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2. m‘%aﬁ‘nqﬂwmﬂﬂuﬁamim?{auﬁmmﬂ 32UV Digital Trunked Radio

3. Lﬂ%ﬂﬁﬂg@mmﬂuﬂizmﬂ Radio Frequency Identification: RFID
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Vit ﬂm:mgmiumimm:ﬁﬁ@ﬁﬂmmgmmamﬂﬁmjaam%ﬁwqmmm (Radio-
communication Equipment) "l@i”m‘%as’auﬁ'uﬂmzamgnimﬂwsmwwzﬁﬁ@ﬁﬁmmgwumdmﬂﬁﬂmaam‘%aa
Insaumandaianie (Telecommunication Terminal Equipment) uazlalddafoiduw/daianaiusaang
mmgmmamﬂﬁﬂﬁﬂmzmgmsumimww:ﬁa%’@ﬁﬂmmgmmamﬂﬁﬂmmm‘%"aﬂmﬂumﬂuﬂmmm

a

o J o dl v a dl Qs o J [ a s 1
A% U 5 Uszinn LWE]I%S’]{I&I']@]?E’]%‘Y]’]\‘]mﬂuﬂ‘Yle@]"i]G]‘Yl'nluLﬂHVLﬂGLMLLW)‘Y]’]\‘]L(ﬂﬂ’]ﬂ% LLﬂva&I
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¥

rfauni lagsnsanasgiunianaialsznaudas

1. enespwmaneiiadgmiuedesingasumeuildinalulad wireless Access
and Radio Local Area Network (RLAN) @sl#anaifiingsnu 2.4 GHz [uaz 5 GHz]

2. Hamaunanafiadmivaniguuazamiinmudygalufamaedoud
NWUN FZULLBAYAN (cellular) Galinalulad IMT-2000 CDMA Direct Spread (W-CDMA)

3. s'wmmg'mmamﬂﬁﬂz%m%’um’%laﬁﬂqﬂumﬂugmhmluﬁam‘smﬁauﬁmmn
FLULLTAREN (cellular) FalFmalulad IMT-2000 CDMA Direct Spread (W-CDMA)

4. Hanaspumanaiasniusomiyuazaminusygralufamuafoud
NWUN T2ULLTAREN (cellular) FalFinalulad IMT-2000 CDMA Multi-Carrier (cdma2000)

5. s'wmmgmmamﬂﬁﬂé’n%%um%"aﬁﬂqﬂwm@mgmhalsl,uﬁamima"auﬁmwﬂ

FUULAaN (cellular) GalFinalulal CDMA Multi-Carrier (cdma2000)

Lﬂﬂﬁ']iﬁLLﬂdLﬂuﬁadﬁ’lu I@Ud’)%LLiﬂL‘ﬂ% Technical Review quﬂsamqumﬂiuiaﬁ
f%'mﬁ"mﬂ'%'aﬁﬂqﬂumﬂwluﬁamsmﬁauﬁ'mam ITUULTAGAT N1A331% GSM Lﬂ%ﬁﬂqﬂwmmﬂu
ﬁﬁm’lima{auﬁmwﬂ 3¢UU Digital Trunked Radio LLazLﬂéaﬁVIqummJﬂ'iszm Radio Frequency
Identification: RFID a%’mﬁ"aaalﬂummg'mmamﬂﬁm%m%”uLﬂ‘%"aﬁﬂqﬂwmﬂuﬁamuﬂszmw
3’1U%aﬂlﬂdﬂm:amgﬂii&lﬂ’ﬁqu:ﬁ%ﬁ?@ﬁ’]&I’]GISE’]%‘YI’NLﬂﬂﬁﬂ“ﬂﬂdLﬂ%ﬂG%ﬂgﬂ&l%’]ﬂ&l

(Radiocommunication Equipment) ﬁiﬂﬂglumﬂwuﬁﬂ n.
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1. waluladid@msuiAsadinganmaniuiansiAdauiingun

FEUULLARAT HIATFIU GSM

GSM (Global System for Mobile communications) Lﬂummﬁs’mfﬁlkﬂﬁ’m%’uiﬂﬁﬁwﬁ

{ { - o £ L .
mﬁauﬁizummagm ﬁgﬂwwuﬂmuimﬂ ETSI (European Telecommunications Standard Institute) GSM
ldsunseniumniglsduazdszinanalan  uinsfidratyle GSM fa voice telephony  L&B39zgN

WvaluszuuaInanazadrwlululaseing GsM wadlauillu digital stream 14 circuit-switched mode

GSM snanIaliImITusidayald udgniriadaensld circuit-switched data channel
KU air interface Gﬁammmﬁﬁwﬁagavlﬁﬁ5@15’1@@@@ 14.4 kbit/s @T’mmqwaf: AMINAWINGTIN
GSM sni5ay 9 Lﬁalﬁsao%’uﬁum’mﬁaamié'mwmﬁ'udaﬁagaﬁgﬁu HSCSD (High-Speed Circuit-
Switched Data) \iunitslumauidymainaeianadasmsaimsn laamssaass time slot anTu
IWiunils subscriber wazdag3ae bit rate ﬁgend'} uangialiifeanasa bursty data application LT%
web browsing #anant® HSCSD filfinafinuas circuit switching %aﬁﬂﬁ’lmﬂuﬁﬁagﬂhmaapﬁ%ﬁ

(2

é'fadmsahf;lL3ummﬁmmﬁa;&aﬁl‘ﬁmﬂﬂ’hmiﬁﬂﬂLﬁuﬁummzﬂz VAINTTONGD  MNNINAUNK By
Y Aa L3 ndd‘d a a J 1 d'dl o o v J g; .:‘1’
Gl‘lﬂ?JSﬂ’]S(ﬂa\‘iﬂ’li’l151’1Nﬂi:m’lﬁNaMﬂﬂ‘l]uluﬂ’]SLL‘LlGﬂuﬂ’)’mﬂﬂ’ﬂ’mLLﬂﬂuﬁﬂﬁiU;ﬂ‘ﬁ&J’m’ﬂ% natt lu
. . . ¥ ] yas [ o A o a '
circuit-switched mode ;ﬁmwmmamm]:vlmunﬁa@aﬁ channel 1%%#s channel &#IUT9U0INTT
A ] A v v A a o i dlsll' 1o & o a . . = ¥
Jenda Simudnlfedwinglusnsuzianznoguiilisuiudwin data application @9ld packet

. . & & 1 <) o o {o, o
switched technique 9% fiad1 GPRS Hunitslumanamndaysenasgiu GSM

1 I¢UU GSM

1a39918 GSM Usznaudiuszuutas 2 S=UU baLA BSS (Base Station Subsystem) uas NSS
(Network Switching Subsystem) #1% GSM azdaslfiaasgniine (Mobile Station - MS) iNalTasany

