUANTTUNIBIBANT LTI UTINAUTZTATININNT BWA AuAans
afiny ThaiCOM 1ududuusn dwamsdnsAiansanliinssasssanuiuuy BWA
1o SoaualiSmsdniiiumsaseolyil

o Lﬂfﬂ‘EluLL‘]Jad&'ﬂH:mﬂ‘ﬁmumm Fixed LLae Mobile services 310 SecondaryL‘ﬂu

Primary ’Lumiwﬁmu@mmﬁ'%ﬂqLmea SafuarilWhan s Fixed uas Mobile

services L co-primary Aufan3 Fixed Satellite Services
o JarinTarinuansl T uIINARITHINNAINIT BWA Aufanisanifies
®  FI1ID MUWINIINITINRIIANNDVBIAUNATAIRL AT INILITNAUNININTIH

® %ua Channel Block 3.5 MHz N188AAR8INUANAIZIH WIMAX
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6. luszszenuaualdiinsRasonmitasssnnuiuuy Unlicensed laziauald@fianson
$AFIINNNALSIM 5 GHz ﬁl,mummﬁ%q 5.470-5.725 GHz (mmn%mnmﬁluﬁwq
255 MHz) U8y 5.725-5.825 GHz (mmn%mnuﬂﬁu‘iﬂq 100 MHz ) lagfimsdufinnns
aadelud

° ﬁmu@gﬂLmumﬁ@mimmﬁuuu Lite Licensed (lataataualag UK OFCOM)

° ﬁmuﬂﬁﬂé’aﬁiagaq@L‘ﬁalﬁﬁNam:‘m_l@iaﬁamimaanaaﬁwmmﬂﬁa U‘ﬁq@

° %’@ﬁﬁaﬁmu@qﬂmtﬁﬁamﬂuunmﬁu‘iwqﬁﬁma%’umﬂiu‘[aﬁ DFS (Dynamic
Frequency Selection) iLaz TPC (Transmitter Power Control) L‘ﬁaaﬂwaﬂiwuﬁﬁu
Fyanmsuniuiufanisau

® i1%ua Channel Block 10 MHz ﬁaa@aﬁaaﬁumm@m WiMAX

7. LaualﬁﬁﬂﬁsﬁnwﬂiuL@aLﬁ'maﬂugﬂLmumﬁ@mimmﬁ fagaTy luaalunsaan
luaugnauazmsiuuasaauLuaaUINg Tuealumstruafuiinsliusnisg
LANZRY gﬂu:umlaams‘lﬁ%ﬂﬂumﬂ‘ﬁﬂﬁummﬁ waztziauanudunlndu lie
ﬂsz@juLLazdaLﬁ%ﬂﬁﬁmsammmﬂ"ﬁam BWA finagninnsuinsuasiai

8. iaualiimInaasduazissinalulad WiMAX Lﬁaﬁﬂmﬁ']uﬂﬁuﬁwq mMITUMuiatass
\fafiuRan1sau wazmsldonu Application ¢ ialdlumsdsznaumsaaaulalums
sagsInNNd IuLLNuS:sJ:a%y'uf':mualﬁﬁmimamﬁmefﬁ‘umm?ﬁﬂq 2.5-2.690 GHz

9. mualiinssasuumnissassInnuddmiuuTaauuna l{me WasuWsanufainen

WBNUNIATE MALNTU UAZYAAINY 1

uanmnﬁiuymawaaﬁh%’y Fnanuew nansUsztautnaIny WIMAX Neadsanaii
AN T8 WRZWAW LNULANLTY
Ao o a . va o & & '
o Adpuszwanunalulad wiMAX Tlenudssansuindu niluwizasanasgin uae
SzUuAUgNANNLAeanY
®  ATBNANIENUN MUY MILNIULALADUA lulumsfaaiszuy WiMAX
® FUNIILDNLUL ANAILRZNAFA LAIBUNE WIMAX

® LRI NAWILATDINA IUNITIVFANITZUL WIMAX ag1iidseanTaw

o

a 04 6 dl' 1 nl'nl C™

e Jnuazwamglninliaissgnineninendvda

®  FIUUATWNAUINTIAUITENTAIW WIMAX Naluduas t3aslan11iadsans anuis
sl,ums%'udaﬁaga mmmmmlumisaﬁué‘lfﬁ AMVRINITD LN ITTURIAWLRZLRE

%38 Quality of Service (QoS)
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®  FBUNZTWAIW application UHLAIALE WIMAX
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1. @8819N1VAFIIAMNIEINIU WIMAX Ba9l3ztnaans 9
UszinAan3IgaLlu3nn - Federal Communications Commission (FCC)

Uszineanizaim lélinnsdaassanuiuuy License ﬁmeﬁuﬁ‘ﬂq 2.500-2.690 GHz 1%L
A3 Fixed Waz Mobile Service sanansninluldiuimalulad WiMAX Lammmﬁuﬁwqﬁﬂﬁ
imssasssliiuAanisuas MMDS wia vimsinsvmiedsldane fedesn Fee la
wasuulasnginailageygnalst MMDS sansal#u3ms Two way communication #3a
BWA LLazﬁLquIuﬂWiﬁ%‘ULﬂ'&‘ﬂuslumi%‘mﬁmmﬁﬁmeﬁuﬁﬂqf: (@Sunslunanuin 2)
U991iuu36n Clearwire ldasauases License madLLﬂUﬂguﬁﬂqﬁIummﬁuﬁLﬁuﬁ Dayton
Beach — Florida, Abilene — Texas, St. Cloud — Minnesota LLa:LéaJsLﬁu‘%mi pre-WiMAX service
I Jacksonville — Florida mam@u‘ﬁuﬁ 100 a9 luE

LALAAINY 2.305-2.320 GHz Uax 2.345-2.360 GHz fil3unin Wireless
Communications Services (WCS) laiimMIRIanI0aIsdniu BWA LUU License

me?{u‘iﬂq 3.400-3.650 GHz Fsinslduuasians Radiolocation (Radar) W8z
1w Primary service ﬁdﬁuﬁﬂ&iﬁLLN%iuﬂﬁi%@ﬁiiLLﬂUﬂﬁuﬁﬂq 3.400-3.650 GHz §1%#IU
WiMAX