Tavstelayld radio interface

1 HLR
EIR

PSTN, CSPDN,
PSPDN, ISDMN

BTS

¢ ' GMSC
= MSC
BsC l -
BTS
BSS: Base Station NSS: Network and
Subsystem Switching Subsystem
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1.1 Network Switching Subsystem (NSS)

NSS JUR@Tau&IWIU call control, service control W&z subscriber mobility management NSS
sznauaiy

® HLR (Home Location Register) 3 uiayadwiuiiuinmusziansdayazaigning
VT TaYaUINT TayadIuni Lmzﬂﬁagaﬂwﬂﬁam

® MSC (Mobile Switching Center) Ldugutina1suas NSS ¥winfidlu switching 84
Taseans swnadusulznadwiunmsdeudanulasstean

® VLR (Visitor Location Register) Lﬂugmﬁagaﬁm%’uLﬁuﬁaga%mﬂuﬁ'mﬁu anany
wazinashisznaufl MSC lIggmiuldvimadlduaniaiadng

® GMSC (Gateway Mobile Switching Center) fla MSC ﬁiﬁu‘%mimﬁamﬂu gateway

node #n3ulasdtnenBwan 1w ISDN %%aimmhﬂmomﬂﬁw]
1.2 Base Station Subsystem (BSS)

BSS JuRiazaulusiunisvnuiiieadesiuadiuing BSS  dwznaudin BTS  (Base
Transceiver Station) L8z BSC (Base Station Controller)

& Base Transceiver Station (BTS) AAN1INU radio interface NU MS  BTS sznaudns
1AT8IINLANUIAY (transceiver uaz antenna) Adudulunislivinsudazizalulassing

® Base Station Controller (BSC) vihwfiaiuquuazidudnzanlosminmonnszning
MSC uaz BTS BSC wa1u9 elazliiuimide MSC wikedn luamizil BSC wilsdaazaiugu BTS
WAL a2

Bss  wwinidugdnsaindenunuidaslndganugliuinslnsdwiiafeunsasasunain
Y A | o a ' o ¢ o @ & A, o a A A
daaTasgning ienniaiasgninolnsdwriazgnin ldlFnuluiundr g Aulduaziimaefeunang
8arz anananldlumageulossznilasiisusziaiasgninsisdaadunsldaduingainuigs
o & . a . o e A A2 a a a sd & Y]
AI%% 1TRIATIgNIBuAzTIE BlnIAwiaRaunislinTadnoBndszianuianunans ldun
L030218ENNATIN

%

2. AINWINITVDITLUY GSM

FINWINNTVDITEUU GSM 971 2G LT 3G T la RN sIuAI TN INIINATALYINIY LATITIN

vl‘ﬂﬁd sodaunIsu ﬂdIﬂix‘l“li’] HLATLINIAAE

Technical Evolution

>
Network Evolution >

|

>

Service Evolution
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® FINUINITWNARA: HUILDINITNAWITaIa Bl Tznaulatstsuasinaluladn
LRV

[

® FINUINIIWLATITL: FTawin1uasaIntsznavvailassainoidunal vt T
nsvnuaadlatstn s wlad bl

va o

®  Aawnmiduime anudesmizasdlinansmzniaunatiazeslasiiioaiunm
sa95u'le

-

Data Rate

b Mbps A

500 kbps T

50 kbps

T T -
2001 2003 2005 Time to market

Source: Siemens

® #1093 GSM  ¥1a331% GSM linalulad TDMA (Time Division Multiple Access)
Jaarnaliglisinns 8 omwnsanwlfnugunsal Transceiver 1Wo9 1 gald maiinglnyol

. = e A a o a \ @ d AL o
Transceiver T’Jﬂ 9 %%G?EGWZLVI’]TWULW?J’N’%]?&E]@'I{L%FIULﬂiﬁlx‘lﬂﬂ“ﬂ’]UIY]?@’IW‘YTL@]%E]WY]“H%E]FI 8 13933

ANATP% GSM Tumwamansnamwfivaian I@U;ﬂﬁﬂ%mimmimﬁumm {13150V
walulad GPRS w3aun9518813tTalwu5n13 HSCSD (High-Speed Circuit-Switched Data) nauaziia
1¥uSms GPRs  fild vt dlWuInsenafennizlanan GPRS  luginaluladl 3G wia UMTS
(Universal Mobile Telecommunications System) LLuy W-CDMA (Wideband CDMA) %dLﬂummgﬂu 3G
lanass wiarwdunivadinalulal EDGE (Enhanced Data rates for GSM Evolution) riauaziing
walulad 3G Ald

2.5G

®  walwlad HSCSD (High-Speed Circuit-Switched Data) fuinafialunisiusdays
daniiigauiaTetnolnidwiiiafeun GsM  ansmcdAyzesnaluladildud  madszandld
fosFomIMINMULY  TDMA  uwaiBandenenduingszniamilgiunuiaiasgning  iwali

I}ﬁfﬂ%ﬂ’]ﬂﬂ%@x‘] fgﬂﬂ"ll"l AL E‘T‘L{;%ﬂ'li%lﬂ da"ﬁa;&a WUU HSCSD &1NN30RR1ITO EY adsaaTIS lunng
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ad e o

Fudstayani@n 9.6 kbps auaNaIzH GSM Ml 1w 14.4 kbps  lunsdindasnsiuasdayadis
gauTganng glivinmafisananlizesfemsldnians Au 8 gaslunanfviin ildamnniud
Toyaldaindnriiafis 1152 kops  Tagtiuaetnolnidnrinfoun GsM ludszinadnag aanan

sassuinalulad HSCSD ¢ naft HSCSD faaaiiluuuy (circuit switched)at]

®  nalulad GPRS (General Packet Radio Service) GPRS Liludarmuaifiadnfign
WW%W%%LWE]ﬁﬂﬂﬁ?:EJﬂGﬂ%ﬁULﬂ%ﬂ‘li’]il GSM Lﬁami%'udaia;&avlﬁﬁwé’mﬁﬁagdq@ﬁa 171.2 kbps
nindndyaanalulad GPRS Aamwinmaluladnisfamsdoyauun packet switched MHAUNEL
AUMSHUILD circuit switched Uw@3aT18 GSM  inalulad GPRS faluimsanlumssniu