ATIARIIANUBUDY License 31 BWA 1Humsiaassanauiuf wie Geographic
based license I@Uﬁmsﬁmu@muqm:ﬁummmeaaé’tyzywmﬁu%nmmawaaﬁvuﬁﬁvlﬁ%’u
luauanalasiwualiiiv 47 dBupvim

me'é"u%ﬂq 3.650-3.700 GHz AmMIsagssaNuA& ML BWA Tuztunyvas
Unlicensed @9ald5un1sduasasiudganmsunimlasmaluladfiazianlfluuauaduing
ﬁﬁaaﬁgﬂuuumm Contention-based Protocol (gﬂl,l,'i_li_lmﬁmﬁdﬁu access protocol 184 Wi-Fi)

INORANBNTENUA WS I HIUNIN
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‘iJ‘Szmﬂé'dﬂi]‘le} — Office of Communications (OFCOM)

Uszmassngeldsaasninufitnn 3.5 GHz &3y License 184 Fixed Wireless Access (b
augnal#lFuuuy Mobile) 43 oFcom lilddmsimuainzaamaluladfiazinanlsusias
Juwuuidlanield Operator L‘i’lqul,ﬁaﬂ1°ﬁLﬂﬂIuIa§ﬁLﬁu1:auLad ueaealsAany WiIMAX f
mmmﬁmﬂﬁmmmﬁu‘iwqﬁwlﬁ OFCOM "I,@ﬁ'ﬂaﬁl,l,nm’é"u‘iﬂq 3.48-3.5 GHz §inu 3.58-
3.6 GHz (2x20 MHz per license) LLaz 3.605-3.689 GHz ﬂ'ﬁ"]_l 3.925-4.009 GHz (2x36 MHz per
license) License mﬁhﬁwlﬁgnmaumad‘[ﬂﬂ 2 Operators fo Pipex ttas UK Broadband
oFcoM ildimuatiainasgegauesiougnalisldfe 14 dBWMHZ wia 21 dBW/MHZ lu
UNINTOh

OFCOM El'avl@i’ﬁ'@am,l,nuﬂﬁu%q 5.725-5.850 GHz §%5U FWA WUy Unlicensed lasg
in3uLis Channel aantiluauia 5 MHz, 10 MHz U8z 20 MHz Channel Block Am4Ru1
qﬂﬂsaiﬁazﬁflmlﬂﬁﬁaaLﬂuvlﬂmwﬁaﬁmumaa OFCOM fia guninidaslfinalulad DFS
(Dynamic Frequency Selection) az TPC (Transmitter Power Control) Lﬁalﬂummﬂwamzﬂu

U Q ‘é e o ) o Qs 1 T a
MURYUIWILNINTINWLRENY OFCOM m%u@mmmg&q@iwmu Max E.LR.P. 2 W

UszinALAIAT — Industry Canada

UTLNALAWIAN b IARIIAMNALULY License N 3 meﬁuemq fa

® 2.3 GHz §%3U Wireless Communications Service (WCS) 5%\‘1 WCS &an3ald e
Fixed L& Mobile Services 31351y Channel block 1% 2 x 15 MHz (40 MHz duplex
spacing) 1@ License fa 2.305-2.320 GHz fny 2.345-2.360 GHz iimsfiwuainass
g9gAd ML Based station 7l Max. E.LR.P. 2000 W. az Mobile station 1 Max.
E.LR.P 20 W.

® 2.5 GHz (2.500-2.690 GHz) &1%3U Mobile Services agjﬂuﬁumaumiﬁmsm

® 3.5 GHz (3.475-3.650 GHz) #1%3U Fixed Wireless Access (FWA) lagiinsuiia
Channel block 1% 2 x 25 MHz (100 MHz duplex spacing) §@ License Ao
O 3.475-3.500 GHz Qﬁ‘ﬂ 3.575-3.600 GHz
O 3.500-3.525 GHz Qﬁ‘ﬂ 3.600-3.625 GHz
O 3.525-3.550 GHz iU 3.625-3.650 GHz
O 3.550-3.575 GHz (Stand-alone 25 MHz block)
LLazﬁ'ﬁﬁmiﬁmuﬂﬁﬁam@aq@ﬁ Max. E.I.R.P 32 dBW

meﬁu‘i‘nﬂqﬁ'ﬂﬁ'mﬁmminlﬂﬁﬁumﬂI‘uIaEi WIMAX
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§IUMIIAFIIAMNAULY Unlicensed % Industry Canada ldiaassiunuaduing 2.4

A A a A ' A o A 2
L 5.8 GHz GmLmummﬂqmglumwm:mmﬂIuT,aﬂ WIMAX 31 l4@a
® 5470-5.725 GHz I@Uﬁﬁ%u@ﬁﬁé'aaagaqﬂ Max. E.L.LR.P 1 W.

® 57255825 GHz I@ﬂﬁmumﬁﬁé'aquq@ Max. E.I.LR.P 4 W.
szinAaadLasLag — Australian Communications and Media Authority (ACMA)

Urzinaeamandeldinasrnnuiuuy License fazmansnianldtiumalulad WiMAX i 2
me'é"u%ﬂqﬁa
® 2.3 GHz (2.302-2.400 GHz) s'fidLwiL@uLﬂmmmﬁuﬁﬂqﬁm%'uﬁams MDS l#u3Sn3
a3 mwé’amm’%mﬂmﬁaﬁﬂ@ﬁﬂﬁmugmmumﬂ MDS anlgtn
matﬁﬂuﬁﬂﬁunmﬁ'uﬁﬂqﬁdnm %dvlﬁﬁmiﬂaﬁmmnmﬁu%qf:uﬂ"ﬁﬁ'uﬁami
Wireless Access Service (WAS) lasiin1sutis Channel Block 7 MHz fanits License
dafuiiniteg Tas License azpnavaunIadlag AUSTAR uaz Unwired BaTunuwaz
1AL3T WAS ’uszuuiaiading l¥as WiMAX
® 3.4 GHz pniaaTs@nILAan1T BWA lasfin1sutis Channel Block Lilu
O 2 x17.5 MHz (50 MHz duplex spacing) §ia 1 license "ﬁ 3.425-3.4425 GHz Nu
3.475-3.4925 GHz)
O 2 x32.5 MHz (100 MHz duplex spacing) ¢a 1 license ‘ﬁ' 3.4425-3.475 GHz
NU 3.5425-3.575 GHz)

ACMA §5ldsag33a10AUDD Unlicensed ﬁLLnUﬂﬁuﬁwq 5.8 GHz (5.725-5.875 GHz)
Tagfimsimuaringsds Max. ELRP i 4 W,

1J9zin@ Switzerland — Federal Communications Commission (ComCom)

ComCom VL@T%T@aismmﬁ"é'mﬁ"uﬁaglﬂmhwm WIiMAX atju3iink 3.4-3.8 GHz

e 1ui) 2000 ComCom vLﬁL‘TJ@]ﬂi:%la License a1g 10 U &M3U Wireless Local Loop “71'
3.410-3.494 GHz ua¢ 3.510-3.594 GHz

e 1ul 2005 ComCom VL@TﬂizmmzLﬂ@ﬂszgaﬂﬁummﬁi?’nvx%’u BWA lusainaifiaas
2941 2006 ﬁ'Lmummﬁ'%q 3.41-3.6 GHz Hvswua 3 licenses (W01l 2016) Ly
nationwide fia Channel block 2 x 21 MHz 3142% 2 licenses W& Channel block 2 x
17.5 MHz 97%43% 1 license I@ﬂﬁmiﬁmu@ﬁﬁmagoq@ﬁ Max. E.I.R.P 35 dBW

® ComCom ﬁLquﬁazﬁ'@aisLanﬁuﬁﬂq 3.6-3.8 GHz & %U Fixed Wireless Access

%aN31N% ComCom HI9ARIIAMNALUY Unlicensed 1 5.47-5.725 GHz lagimsnnamiadas
950N Max. ELR.P. 1 W.
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Usznanng - Ministry of Information and Communication

Uszinaimna lafimssaassanuddwsu WiBro daflwinalulad subset 189 Mobile WiMAX
(IEEE 802.16¢) lagfinnuafiuauaduing 2.300-2.390 GHz lagfinmsuis Channel Block
aanidu 3 x 9 MHz ¢ia 1 license 394 3 operators ﬁvl,ﬁ license fia KT, SKT waz Hanaro

Telecom
szinafaalils — Infocomm Development Authority (IDA)

IDA l&finsdnsssanuiidamsy BWA flunuaduing 2.300-2.350 GHz lagil Channel Block 5
MHz az 2.500-2.690 GHz lagil Channel Block 6 MHz Tan{ilet license fia MobileOne,

inter-touch Holdings, Pacific Internet, Qala Singapore, SingTel Waz StarHub

IDA ﬁaagiuﬁu@l aumyansn Il ldlumsldanusiunuizning BWA uaz fixed

satellite service lugnunud 3.5 GHz
wwalnasasilArdadng — Office of the Telecommunications Authority (OFTA)

OFTA lddaasinnuiidmiu BWA flunuadwing 3.5 GHz (3.410-3.500 GHz waz 3.510-
3.600 GHz) lasussaanidu 6 licenses 918 15 1 udag license & Channel Block 2 x 15 MHz
(100 MHz duplex spacing) Jdamuuainluglrsusnaunsnliusnisua Fixed Service Nt

LRZWAIAIN 1 UNTIAN 2008 399811 AUIAT Mobile Service Lo
ﬂsxmﬁfy’ﬂ‘u — Minstry of Internal Affairs and Communications (MIC)

MIC ladaas3021ufdMIL Wireless Access Systems flunuAdwing 4.9-5.0 GHz uaz 5.030-
5.091 GHz 1199174 Yozan $1u1iU Airspan ldi3u@ans WiIMAX iWal#uin1s BWA #ufila
nanTlafefiunuaduing 4.9-5.0 GHz laofl MIC ladiamaidigegah Max. ELRP 5
W.

. g . .
BHWLIUN M INTANMANGIAnELas The Study Group for Wireless Broadband Promotion of
Japan's Ministry of Internal Affairs and Communications (MIC) AUNUIZTIAFTIANNDIIRTL

mobile communication 5379 WiMAX flunuaduing 2.535-2.605 GHz
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Uszinanalse — Malaysian Communications and Multimedia Commission (MCMC)

MCMC 1@9a8330MuD& %Y BWA ﬁmeﬁuﬁﬂq 2.3-2.4 GHz lauin3419 Channel Block
aantdu 5 MHz lagin1IutsNunuas BWA aanidundnue 13 AuwnlukdasNunazginisns
Operator |6i§4§a 5 Operators usiaz Operator azldn139asTsANNARL9%EL 4 X 5 MHZ

Channel Block MCMC fnviuadiadnasuinasasit Max. E.ILR.P. 40dBm ¢ Channel

MCMC 3a833nuadmsy FWA ﬁl,mm‘é'u%q 3.4-3.6 GHz (Band 1) lasiin15uLis Channel
Block aaniiw 2 x 3.5 MHz (100 MHz duplex spacing) Operator %ﬁdmmmﬂizgavﬁamdﬁ’]
4 lots U89 2 x 3.5 MHz MCMC ﬁ'd"l,@ﬁ'@mmnuﬂﬁu%q 3.6-3.7 GHz (Band 2) §1%3UN3

Pe18a7luauIaa Operator FWA @adrinnmstssaminua &y QassunIuny Fixed Satellite

Service MLmUﬂﬁuﬁmﬁﬁ’m
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M13197 13 N1IIAAIIANDEIRIL WIMAX 81530 sztneans §

Frequency Power Operator
Licensed/ (Frequency Range)
Country Band Services Restriction granted Note
Unlicensed Channel Block
license
Unwired plans to

(2.302-2.400 GHz) Wireless Access Max Power 10

2.3 GHz Licensed ) Austar, Unwired | launch WiMAX in
® 7 MHz / license / area Service dBm.

Sydney
(3.425-3.4425, 3.475-3.4925
GHz)
® 2x17.5 MHz
Australia _ ® 40 MHz duplex spacing Broadband

3.4 GHz Licensed ] N/A N/A
(3.4425-3.475, 3.5425-3.575 Wireless Access
GHz)
® 2x325MHz
® 100 MHz duplex spacing
(5.725-5.875 GHz) Broadband Max.e.i.r.p.