Y 1 a 6 o A
ﬂ’ﬁLT']é;({Jﬂ 3G TﬂdiZUUI‘ﬂiﬂW‘YlLﬂﬂﬂ%‘Yl

®  inalwlad EDGE (Enhance Data Rated for Global Evolution) EDGE ufidaliuas
msnawnmManafingnsuiesetiolnsdniindeundiszuy GsSM  luwuefi GPRS lfinafianisuagiaa
WUU GMSK (Gaussian Minimum-Shift Keying) EDGE ﬁ]:l"ﬁlﬁ/lﬂﬁﬂﬂﬁwa@mmmul%&iﬁﬂﬂi’] 8PSK
(Eighth Phase Shift Keying) s’fidﬁﬂﬁmiﬁamﬁayaﬁé’@ﬁL%QVL@TL%amn%uﬁd 384 kbps NINRNHE
284 EDGE uaz GPRS 111§ E-GPRS (Enhances GPRS) %dﬁﬂﬁmﬂﬁmuﬂﬁuﬁﬂqﬁﬂx%w%wamn
&
I

3G

& N101337% UMTS (Universal Mobile Telecommunications System) \Juszuunanuad
32UU 3G ‘ﬁﬁ’@um%ﬂ@m ETSI uaz 3GPP (3rd Generation Partnership Project) UMTS aﬁ”ﬂa“ﬁuuu
waluladl GSM uaz GPRS L‘ﬁmﬂummgmms%"ams"b’mﬂmuqﬂﬂaﬁm%'u multimedia application
ezt fludai3s convergence Tewinalnsauwaw naluladssawng fo (media) LLaz;ﬁﬁu%nﬂsLﬁa%W
(content industries) Lﬁamﬂﬁﬁmigmmﬂmi UMTS munsaldvimianuiilunsivssdayaldgs
19 2Mbps

3. 1U3N15289LA38218 GSM/GPRS

B89 ETSI laaanuwuudainuauinsvesnIatng GSM/GPRS lasinualdaniswy
ranataliliaanumuninde g saniduszez g aed

®  szazii 1 (Phase 1): swuauulannuamannluduaisallid

o @ ' v A s o = A =~ o
u miiuawagmmmi“uaaQ’Lmsmsmﬂqwuﬂﬂmammvma WIDINHW I b 819
a =~
AnINBNniLg
va A v A 1 [ 6 dl' d'
= lF3aausinisnlunisfearsdeyanisluiaiadrolnidndiiadaud
GSM/GPRS mudarimualislanasnnaigin TCP/IP uas X.25
u ﬁmﬁzya’wadL‘ﬁaLmﬂmmLL@mmﬁwdﬁaLﬂ%anmjw GPRS  udaziu WiND
dUszlowitluwnsltusmMIsussT GHE
u fimssfdanesfudmmivdistoysdyyindniadeg wenwilaly an

aanasfiuuuy A5 NillEnuln@lueiatng GSM smiunsdhiiadyy usina
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. sassunsfadnlFuINIEInTY ;ﬁ”}’j’u‘%mnlﬁiam’m 1 ﬂi’@]ﬁnnﬂ%mmia%mﬁﬁ

N33U& (Volume-Orient-Charging)

GSM Phase 1 Service

®  szueii 2 (Phase 2): dmaimdudannusmuninlnd g WnuiaSedns GSMIGPRS

- o 1w = ¥ a = !
. PANNNTIIURITVBYRUUNTZINY ‘ﬂﬂﬂ@l@]ﬂu\‘]‘lﬂ%ﬂl}ﬁﬁﬂiﬂ’ﬁiﬂU%%dvtﬂig‘lﬁﬂ'lf_l‘] 9
ﬂ%ﬂﬁﬁfﬂ%ﬂ’ﬁﬂﬂ’]&li'\ﬂ

o o A ° o A = v 4w
n suvayugduuumilfnuiiasdmivuinimdsgnd Salsluuunsiudstaya
3: a A R ;J A =t v <
nirfaganisluinenis uazganionizaeldnain g 9a wenwitaldainmisldnulasnalduas
ALFUINT 1T% MINEBTIMBUITeT Hudu

a a Vo A a v . @ =
u LW&Iﬂ’J’]&JmNﬁﬂiuﬂ’ﬁL"IjauﬁlaﬂuLﬂia"ﬂ’lﬂ ISDN L‘WElﬂ’]ﬁum‘llﬂ}dﬂLLU‘]JLLWﬂmﬁl

GSM Phase 2 Service

T
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Service Category Service Comments

Bearer Services Synchronous Packet Data Access = 2400 — 9600bps
Supplementary Services CLI (Calling Line Identification)

Call Waiting

Call Hold

Multiparty

USSD (Unstructured

Supplementary Service Data)

Operator Barring

; - v A , o
®  3zozh 2+ (Phase 2+) : 2z 2+ TRUINNT bearer services N63u lugilvasnis
Wndananuilunisiessteyaiu 144 kbps, HSCSD uaz GPRS 71uM3il Supplementary

. X o
Services UNNVUAIL

4. A3 IMBILA302Y 2G Tihiln 36

FrANINIANMANTERINIUTENA (International Telecommunication Union - ITU) lafnua
anudasmsimuiesetnalnsdwiiinfeniigan 3 Tidoanasgs IMT-2000 wibissm 3GPP (3"
Generation ~ Partnership  Project) Ie5uennnudosmaiminduinmsde lasnsimuaszuy
Tnsdwriiadaufifisonndoiiuunasgu IMT-2000 lagszuudandnfdoszun UMTS Biuas Tiauwima

Y ITTULUNAANNNTNIDEN9ADLI0I92I5UNTN ‘release’ luudaz ‘release’ mzﬁﬂm,ﬁw;:ﬂl,l,uun'ﬁﬁwmu

Tnaj

vait  36PP \{udeanasnnutiniedeiansduludantunnn 1008 lasiuenutiwie
321319 ETSI (European Telecommunications Standards Institute - Europe), ARIB/TTC (Association of
Radio Industries and Business/ Telecommunication Technology Committee - Japan), CCSA (China),
ATIS (Alliance for Telecommunicaitons Industry Solutions — North America) W8z TTA
(Telecommunication Technology Association — South Korea) waudingnisaiiiwn1sues 3GPP danns
%’@ﬁﬁaﬁmumaaizuﬂmé’wﬁmﬁauﬁqﬂﬁ 3 (36) maluvavdnguailassns IMT-2000 va9 ITU

(2
A v A

gﬂLmumi‘ﬁ’mumadauimwiaz ‘release’ a9t

[
= o

® Release’ 98: L&z Release naunind MuuatarinruavadnIaaing GSM ﬁaunﬁgmqﬂ

=b.
w

® Release’ 99: fwuaaSat1s UMTS 3G 1w release usn @93iufis CDMA air
interface ﬁaaﬂwwaagmmun’rsﬁwm laun
- Bearer services
u 64 kbps circuit switched
m 384 kbps packet switched
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u Location services

u Call services: GSM-compatible, USIM-based

a P o £ 4
® Release’ 4: L@uliu Release 2000 LWQJE‘]_]LL‘]J‘]Jﬂ’ﬁWN’]%&J’m‘Uu SINTJ&IﬁG A11 IP

Core Network é'hasmmadgﬂuuumiﬁmu leun

m EDGE radio

m Multimedia messaging

. MeXe levels

u Improved location services

® Release’ 5: WY IMS Waz HSDPA @Taazhwaagﬂl,l,uumsﬁﬁmu leun

u IP Multimedia Subsystem (IMS)

- IPv6, IP transport in UTRAN (UMTS Terrestrial Radio Access Network)

m Improvements in GERAN (GSM/EDGE Radio Access Network), MeXe, etc.
m HSDPA (High-Speed Downlink Packet Access)

@ Release’ 6: JIUMININUVEI WLAN Uazlny HSDPA é’aamwaagmmumsﬁwm
laun
m WLAN integration

u Multimedia broadcast and multicast
u Improvements in IMS
u HSUPA

. { @ : Y A Y
& Release’ 7: Uag release faliiad maﬂmw:mﬂ VBINMINAIUT  DIISWRAIUINIT
U

o 1 o 1 9«:{:&/
Y]WG’]%E'J%Jﬂ‘]JIﬂiG‘II']&W]'Nﬁ’] UVL@@]“U‘H

1 v 1 1 v l& [
luudas  release  U3sznaudilangTnIAITIMLas g WINNINITBLNINIU FIRIUMIIUT LY
ﬂ%’uﬂgmmm%’a 9% S2UUVB9 3GPP gnﬁﬂﬂlﬁmﬂuﬂs:mﬂﬁﬁwm‘%aﬂhm:uu GSM %I RN

lazwang nimuhluldnuluiagiudeszuy Release’ 99
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2. maluladidmsuipiadinganmaniuiansiadauiniaun

7¢UU Digital Trunked Radio

1. IngdaaLARDWNLANIZNEN (Trunk Mobile Radio)

3ﬂq§aaﬁiLﬂ§auﬁLaww:n§ju (Trunk Mobile Radio) %%aemqﬁamﬁ:uu"n%hﬁ uszuuing
zomslufansidaniinisun ‘L"Eﬁm%’umsamaﬁamsmmlun@uﬂ%aﬂmm’mﬁam@iaﬁlamﬂﬂums
wwenga lasanadumislnstanwdunoyaaa %%aﬂumﬂwﬂﬁa?m@iaﬁyhnﬁju ARBAIURINTDINT
edornalnsanriviall Munssansossdaanuianuldde s:uu”iﬂqﬁamﬂszmwﬁmm:ﬁm%’u
mjuqaﬁaﬁ'ﬁmsmﬁauﬁ"lﬂmmamnm uazllanusndudesfadadseaununs éhati’mmaanﬁju
wihsrmiiingfemsszuundtlulsusslomllumsd fiaen léud

® ﬁamslﬁmﬁ’umﬂﬁu’%msmms%ﬂimLLazmms%ﬂms W MIWE msdseth uas
USENTNT%

®  fanmifisaiunsaussngg i USEnaudeiud mwihde mesn uaznnavin
INALY

®  Ranaifisatuuimsiug 1w USEnUseiusy Usiuiie wasuisninmenwlaeasiy

@ At AINIEma WITAT NULTINIINTIIE WA UNENE Uz

U%ﬂ']iﬁ’]ﬁ?il%:f!ﬂﬂ 87 @ﬁﬂﬁﬁim&ﬂizIﬁl“ﬁﬁ:

luilagtin IngFeavszuunisad ldlinsnawainszuuueuzien (Analog) lihiluszuy @

I . ¥
s (Digital) TevhlAlianadnaedsznsash

A A @ A a &
UsRninavasmsitanuiifiuannin

. ¥
MU UUIANULET ITNIWIN Y
A a A A ' P < | v a @
JUSmaEsuALAReng 9NszuLLanzRan (Analog) ldaunsaliusmsla

a @ a a @ a
AN Nﬂ'ﬁl‘ﬁ\ﬂu‘ﬂ INIIRDRIINILR YIRS ﬂﬂﬂiﬂuizUU La1E

SRR OO

ﬁmmﬂaaﬂﬁwm‘ﬁagaﬂnmsga

IngremTzuunTIdaliamfiudidneniaamfinans dmshnlunsdadesdynin wazdun
a ' o A o o Af) oo an o % &N val o
midadaszniegdls  Walinmawamunaluladliiduszuu@inaudy  Alddnsvamanumaninuas
v AI &/ [ { 1 a 1 Q T Y 1
seuuldnanwau Bl "meuﬂummmmmﬁgnmﬂmmmm@anmaﬂé’[@zlvl,mlaomums
muquLLa:ﬁT@lmﬂmamﬁmj“ﬂw RIDUTLANIILNNAMNEINTD MWNNTTU-FINIWLARAW bR L Ntk
waluladimann ladnsnawnuanasnwldlunmanatie wdgsnsdiihnunsvasmawaw Nl ln

WWINNILAEINY
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2. nsnawInainalwladvasingdeansszuunsed

o

luﬂa'gﬁ’uvlﬁﬁﬂwiﬁwuﬂLﬂﬂIuIaﬁ“uaﬁﬂqﬁamﬁ:uuﬁ’oﬁuuuaﬁ aLnAITULIRANY
V933U mmgﬂu‘ﬁ'ﬂummgﬁmﬂ@ (open standard) ﬁéwﬁmflﬁuﬁ

& wmaluladl TETRA (Terrestrial Trunked Radio System) lag ETSI (European
Telecommunications Standards Institute)

® waluladl APCO P25 las Association of Public Safety Communications Officers-
International (APCO)

21 Terrestrial Trunked Radio System (TETRA)

211  anHWLNINAKA

TETRA L‘ﬂmzuﬁ‘nq?&lamsmﬁauﬁmaum:uua%ﬁaéaLam'%ymh Trans European Trunked
Radio %103371% TETRA Lﬂummgmém%mzuu%qﬁamimﬁauﬁmuqﬂﬂa (Private Mobile Radio -
PMR) I@mL‘ﬂumﬁauﬁmaumaa{]ﬁmﬂﬂqiiﬂﬁm%'ummﬁaamiﬁLﬁwgﬁmjaa%ﬂizﬂaumi PMR a3
samInuaNusLAUaImMIltieIiess wazaNuFaINsRNInEnUANuS lumsaemsuas
uimstuastaya Fsmswam s naluladiuduaiiounsoangmiusaumsaiasnann Tagvnli
gasalfaunaunnudldadefilssaning