5.8 GHz Unlicensed N/A
® N/A Wireless Access 4 W.




Operator

Frequency Licensed/ (Frequency Range) Power
Country Services granted Note
Band Unlicensed Channel Block Restriction
license
(2.500-2.690 GHz)
2.5 GHz Licensed Mobile Service N/A N/A Under consideration
® N/A
Base Station Max
Wirel
(2.305-2.320, 2.345-2.360 GHz) | T oo e.ir.p. 2000 W.
2.3 GHz Licensed Communications
® 2 x15MHz/li / Mobile Station
X z / license / area Service (WCS)
Max e.i.r.p. 20 W.
(3.475-3.550, 3.575-3.650 GHz) 32 Companies,
841 licenses
Canada ® 2 x 25 MHz .
. Fixed Wireless Max e.i.r.p.
3.5 GHz Licensed ® 100 MHz duplex spacing
Access 32 dBW
(3.550-3.575 GHz)
® 25 MHz
(5.470-5.725 GHz) Broadband Max.e.i.r.p.
5.7 GHz Unlicensed N/A
® N/A Wireless Access 1 W.
(5.725-5.875 GHz) Broadband Max.e.i.r.p.
5.8 GHz Unlicensed N/A
® N/A Wireless Access 4 W.




Frequency Licensed/ (Frequency Range) Power Operator granted
Country Services Note
Band Unlicensed Channel Block Restriction license
Allow fixed
(3.410-3.500, 3.510-3.600 GHz) service first then
Broadband
Hong Kong 3.5 GHz Licensed ® 2 x15 MHz N/A N/A allow mobile
Wireless Access ]
® 100 MHz duplex spacing services after Jan
1, 2008
(2.535-2.605 GHz) Mobile Under
2.5 GHz Licensed N/A N/A
® N/A Communication consideration
(4.9-5.0 GHz) Yozan and
Japan ) Airspan offer
® N/A Wireless Access | Max. e.i.r.p.
4.9 GHz Licensed Yozan WIMAX service in
(5.030 — 5.091 GHz) Systems 5 W.
metroarea of
¢ NA Tokyo
(2.300-2.390 GHz) KT, SKT, Hanaro | Provide WiBro
Broadband
Korea 2.3 GHz Licensed ® 3 x 9 MHz /license/ N/A Telecom (recently | (subset of mobile

nationwide

Wireless Access

dropped)

WiMAX) services




Frequency Licensed/ (Frequency Range) Power Operator granted
Country Services ) Note
Band Unlicensed Channel Block Restriction license
There are total 13
(2.3-2.4 GHz) Broadband Max. e.i.r.p. areas. Each area
Malaysia 2.3 GHz Licensed ] N/A
® 4 x 5 MHz /license/ area Wireless Access 40 dBm/channel have upto 5
operators
(3.4-3.6 GHz) — Band 1
® 2x3.5MHz Coordinate with
Fixed Wireless Band 2 is for the
3.5 GHz Licensed ® 100 MHz duplex spacing Fixed Satellite N/A
Access ) future expansion
(3.6-3.7 GHz) — Band 2 Service
® 3.5 MHz
(2.300-2.350 GHz) Broadband MobileOne, inter-
2.3 GHz Licensed N/A .
® 5 MHz /license/ nationwide Wireless Access touch holdings,
Pacific Internet,
(2500-2690 GHZ) Broadband .
Si 2.5 GHz Licensed ] N/A Qala Singapore,
ingapore ® 6 MHz /license/ nationwide Wireless Access SingTel, StarHub
Under studying of
Broadband
3.5 GHz Licensed N/A N/A N/A coexisting between

Wireless Access

BWA and FSS




Frequency Licensed/ (Frequency Range) Power Operator granted
Country Services ) Note
Band Unlicensed Channel Block Restriction license
(3.410-3.494, 3.510-3.594GHz) | Wireless Local Licenses expire
3.5 GHz Licensed N/A N/A
® N/A Loop 2010
(3.41-3.6 GHz)
Broadband Max. e.i.r.p. Licenses expire
3.5 GHz Licensed ® 2 x 21 MHz (2 licenses) N/A
Wireless Access 35 dBW 2016
Switzerland ® 2x17.5 MHz (1 license)
(3.6-3.8 GHz) Broadband
3.5 GHz Licensed N/A N/A Under consideration
® N/A Wireless Access
(5.47-5.725 GHz) Broadband Max. e.i.r.p.
5.7 GHz Unlicensed N/A
® N/A Wireless Access 1W.




Frequency Licensed/ (Frequency Range) Power Operator granted
Country Services Note
Band Unlicensed Channel Block Restriction license

(3.48-3.5, 3.58-3.6 GHz)

® 2x20 MHz Max. e.i.r.p.

® 100 MHz duplex spacing Fixed Wireless 14 dBW/MHz or Pipex, UK

3.5 GHz Licensed

(3.605-3.689, 3.925-4.009 GHz) | Access 21 dBW/MHz (special Broadband

® 2 x 36 MHz case)

® 320 MHz duplex spacing
Equipment

United s must
Kingdom support

DFS
Dynamic

(5.725-5.850 GHz) Fixed Wireless | Max. e.ir.p. ©y

5.8 GHz Unlicensed N/A Frequency

® 5 MHz, 10 MHz, 20 MHz Access 2W. )
selection)
and TPC

(Transmitte
r Power

Control)




Frequency Licensed/ (Frequency Range) Power Operator granted
Country Services Note
Band Unlicensed Channel Block Restriction license
2.3 GHz Licensed (2.305-2.320, 2.345-2.360 GHz) | Wireless Max. power at service N/A
e NA Communications area border
Services (WCS) 47dBpV/m
2.5 GHz Licensed (2.500-2.690 GHz) Fixed, Mobile Max. power at service Sprint, Clearwire Allow
® 16.5 MHz Services area border incumbent
47dBuV/m MMDS
operators
to provide
BWA —
see
United State appendix 2
3.6 GHz Unlicensed (3.650-3.700 GHz) Broadband N/A N/A Equipment
o N/A Wireless Access must use
content-
based
access
protocol
5.7 GHz Unlicensed (5.47-5.725 GHz) Broadband Max. e.i.r.p. N/A
o NA Wireless Access 1 W.
5.8 GHz Unlicensed (5.725-5.825 GHz) Broadband Max. e.i.r.p. N/A
o N/A Wireless Access 4 W.
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2. nsrﬁﬁnmmsﬂ%’uﬂ@ms%’massmwﬁam%’u BWA Glmmuﬂﬁuﬁﬂq 2.500-2.690