Lﬁaa%wmwﬁ"uﬁlﬂﬁﬁmm@ﬁﬁg°Wm'nwmmw (open multivendor market) TETRA 3

wa v a 6 o o o &
QN@NU@@WHE%LWG?LWﬁ‘ﬂﬁ’]ﬂﬁy@du

1) Air Interface 7897UNNIVINUIINAG (interoperability) °11aaqﬂmtﬁﬂmﬂmammjﬂﬁmﬁﬂ
@49

2) Terminal Equipment Interface (TEI) éﬁmﬂmmﬁzmﬂlﬁ'ﬁugﬁwm mobile data
application L§iazIg

3) Inter — System Interface (ISI) fnsumadendavaslaseing TETRA mn@”wamw
@149

4) Direct Mode Operation (DMO) ﬂszﬁunws%amsswdwqﬂﬂmiﬂmm/m saunsluy e

agjiuaﬂﬁuﬁmam@waﬂmﬁh A
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g}"wﬁmzuu %mmmgﬂﬁmu ;ﬂﬁu’%mﬂmww %mmmﬁﬁﬁ’ugua RUILNATAY WA
whswiawzanisldnunolngnmee  ldsonaluiuiineadileses  TETRA  (TETRA
Memorandum of Understanding - MoU) GﬁdLflumwwmmu‘jwﬁ'ﬂummﬁum‘l‘)ul,l,azﬁial,a‘%wmﬂ"ﬁ
wsruy TETRA lasSausswinaunludsainasandn ieldifiaasmandaniis (open market) TETRA

MoU diasmiliiiaanuaaninlumvhauiuiuluszdugegarasadninhanguianediag

N /

L e

DIRECT MODE ,
BETWEEN RADIOS i 7

| ' i | ’ GATEWAY TO SYSTEM

|

TETRA Lﬂm:uua%ﬁaLﬁwﬁaﬁﬁqmmwmau%mﬁa WAzl bit error rate NFEIRIUNNIFEFNS

Taya TETRA 5095115 MINMIROE13@28 voice, circuit switched data & packet switched data lagd
5@]3’]ﬂ’]3d0°fl/a%lﬂLL@:i:ﬁUﬂﬁiﬁadﬁuﬂﬁﬂwﬁ@Wﬂﬂﬂﬁﬂaﬁﬂ%aﬁﬂ TETRA ¥nauluguanufl VHF uaz
UHF w29 150 MHz ©19 900 MHz laslfinalulad TDMA (Time Division Multiple Access) wazltnns
VaQLaALUY phase shift keying (Pi/4 DQPSK) ﬁdf: ﬁadﬁtyty’]m (channel) maarﬂ’l‘f 4 Fa39zldnn
carrier fifltranTonauaud 25 KHz sawufn Gevnlinisldnuadnenuddussanius

A lunsdsdaya (kbps) va9 TETRA fnauunlifinmsileatiu (unprotect) wuudnsilasin
IZAUANAIIN (standard) uazuuuiinstlasiuizdugs (high protection) AwTIlunastiayauuylal
Inmstlesnulewn 7.2, 14.4, 21.6 uaz 28.8 kbps mmL%’ﬂumimﬁa;&aLLuuﬁmsi’Jaaﬁmzﬁummgm
dun 4.8, 9.6, 14.4 uaz 19.2 kbps LLa:mmSﬂ,ummﬁaHauuuﬁmiﬂadﬁmzﬁuga léun 2.4, 4.8,
7.2 ua¥ 9.6 kbps

SeUMSIRITaIRIRIWTUAILG 0.6W, 1W, 1.6W, 2.5W, 4W, 6.3W, 10W, 15W, 25W auila
40W ai’aum‘%'aagmhUﬁﬁwﬁadﬁau@i 1W, 3W, 10W Laz 30W T@ULﬂ%ﬁﬂqizuu TETRA 8317013
fnassdldlondaluifauanuunnawafidasns  snfigiuses TETRA TFuanufiuuy full duplex

\ & | @ A A =V v
ﬁ'gul,ﬂsaﬂgﬂm']Ua’]"ﬂlqjdquﬂ'}’]&lﬂLLUU duplex n3a half duplex ﬂvL@

21.2 &l’l(ﬂiﬁ’]%TETRA
- o, o
TETRA L‘flummgﬁmﬂﬂ (open standard) niavnaulas European Telecommunications
Standards Institute (ETSI) ﬁ'ﬂqﬂizmﬁmaammgﬁu TETRA ﬁamiﬁﬂ%u@ﬁﬁﬁqu (series) waINT
a 6 a A o a a A A ° “ o a A
dnasWg  UIMI  uazdidwisanuRzaIn  (facilities) Immwanammwmwammugwa@ma:
ﬁ'@umwamﬁmsﬁﬁ'ﬂmmhalLLazLﬂ%ﬂdgmhﬂ“?immmﬁnmm”mﬁuwamﬁmﬁmaa;iwﬁmmﬁu ARDAD

FAAARDINNAINGDINTVINIIBNUNGUKLT Private Mobile Radio (PMR) ULULLAN
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gﬂLLuumiﬁamﬂmzuu TETRA azilsznavlddny
& t:i‘ L= A Q = Qs 1 v té £2 [

® VOICE PLUS DATA \Huszuufiaiuauwnszam sy ouasIuazU-satays sadadin
ANIAAADHIBIDLNUIELYIN A

® DIRECT MODE %‘%amiaﬂ@iaﬁamﬁz%iwgﬂﬂhUIQU@N larwmIaansanrtng
o A a o A ' A A9 o a A ' A o A o
AANINAN fﬁﬂ@ﬂﬂﬂmﬂmmaguaﬂwuﬂ%mmwaqammmmﬂ PIDTMNRUALNDGAINITANY
ﬂaa@ﬁ'ﬂmzé’ugq

a

Iq’ o J { o W v a ¥
7aua331U TETRA Naavihaiulas ETSI Adayuaziimildnuludagiu daai

©  TETRA Voice Plus Data

ETSI EN 300 392: Voice plus Data (V+D);
Part 1: General network design
Part 2: Air Interface
Part 3: Inner-working at the Inter — System Interface
Part 4. Gateways basic operation
Part 5: Peripheral equipment interface
Part 6: Line connected stations
Part 7: Security
Part 8: Network management services
Part 9: Performance objectives
Part 10: Supplementary services stage 1
Part 11: Supplementary services stage 2
Part 12: Supplementary services stage 3
Part 13: SDL model for air interface
Part 14: PICS Profoma
Part 15: Intel-working - extended operations

Part 16: Gateways for supplementary services

® TETRA Direct Mode Operation
ETSI EN 300 396: Technical requirements for Direct Mode Operation (DMO);

Part 1: General network design
Part 2: Radio aspects
Part 3: Mobile Station to Mobile Station (MS-MS) Air Interface (Al)
Protocol
Part 4: Type 1 repeater air interface
Part 5: Gateway air interface
Part 6: Security
Part 7: Type 2 repeater air interface
Part 8: Protocol Implementation Conformance Statement (PICS) proforma

specification
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Part 9: Service and Description Language (SDL) model
Part 10: Managed Direct Mode Operation (M - DMO)

® Conformance Testing Specification
ETSI EN 300 394: Conformance testing specification;
Part 1: Radio

® Harmonized EN
u ETSI EN 303 035-1: Harmonized EN for TETRA equipment covering essential
requirements under article 3.2 of the R&TTE Directive;Part 1: Voice plus Data (V+D)
u ETSI EN 303 035-2: Harmonized EN for TETRA equipment covering essential
requirements under article 3.2 of the R&TTE Directive;Part 2: Direct Mode Operation (DMO)

2.2 APCO Project 25

221  ANBMENNAKA

Associated Public Safety Communication Officials (APCO) Project 25 %%aﬁﬁslﬂﬁ'u’i’l APCO
P25 Lﬂummg’]maﬁﬂqﬁamﬂuﬁmmimﬁauﬁmaumzuun%ﬁﬁuuuaﬁﬁa (digital trunked land
mobile radio) Fai3ulHlurlszinaanizawim TanFuldnwRensquannuyaeadivasisae Jegiu
fnsldamlassdnounasgm Project 25 And1 660 lasvinglu 54 dszmernlon dmiuquaniu
Ussanuamsmsuazldnuluniieauaassy

a

TanUsraIdinanu8InaIIY Project 25 fflannuiiinuldtaunay (backward compatibility)

A

. o o & . ' ' .
08T FM SzUULaunzaan Project 25 a@mmuﬂ@Ummmuﬁas:mwaaﬁmilﬁmmmmae]

[

)

S
-

u The United States Association of Public Safety Communications Officials
International (APCO)
u The National Association of State Telecommunications Directors (NASTD)
. Selected United States Federal Agencies and the United States National
Communications System (NCS)
u The Telecommunications Industry Association (TIA)
Project 25 Juanasgnuwdaituiauany TETRA ﬁwmﬂfumummﬁaamwaagﬂ%%oﬁmu@
amﬂ@lﬂﬂsswﬂaoszuums%’bmmnuﬁ%ﬁmﬁaauamamﬁam']N@Taomsﬁmmwﬂaa@ﬁ'zjmﬁ'lim::
Lmzmammm’mﬁzan’mi”gl,LaznmLaﬂﬂﬁu ¥1A330% Project 25 mnuamduinasilg nsvinau uas

AFNURINIINVBIISTD
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Project 25 System Interfaces

The CAl is one of 6 standardized interfaces
for Phase | of Project 25.

Subscriber
Units

Gateway Host Data
H Interface
\ PSTN

Interconnect
(PSTN)
D % Consoles

Common Air.
Network
Repeaters Management

Interface CAI
Other Network

Inter-System Systems Manager
Interface

Data Interface Host ﬁ

Project 25 138N air interface V846218931 Common Air Interface ®38 CAI é’tytyflm CAIl 38930
ﬂ’]iéaa’lﬂu voice mode, circuit switched mode LRz packet data mode S:UU Project 25 a4
channel bandwidth 2 1110 @i 12.5 kHz uaz 6.25 kHz laslimIuegiaauuy CQPSK uaz C4FM
mudey  eliiAaenusilunsteminileanine  §oefiudasduddniaudald 4400 bps
improved multiband excitation (IMBE) voice coder %GL‘ﬂu voice coder ﬂizmmamﬁbmf\‘l’]ﬂuizuu
INMARSAT I%ﬁm%‘umiéamimuﬁw

2
=

ANHIUZNIRORIIVITZUL Project 25 mmma@ﬂvlﬁﬁau

Radio Channel Bandwidth: ~ 12.5 kHz §1%JU phase |, 6.25 kHz §1%3U phase II

Radio Channel Bit Rate: 9.6 bps

Modulation: QPSK —c family of modulation, w819 C4FM & CQPSK

Channel Access: FDMA

Frame Formats: ﬁ'mumﬁmauﬁmlummgmém%’u voice, data LL§g
control

Voice Encoder: IMBE (Improved Multi Band Excitation) %aswauﬁm
Mnuaagluunasgu

lhmanendnues CAl fAaiialfiaTasingFessniianasgiu CAl sansnnudmnuld laid
wumIResIINLFS ﬁaga W& trunking control message hi113EAILNNIENIHRALRIBNTEIBENS
TALI
i . o A " = Aa : A a X
Project 25 trunking pnasnuuulifiszunflwgnirszuvueuzianlunaisdid bit rate NiRNTL
° o [ ' [ & . { X
284 control channel YilWananInsasiugnineldnniuuazil address field flngdn lapd address

A & =
field Nlnauis 4 fields
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- Subscriber Unit ID du41a 24 bits ém%’ugmhﬂﬂszmm 16 é’mgn’*ﬂmlm:uﬂm

= Talk Group ID J211@ 16 bits ﬁw%’un&jm&”ﬁuﬂmﬂszmm 65,000 najﬂmzuﬂm
a o o o A
u Wide Area Comunications Network ID J9#%1@ 20 bits 813U network ID 1 8% ID 03

a k3 ¥ et { v o . o et :A
lagUn@uda ID #azgnaauniy System ID el ld 32 bit identity fwIuszuunilag

. System ID $vw1@ 12 bits §®IUTzUUUIENNM 4000 T2UL  MITULNTIA System ID
alddniuszydonnuudazdannuiadsiiuenmeali Network Access Code field 691kl co-channel

interference aMnIzuUTABIIzNULaT

. d X A, o ' o o [ a
Address field filngjauivinldgndnsmanialdauthauae (oam) ldansdaszluszuy wie
wiidluszuudu luwuendod identity \@nag inaligninswaiuaanIniumatenduszinieanld

laglaifimstadanizuassy o

a { A . A . . 3 a .
ANMURINNTNENITBIR IR Project 25 @aN13 migration 3NNNAIFIULAUZRANLAN (Project 16)
Wiu  Project 25 vihlkusmssunsadiinlaatnsdaiiiasluyasnananusnnsanszuuuausian

a

Wu@Ing

T

APCO-16 APCO-16 control channel APCO-25 control &
analog channels APCO-25 digital working channels working channels

lagn@ Migration U89520UR 2 o0z ISUGUINNITZUULEUSREN Project 16 WILIZHLUIN
A ° . v & aa o A v a aa v ' A o &
A8N13IN1 working channel I duaana LWaI%Uiﬂ’l‘iﬂﬁ]‘b’la@lagﬂm’]ﬂummz‘n control channel 89a3t11
LauSRANANAWGN  JeuzN&adIfani3vin control channel IWiiluaanawNe Iz UUNISZUURDAANDINU
. % . . ¥ & e . . { i
U1A331U Project 25 991z migration YBITTULHILIWOLNUIINIZNT migration VaILATBIANINY

aa o A aa o

PNUINTUERANLDUAING magﬂwé’ﬂé’ﬂ@ﬂ@numwﬁaamsﬁmiﬁLﬂumm

222 31013371 APCO Project 25

a '