GHz 2asiszindanigatuini

sluﬁ'ﬁaﬁLﬂumtﬁﬁﬂmﬁomﬁmm‘smmﬁmeﬁ‘lﬁ‘nq 2.500-2.690 GHz lwiszine

gW3galN3n1lagniassnn US Federal Communications Commission (FCC) Lﬁasl“ﬁl,ﬂwﬁa;&aﬁm%'u

@ A
M3AAFIIANND InUzINne ng

wa [~
Uszaaanuddunun

ﬂi:"i’ammLﬂumlumiﬁ’@mimmﬁmeﬁu'iﬂq 2.500-2.690 GHz I@m@ﬂﬁé’aﬁ

1ull 1963 FoC 'lélimIdasssnaud 2.500-2.690 GHz &w3uAams Instructional
Television Fixed Service (ITFS) GslduSmsssdyanmlnsviemiifonsdnm ienstin
autw lasfimiudstessygroniu 31 Tesdyqro Tasdanmas 6 MHz as3ul 19

1wl 1974 Fcc lddasssanuiignsuuSn1sfigon Multipoint Distribution Service (MDS)
Waliusmialnarieliadaliane lavdaasslw 2 Tasfyam 1asaz 6 MHz Bandwidth 7
m’mﬁl 2.150-2.162 GHz léiliii MDS Channel 1 (2.150-2.156 GHz) LLaz MDS Channel 2
(2.156-2.162 GHz)

1ud) 1983 iflasanTanudasmasulnsriafiteanuiuisnniu Fec laimslaudne
8 ToIdTyRYIMVad ITFS (Tasdnyqno E uaz F aagu 20) Tl¥dwiu MDs wananil Fcc
fSananongauanals ITFS munsavihgesdganaliasdnsdwsniiagsfiansdled
lull 1991 finsdasssiiudutesfygroliun MDS (Fasdyanas H a3y 20) 1ull 1996
FCC ayanal# ITFS uaz MDS swsaldinalulad@inaalunmsssayyralnsvatle
1uil 1998 FCC aunnalit ITFS waz MDS manInliuinis nasdoyadinaasasmile
L UIMIueiauURaANEIE UIMiBunediia Wudu uanmitannuinias

sy mlnIneadnaie?

luil 2001 Fe ayanaliuaunaning 2.500-2.690 GHz aansasi Tl lsu3nns Mobile
Wireless Service

ayUluilagiin (2006) mi'%'@miﬂ’s’mﬁluunmﬁu’iﬂq 2.500-2.690 GHz Usznav'ldadae
20 TIFYYIH (Tadaz 6 MHz) §1%IU ITFS (Taddugnmi A, B, C, D, G) uaz 11
TOIRYUI(TOINE 6 MHZ) f19%TU MDS (Tadsygth E, F, G) ﬁogﬂ‘ﬁ' 20 R0

Twusnsle 4 pHBINEE
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1. uauzdanidlamaifien (downstream) lanlirassags

aidlamadien (downstream) lagldnasasgs

€

=

anaLdiea (downstream) lanliiaasige

€

TayadaraxaIN1g (upstream uaz downstream) lanlErnasasgs wia

A O N
e
©
e e e S
2
)
)]

ITFS &z MDS operator sl,ﬁﬂ'n11aulm:uuﬁ’t%msdoﬁagaaaama*ﬁ'ﬁﬁwéﬁaa@‘iwiugﬂLLuu
289 cellular ABNWNAHFNRZIUNTTNLRYYIB NINNIUDUMAEIFI (N2 TzUDMFIE
fudnane g soniigusnanInsasivglEldninnii uazaansnsesiunsssuuy Non
Line of Sight 'l&"

2.500 2.690
GHz (31) 6 MHz Blocks GHz

- I
= m
Lol -
()
[
w @
.
s~ m
-0
-0
[XNe]
ND
w0
w O
=0
& 0
- M
=T
Pm
L B 1 |
wm
w T
& m
E |
- @
= T
[N 7]
M I
w @
w I
LN}

[ | ITFs [ | mps B Guard band

311 19: myTeasIAudluunuaiuing 2.500-2.690 GHz va3LlszinAanIZaINTM
wINWMILURnUlaIN159INEIIANNEI1MTY Broadband Wireless Access

FCC VL@TLauaLmeomiLﬂﬁsmmJaoﬂ'ﬁﬁ'@aﬁmmﬁmeﬁu’iwq 2.500-2.690 GHz (ggﬂﬁ 20
3znay) I@yagﬂé’a@iavlﬂf:
* LNUBUAUAAUINY 5 MHZ (2.495-2.500 GHz) ausaunansLilu 2.495-2.690 GHz
° LLﬂameﬁuijwqaamﬂu 3 &Iufa LBS (Lower Band) MBS (Mid-Band) uas UBS (Upper
Band) Tas#i MBS vlﬁ’l%ﬁ%m%'uﬁamiﬁlﬁﬁﬂé'aﬁhga §7% LBS uas UBS dnsuianshild
fndasosn uazluudazguas LBS MBS UBS Imisaassesit
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O LBS U3znaueig 12 TaIRy I Tadaz 5.5 MHz uaz 1 TaIF 1 mnivua 6
MHz uaz 1 Guard band 1416 4 MHz

o

MBS U3znauady 7 e8It Ta98z 6 MHz

o

UBS isznaudiy 12 tadsmuim adas 5.5 MHz uas 1 Tassuumniawe 6
MHz ez 1 Guard band ¥41@ 4 MHz

RUNELNAG

———

I o [ [ s . &
maamycywm’l,u LBS uaz UBS 18dac 5.5 MHz aaaaadiny system profile Ahd

183 WIMAX (99137971 3) 1689713 channel bandwidth 5.5 MHz

® LBS usz UBS fifhnanaiiialwu3nns Broadband Wireless Access &1% MBS fiilwung
IFuSnsdssanmiale

o L‘ﬁa\‘m’m N1AN"3 Multipoint Distribution Service (MDS) &% Instructional Television Fixed
Service (ITFS) 813N30U8N8MIU3N13 Broadband Wireless Access 'la 391 8nsiann
%a ?1n MDS 11 BRS (Broadband Radio Service) Waz ITFS 1w EBS (Educational
Broadband Service) ialiFasanndasniu service Nura3s

o Tloufhuvesdyano MDS Channel 1 (1NL@x 2.150-2.156 GHz anfi 2.496-2.502 GHz)
W&z MDS Channel 2 (3MnLfin 2.156-2.162 GHz anfi 2.618-2.624 GHz)

° IauﬁwﬂLLﬂauﬁ'ﬂmﬁmmﬁL@umguﬂawﬁ'ﬂmsmmﬁlmj (ggﬂ‘ﬁ 20) @288719LT% INLAY
License A T9lsznavlidan 4 Tasfynnms 6 MHz (A1, A2, A3, A4) ingudaulnaiiiu 3
FaIdny o 5.5 MHz waz 1 Toafy 6 MHz (A) lunidifiudawdnlasu midaass 1
ToIdRY Y1 6 MHz azangudaulnaiilu 1 esdyqio 5.5 MHz (Un LBS %3a UBS)
#MIUMILUTN3 Broadband Wireless Access %ia 1 TaISa1th 6 MHz Uk MBS

AMSUNMSIFUSNIMINIzanewidla

o mszelueyanalniiiiel#u3ns Broadband Wireless Access siu Tunstifl Operator
fasnsldinalulad TDD Gadaamstesdynmiss FCC aunsninassnnudlvi
Lower band w3a Upper band lunsd Operator dasmsldinalulafl FDD dedasnisses
FoIFwaHh (AR MEWSY Uplink Bnnitatesdtyy adnsl Downlink) FCC
Jaassnnuil¥nilitesdya man Lower band wazBnwilitosdyanmain Upper band

° Lﬂﬁsuuﬂmgmmumﬂﬁ license 91N site-based license 4111w geographic area license

[ a 1w . A @ =
o lWanudaszunigia license lumudanldinaluladauanumnanzas
o fmuaANMALTIVBITYYIMNLTIIMIaBINwAT R auana Al 47 dbpvim

(3

° ﬁmu@mmLmdwaam%aagmiwasiﬁ 2 104

u

Aa d a a ] a
823 gquimnTulagdidnnsetinduazneuiiinesuramna



c

2.500 2.690
GHz (31) 6 MHz Blocks GHz
A/B AB/ABABCDCD|CDCDE|FE|FEFEFGHGHGHG
112233 4/4/1](1/2/2(3|3 4 4/ 1(1(2|2/3(3/4/4/1[1 2|2 3|3 4
2.496
GHz
] M
D D
s A B c D AB/CDGFE[lS E F H G
1 2
"
/
] 5 4 6
] MHz MHz MHz
1 MHz (4) 16.5 MHz Blocks (7) 6 MHz Blocks (4) 16.5 MHz Blocks
(;5‘:: Consistingof (3) 5.5-MHz channels each Consisting of (3) 55-MHz chamnels each
2.495 LBS 2572 MBS 5614 uBs 2.690
GHz {Lower Band ) GHz (Middle Band ) GHz {Upper Band ) GHz
| | mrseBs | | mpsBRS ] Guard band

3UA 20 mavassTANAlUUDLARINY 2.495-2.690 GHz vavszinaanIgaluTN

wfnu/auﬂagﬁuumuﬂaun"a:ﬁnmﬂé’ﬂuuﬂmlﬁﬂ

2adtnilnasadntArgadnsg

mrﬁﬁnmn’nﬂ%’uﬂgamsé’fmmsmwﬁﬁ'm%'fu BWA Glmmﬂﬂﬁuﬁﬂq 3.4-3.6 GHz

luﬁaﬁaﬁl,ﬂuﬂitﬁﬁﬂm5ami'§'@aﬁmmﬁmeﬁu'imq 3.4-3.6 GHz #®IuUnan1s BWA

luadnasasfiandainilas Office of the Telecommunication Authority (OFTA)

L ' { o o o { a '
http://www.ofta.gov.hk smt,ﬂu%mmwwﬁmﬂug]Ltaﬁamiwaﬁm’mﬁmaamﬂﬂﬂiaawLﬂwaaam

o & Y o a da & a o K2 o
%GI@HW%;@’]%LL@’JE?JLLUUﬂ’]‘i‘-ﬂﬂa‘iiﬂ’]’lﬂm ﬂiy‘ﬂ’lLLﬂ:QﬂﬁiiﬂﬂLﬂﬂ’ﬂuﬂJﬂ’J’]ﬂJﬂa’lUﬂadﬂuaﬂ’]uﬂ’lw

o & 3. P v a dawe = o A o
luﬂizlmﬂvl,‘ﬂf_l&l’m muumﬂﬁﬂmﬁﬁummEmaaﬁﬁau%mmmuﬂs:ﬂaumswmim’m'ﬁwem

anudlnlszinang
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57N [~
Uszrnauttuan

ﬁi:i'ammLﬂumlumﬁﬂaﬁmmﬁLmUﬂﬁuﬁﬂq 3.4-3.6 GHz Imlagﬂﬁﬁaﬁ

° Lammwfé"u"’mq 3.4-3.6 GHz laiimsdaassiAnuianmsenifioy w3a FSS (Fixed
Satellite Services) walua1319 National Table of Frequency Allocations (@mi’m‘ﬁl 14)‘16’1’

fwuald Aanns FSS 1u Primary Aaldiunmiduatasdudyanmsuniu aUATI97 9

Aamsani wﬁIﬁu’%mﬂuunmﬁuﬁmﬁ fa APSTAR waz ThaicoM lagfimsldaanud

Tunsssdiayalufiania downlink #3a space-to-earth

131991 14 @139 National Table of Frequency Allocations §1#%IutaadnasasntaArdadng

ummuﬂ?\:%’?ﬂq 3.4-4.2 GHz

Frequency Band (GHz) Region 3 Hong Kong

3.400 — 3.500 Primary: Primary:

FIXED FIXED-SATELLITE (space-to-earth)
FIXED-SATELLITE (space-to-earth)
Secondary:

Amateur

Mobile

Radiolocation

3.500 — 3.700 Primary:

FIXED

FIXED-SATELLITE (space-to-earth)
MOBILE except aeronautical mobile

Secondary:

Radiolocation

3.700 — 4.200 Primary: Primary:
FIXED FIXED

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

MOBILE except aeronautical mobile

o OFTA ldifafiutaunumadpain1sliu3ms Broadband Wireless Access (BWA) iz
ﬁ%ﬂuammﬁﬂnﬁuazﬁﬁﬂﬂmwgamaqsﬁa 39la¥inn9iTa First Consultation luiata
Licensing Framework for Deployment of Broadband Wireless Access Iuﬁaa’s"uﬁ 20
FUAN 2004 19 14 Jurau 2005 Lﬁa%fuﬂam'mﬁ@Lﬁumﬂmﬂqmm%msu ;j“?'il,ﬁmﬁaa