Project 25 \uinagudandszmsumlmansndiisld iwelddnfaudazomanionia
LAT89ANYROMININNIATIIU Project 25 Nivhamdnule inaluladusznfadimsionn Porject 25 4
lildgdanisldnuanzifisanenisguannulseadsamsmeiriinu udlasunsidenldldnm

FMILNIUNLIIBIN Y NINIATFURZMALENTUNA AN

ANBUENIITUNINARASIWILIZUY Project 25 Qnﬁmuﬂvlﬂummmgm% TIA-102 &9
Favinaulag Telecommunications Industry Association (TIA) %aL‘flummmgmlﬁmﬁl%mmm:ﬁmu@
fmiuszuy uazldsunsseniulunng ANl FuszuLaNI@Iw Project 25 TANIATZIH TIA-
102 figaensdalud nodl TarruaaIansmNnataduiIng (radio characteristic) 3zfiwuaag

11 TIA TIA-102.CAAB-B
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TIA TIA/EIA-102.AAAA- A

TIA TIA/EIA- 102.AAAC

TIA TIA/EIA- 102.AAAD

TIA TIA/EIA- 102.AACA

TIA TIA/EIA- 102.BABB

TIA TIA/EIA- 102.BADA

TIA TIA/EIA- 102.BAEC

TIA TIA-102.AAAB- A

TIA TIA-102.AABA- A

TIA TIA-102.AABB- A

TIA TIA-102.AABC- B

TIA TIA-102.AABF- A

TIA TIA-102.AACA- 1

TIA TIA-102.AACA- 2

TIA TIA- 102.AACB

TIA TIA- 102.AACD

TIA TIA- 102.AACE

TIA TIA-102.BAAA- A

TIA TIA-102.BAAB- B

TIA TIA-102.BAAC- A

TIA TIA- 102.BAAD

TIA TIA- 102.BABA

TIA TIA-102.BAEA- A

TIA TIA-102.BAEE- A

TIA TIA-102.CAAA- B

TIA TIA-102.CAAB- B

Project 25 DES Encryption Protocol
Conformance Test for the Project 25 DES Encryption Protocol
Block Encryption Protocol

Project 25 Digital Radio Over-The-Air Reketing (OTAR) Protocol- Upgrade of
TIA/EIA/TSB-102.AACA

Project 25 Vocoder Mean Opinion Score Conformance Test
Telephone Interconnect Requirements and Definitions (Voice Service)

Project 25 Circuit Data Specification New Technology Standards Project

Digital Radio Technical Standards
Project 25 Digital Land Mobile Radio Security Services Overview

Project 25 Trunking Overview New Technology Standards Project Digital

Radio Technical Standards

Project 25 Trunking Control Channel Formats New Technology Standards

Projects Digital Radio Technical Standards

Project 25 Trunking Control Channel Messages - New Technology Standards

Project - Digital Radio Technical Standards

PROJECT 25 LINK CONTROL WORD FORMATS AND MESSAGES NEW

TECHNOLOGY STANDARDS PROJECT - DIGITAL RADIO TECHNICAL
STANDARDS
Project 25 over-the-Rekeying (OTAR) Protocol Addendum 1 - Key

Management Security Requirements for Type 3 Block Encryption Algorithms-
Addendum No. 1 to TIA/EIA-102.AACA

Project 25 Digital Radio Over-The-Air Reketing (OTAR) Protocol Addendum 2
- Data Link Independent OTAR-Addendum 2

Project 25 - Over-the-Air Rekeying (OTAR) Opertional Description

Project 25 Digital Land Mobile Radio Key Fill Device (KFD) Interface Protocol
Project 25 Digital Land Mobile Radio Link Layer Authentication

Project 25 FDMA Common Air Interface

Project 25 - Common Air Interface Conformance Test

Project 25 Common Air Interface Reserved Values-Supersedes TIA/EIA-
102.BAAC-1:2001

Project 25 Common Air Interface Description for Conventional Channels
Project 25 Vocoder Description

Project 25 Data Overview New Technology Standards Project Digital Radio

Technical Standards

Project 25 Radio Management Protocols New Technology Standards Project

Digital Radio Technical Standards
Digital CAFM/CQPSK Transceiver Measurement Methods

Project 25 Land Mobile Radio Transceiver Recommendations, Project
25 - Digital Radio Technology, C4AFM/CQPSK Modulation
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TIA TIA- 102.CABB Project 25 Interoperability Test Procedures Over-the-Air Rekeying (OTAR)

TIA TSB102.AABD Project 25 Trucking Procedures New Technology Standards Project Digital

Radio Technical Standards

TIA TSB102.AABG APCO Project 25 Conventional Control Messages New Technology Standards
Project Digital Radio Technical Standards

TIA TSB102.BABD APCO Project 25 Vocoder Selection Process

TIA TSB- 102.BACA Inter-RF Subsystem Interface Messages Definition - New Technology
Standards Project - Digital Radio Technical Standards

TIA TSB-102.BACC- A Project 25 Inter-RF Subsystem Interface Overview New Technology
Standards Project Digital Radio Technical Standards

TIA TSB102.BAFA- A Project 25 Network Management Interface Overview - New Technology
Standards Project - Digital Radio Technical Standards

TIA TSB- 102.CAAC Telecommunications Systems Bulletin Project 25 Mobile Radio Push-to-Talk

and Audio Interface - Definitions and Methods of Measurement

TIA TSB- 102.CABA Telecommunications Systems Bulletin Project 25 Interoperability Test