LLazpjﬁa:VLﬁ%fuwaﬂszﬂumnmﬁ@msm’mﬁé'mﬁ"u BWA

Aa d a a ] a
843 gquimnTulagdidnnsetinduazneuiianesuramna



1u First Consultation ldimswiSelunaudszidufigany Mmadiatu 1) Ussdudums
SARIINNNAEINIU BWA 2) Usifinenunsurianuinuszninamnalulad TDD fiu FDD
3) UseLfiuaus 1w Block AARAMUATIAINEFUEMIUNITIATTT
Uszifiudumatasssnnuiignsy BWA lu First Consultation
O OFTA vl,ﬁﬁmiﬁwu@lﬁtmmﬁuimq 3.4-3.6 GHz iluunuadunuiswiy
BWA lwaaunasesiiiengasns lavaguuiuginaasingua aluladuazginsal
BWA ﬁﬂ"ﬁa’m’l,ul,muﬂﬁuemﬂqf:ﬁm’mw%aulﬁm:uwi%mU waztivoLumIsasss
anufifisanadaiiuununITaasIaNNavaIlnat uuiualng iy
r‘imummmﬁuﬁmﬁﬁm%ﬁ BWA LB%N%
0 iymuazadasrada HmslFuves Fixed Satellite Service (FSS) GarTw primary

2] gjlﬂ AUULRD 793 LL%’Ja@lIuﬂ’lﬁTﬂ gynnuneandusasuwinefe

° v a @ . ¥ ' o o ! .
1. muual# Nan17 BWA il primary LLaz I usiununu FSS (%\‘1!,1]% primary G’f‘m)
wiafiiTundn co-primary basis $31a18A21071 BWA AU FSS azupildunuaiuing
a o A e o ] P Ao oA a & a a v A
WWenw waldernuainneuwnaanisusilndazinsfaas (idnanfanislae) daedl
A e A da & ' o Ada T a A& &
mnasauuazBudui anfilwindeasazldldsunmunvamindegita Sauuwinisd
a a a v Y 1 AE(’L ] o v A
fnsonifisaiunesuans ladaaguin uwaneilbaansarila asenine
FaInINNUNNLAN A9unAaINT BWA ez FSS nigasdaiimslinuluiuniaenn
' a 4 % @ A a Y ‘A o o
atnenanaed lWle msldnuusuauanuiideins laslddnssuniwnuaunanvas
co-primary (“equal basis”) 3913w/ lai'lé
o v a &) . a & o & a
2. Mrualy fanns BWA il primary uazfianns FSS 1ilw secondary @9t Nans
BWA azldiumiduasasdusygrasunmuimseiianig Fss alildiunmsduases
myfmuegdunuignldsunansznuuazgyifonadszlomide fians Fss adalad
ana OFTA ldasznininfsudylduing FSS azgyiRonatszlomiudfianis Fss Ad
funueduingnaeagann fa unUAIWINY 3.6-4.2 GHz T9liA1uNT1909 600 MHz
v & . o o a [ 2 o o A A Py ¥
wazeaiilu primary §13U FSS Bndadedadmuunuadiuingnannwalumsldn

v ¥
@9%% OFTA 39 mﬂﬁufla LRaNUBINIIH
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O 130 OFTA |e8anumwIn19ngadNnaIINIT 196 N eunINagauwazAneIng

Nam:wuﬁmé’tyzy']miumuﬁu;ﬂ%@mm’sLﬁU;Jﬁﬁa%i@u’hﬁwam:ﬂumﬂﬁaSJ

A o a A a A6 P ' A 7Y

Weala ;ﬂmmm’gmﬂwlmmmamwqulutmmﬂﬂﬂiaawLﬂwaaamﬂm%ﬂmu

= 1 1 A
Wansznudlag 4 nduda
- . @ & A . ¥4,

1. @079 TTC&M 3192% 2 @09 I Tai Po 99nN1381329 lsNuAwL1nI3
19w BWA azlifinansenudanishtauwuas TTC&M uatnatinnns
Useiliszuouuazduasas TTC&M ﬁsl,%ag'lﬁu OFTA 33 leuTatanali 1n
auAaHA BWA Operator azandaadlnaildusnsluiun daslusilainlaly
JUNIUNY TTC&M

2. @NHNIANWARAINSU Fixed Service l1la@ Kwai Chung Wag Tai Po
amﬁmﬂﬁuauﬁwﬁwUmﬂ‘fmuﬂaﬁ‘nﬂﬂlmmmﬁu%ﬂq 3.6-4.2 GHz 33
Tidszauilgymdwaanmsunin

. U D

3. 32U SMATV 3192% 20 32UUNIZR1LNINWN IaaINg 33UU SMATV 1
NWEIMIU Satellite TV TINANIZNUVAI BWA Aa 39%3% 1 Tadlnineaiiain
FINNINNG 10 Taslninetazlasunansznuda aw1snTuTN e §Iutad
Insviadaug maniniusaldanuin@laslinsznudaqmniwuaanin OFTA
N ' - A a A = o ea . A A
AsanImsTasn gy lURatasnsInsnaindionaaun1sva e dwn
lalwagasnsuazlaldaanzidousassiamnugasnd J9TanTENUVD
qg’l,‘ffu'%msvllimﬂ

A = ' ' o o

4. 52uU TVRO S3.duszuvusnanaariuaiifsuasianuuad SMATV TVRO
duiinldsunmasniiulusugatsznaufianisues OFTA @anu OFTA 33
ﬁﬁaa&aaﬁﬁﬁuﬂuauﬁﬁwmmﬁ% TVRO lugasnd uazsnoniwas TVRO 1fu
IuMIaUTEmenIvNanas itdununInanslugadny NanIznuaIn
dyaasuniwizduludnsnzuunidsdny SMATY Samunsaagydldind
Naﬂi:ﬂmia;ﬂ’ﬁu%mﬂmnﬂ

@Twm@lwaﬁﬂmamﬁwm OFTA %ovlﬁﬁaa'gﬂﬁa AAFTIANNDIINIUNINNT BWA Nuay
ARWING 3.4-3.6 GHz lasinuali BWA 1ilu primary service uas FSS 1i1 Secondary

Service

=3 { o [ s
o ilsANAINNITNAIANNDNWIZRININALwlad TDD nu FDD 1 First Consultation
O OFTA @3N NTLANNRWINAIT IR UaLNe IuladnlTa1yu BWA 1w TDD #3a
FDD

Aa d a a ] a
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0

0

nnmudeiufsanufainlddasli oFTA ldasimuaiazannaluladnld
#1130 BWA ansazyinmsillaninel operator 1Ranlinaluladauanuinanzauluy
LEREIY

@9%4 Block 2840MNDNIAFITIANY Operator 2z lifnuaianzasiniunalulaila
(TDD %38 FDD)

® v 3 a a4 ° [ o Al .
® i/521AATINITWIN Block ﬂa%ﬂ')']&lﬂ‘nL‘Vi&I']3&“&1“51]1’]']5%@]&55@'3'\“5\1% First

Consultation

0

3.410

OFTA 'laRasaninuaauiania Block ﬂﬁuﬂawwﬁﬁmmmuluunmﬁlu‘iﬂq 3.4-3.6
GHz (mwn%mmmﬁuﬁﬂq 200 MHz) OFTA "Lé’lifummamnﬁaQaéﬁuWiMAx
Certification Profile §1%3ugunyni WiMAX %dﬁmiﬁwu@qﬂmtﬁ WiMAX filgaulu
meﬁ"u‘iﬂq 3.5 GHz 9=fiNua Channel Bandwidth 1315 3.5 MHz %38 5 MHz
Tuga95uusn OFTA léRansou Frequency Block i 35 MHz x 2 §1%3U 1 license
(li'létanza9iiu TDD w3e FDD) lae Frequency block 35 MHz 846311 Channel
Bandwidth 3.5 MHz was 5 MHz lifluagned udiilafiansaniisnnuniisuoy
ﬂﬁu"‘mﬂqﬁﬁaguﬁmﬂm 200 MHz (3.4-3.6 GHz) satiu39mu15ad Operator 71
Tusmsldgegaiiies 3 USETLri ligalaliiAamudedn
satiiatunsliiAansugsduiuanniu OFTA Saiaualwdl Frequency block 1ilu
15 MHz x 2 @ianits Operator G9usiaz Operator 7ile license luazaunsauvsldoulea
\Ju 3 §7aIFYYIUINIU 5 MHz Channel Bandwidth %38 4 graddqyimdmniy
3.5 MHz Channel Bandwidth ﬁafuﬁuﬁﬂﬁommsmﬁ@ Operator vlﬁgdg@ 6 Operator
%ammmm:@fﬂﬁﬁ@mnmﬁﬁﬁlﬁ

o { { Pz aV v .
ﬂ'mmaﬁmmﬁa:lﬂuvlﬂ@rmgﬂﬁ 18 FIRINNIDN A0 6 license

(GHz)

—3.585
3.600

—~ 11— 3.425
3.440
—3.455
3.470
—3.485
3.500
—3.510
3.525
—3.540
3.555
—3.570

15 MHz 156 MHz

31l 21 Channel Block y89m39as73A AT BWA
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4. fmatvaunsniia3azing WiMAX

Frequency Range | Channel Bandwidth RF Tx Power
Vendor Model BS/CPE | TDD/FDD PHY Ant.Gain (dB) Note
(GHz) (MHz) (dBm)
SRTelecom | ABS4000 BS TDD/FDD OFDM 3.3-3.8 1.75; 3.5 31 17.5
SDR Upgradable to
AirSpan HiperMAX BS TDD/FDD OFDM 3.4-3.6 1.75; 3.5; 5; 7; 10 32 18/13 (Down/Up)
OFDMA
SDR Upgradable to
MacroMAX | BS TDD/FDD OFDM 3.4-3.6 1.75;3.5; 5 37 5/5 (Down/Up)
OFDMA
SDR Upgradable to
MicroMAX BS TDD/FDD OFDM 3.4-3.6; 5.8 1.75; 3.5; 7; 10 27 5/5 (Down/Up)
OFDMA
PrimeMAX CPE TDD/HFDD | OFDM 3.4-3.6; 5.8 7; 10; 14; 20 23
SDR Upgradable to
EasyST CPE TDD/HFDD | OFDM 3.4-3.6; 5.8 1.75; 3.5; 7; 10 24
OFDMA
SDR Upgradable to
ProST CPE TDD/HFDD | OFDM 3.4-3.6; 5.8 1.75; 3.5; 7; 10 23
OFDMA
PacketMAX 2.300-2.360; 2-10 in 1 MHz step;
Aperto BS TDD OFDM 20, 28
BS 2.500-2.700 5.5
2-7 in 1 MHz step;
3.3-3.6; 3.6-3.8 20, 28
1.75; 3.5, 7; 14
5.425-5.725; 2-10 in 1 MHz step;
20, 28
5.725-5.925 20
PacketMAX 2.300-2.360; 2-10 in 1 MHz step;
CPE TDD OFDM 20 18
SS 2.500-2.700 5.5
2-7 in 1 MHz step;
3.3-3.6; 3.6-3.8 20 18
1.75; 3.5; 7,; 14
5.425-5.725; 2-10 in 1 MHz step; | 20 18




Frequency Range | Channel Bandwidth RF Tx Power
Vendor Model BS/CPE TDD/FDD PHY Ant.Gain (dB) Note
(GHz) (MHz) (dBm)
5.725-5.925 20
OFDM,
1.5; 2.3 WCS; 2.5 Upgradable to
Alvarion BreezeMAX | BS TDD/FDD Uplink 1.75; 3.5; 5; 7; 10 34
BRS 802.16e
OFDMA
3.3-38; 5
OFDM,
1.5; 2.3 WCS; 2.5
BreezeMAX | CPE TDD/FDD Uplink BRS 1.75; 3.5; 5; 7; 10 20, 24 9,12, 18
OFDMA
3.3-3.8; 5
RedMAX
Redline BS TDD/HFDD | OFDM 3.4-3.6 3.5,5,7,10 23
BS
RedMAX
CPE TDD/HFDD | OFDM 3.4-3.6 35,7 20
SU-I
RedMAX
CPE TDD/HFDD | OFDM 3.4-3.6 35,7 20

SU-O
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