Procedures Conventional Voice Equipment

TIA TSB102- A APCO Project 25 System and Standards Definition

1 { o ¢
3. 5']0LLN%ﬂ"J']&Iﬁ%‘YIEgﬂ&I%']ﬂ&liz‘iJ‘]J‘Yli\‘lﬂ

éﬂﬁfﬂmuﬂm:msumsﬁamﬂmmmﬂuLLﬁd'*m?]”l@ﬁ’@ﬁﬁNu,wumwwﬁ%wqﬂumﬂm:um%‘aﬁ
w.e. 2549 44 Tapifumsnuny sadoy mumumﬂ%&mmmﬁ%q fnTuszuLing nivduas
Uszine ﬁaﬁﬁmﬂ%@magjil,auLLazﬁﬂ'dvlaJ'"L@ﬁ'@ﬁﬂLmummﬁ Lm:ﬂﬂmﬂ%'uﬂ;ﬂmi UL8LENDUNUAINNE
WnArnEaiasessumILsSmIeanenuiinasdsanaluszazenn I@mmsﬁ'@ﬁﬁflql,l,wummﬁ%ﬂq
ANANTZULNSIS Foanaasnuinmang LaziwIn I mMIEIRRNuAINLHHILALNISLSRIIAEUALE

LRZLHWLNUNAIMIINTANUIAN W71, 2549-2551
V\E‘?ﬂﬂﬁiLLazL%@!Nﬂl%ﬂﬁi‘ﬁl@]ﬁ’lLLN%ﬂ’)’WlJﬁ%V]&qlﬂil%’]ﬂllizﬂi_m%’\'lﬂrVLGTLLT]'

1) miwﬁmuﬂmmﬁf‘mqLLviam?] "I,@Tﬁ'muwﬁaammﬁ%qvlféwmé"uﬁmﬂ'liﬂizﬁﬁﬁ (Fixed
) Aa A A . ) oA A o A9 o A o o @
service) WazfansiARauil (Mobile service) uaglaaansdaassanudldntisnudanldinus, udds

a

vl&iﬁmﬁ@ﬁ%mummﬁmﬂq"lﬁl,ﬁa‘saa%’umﬂ%mm:uué’aﬂz\inﬁ

2) %qﬂumﬂmzuuw%’aﬁ ﬁmwaﬁwLﬂuém%'umﬂ%mumww:mﬂluﬂzjumamaw6]
WHIEIU IINUNUANNIUAT NUULININTITUE NUOWANENFUVDIRDLNUNTINT 9%

WZNFNTBITTIAMNL azwanzngumeluzadanaudn g iudu

o o Aa & e A o % a

3)  mdarhuwuanudingaumanszuundkdullifiedmueanasgiunmiiaasiniu
anuddmiumilinunaluladingaumevzuunnd  Waeaadasiuanasguiduisaniunilan
Tz iglfiasasingaumanlulinandemdlinunaluladingaumauszuonsad  ldhanls

WAV RN AURUI LI UYDIN
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1%@?1@1Lqumwﬁéwﬁ%’uﬁﬂqﬂwmﬂm:uwﬁdﬁmmﬂi:mﬂvlm51 ﬁl,ﬁml,mumwﬁ%ﬂqlumu

{ ‘é QU Qs o l&l { Q L™ ' g:

AND 800 MHz Gvlaaarinulasnsylusuddna WalfaunuMWUT 2535 IRt ULA LTI
i

~ o ia -7 o % | { & \
mdﬂ’]i'ﬂ(ﬂ‘ﬂ'ﬂm%ﬂ'}’]ﬂﬁ’)‘ﬂﬂﬂNu’]ﬂNit‘l.l‘].l'ﬂidﬁilﬂﬂlﬂwu%tﬂitﬂ?J‘LIVL‘]J@’Jﬂﬂ']%ﬂ'l’]llﬁ‘ﬂd‘ﬁ&l(ﬂ 5 8%

arwd laun
1) ﬂmmmﬁ%q 380-399.9 MHz
2) mumm?ﬁwq 421.8-422.95 | 433.8-434.95 MHZ
3) mumm?ﬁwq 484-489 | 494-499 MHZ
4) si’mmwﬁ%q 806-821 / 851-866MHZ
5) si’mmwﬁ%q 821-824 | 866-869MHZ

nifh  ukuanudIngaumaNzuunIaildsznaulddsntmueteasdygauazdanuding
matmuangutessyyiae Mufsdanlsmilinusinunswanneivdsameaiiandu iiaduns

a_ A = a £yl oA oA ‘:A'
'v\aﬂLammﬁumumwmmuvlmmmﬂlwwaamwammm LRSUNURDRIIDU 9

msluszuunsialulszmalnaazdaadullounsay  UASHANINATNIHAKA  WAZMT
FARTIARUANND muﬁﬁmu@"l,ﬂmmummﬁ%qmmam:uuw%’aﬁﬁ Iﬂmmummﬁ%wqmmm
3:uuw%’aﬁﬁﬁﬂﬁﬁahumwwﬁ%ﬂqﬁm%’umﬂ%&m’tuﬁﬂﬂqﬂumﬂmzuuw%'aﬁ insdassInnuding
athanaipsdniniagdizaidrasnudieg  wenanuu ssiuayuldnsldanudingdulladng
UrzngauaziUszantnn lastanedgmsumalulad NIssUULAUERANULAS AINAANANY
drmdvasdldnu  nunehliliddygmmaunmuiusewivdlsluudesnds  wazlaildgywing

o | A )
sumuﬂmzmwpﬂ%’[uﬂizmﬂuazﬂszmmwaumu
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3. wmaluladdmsuiAsadinganmaniuiansiadauiniaun

U3zian Radio Frequency Identification: RFID

1. walwlad RFID

]
A

sruuaTIRauTHanITIamzlaslianuiing (Radio Frequency Identification: RFID) @@

9
A [

suumsiafivtayauszuaasnaiiansueMoaziBuazasiagnedidnnseiing I@ﬂ%ﬂﬁﬁﬂqlﬂuﬁa
naslunsautaya Gasansnasuelasdiieldin LﬂuLquIaﬁﬁﬁﬂﬁmmsna@muﬁagamaﬁmq
1 3w deazls w?mﬁ"lﬁuLLaﬂﬂiLﬂquam nanagnals maeiulvn usziilels Usznavludedusing
Hu ussudasuanandilng ﬁuﬁg\iﬁmmuﬁé&waﬁ@qfuq Tufaduhagaulalulan laglaidudud

090U IFNAR (Contact-Less) WiadaalAuinniig faw (Line-of-Sight)

luflagdin  szuy RFIDIGIUMIBENTUBENIgII) Hunaluladfiidaswsdemsldnud
dasnImItianaMLandanIatayainnizradudazyana ﬁmmmﬁnmu"lﬁgnﬁaau,aiurjw
70157 waedanuindaluianinszuuaesausRaluszuuaung Tu IREULLNS (Barcode) 3IME9
m'lumminslumimﬁumﬂ%aa@mu’i’mqludmﬁﬁmmﬁ'}ﬂa:l,ﬁﬂ@iuﬂﬂsmsaa%’ug@ﬁls:uumﬂﬁ@
syl Tasamzagsismianasausialusnmfiitonlaauanisn wiatiueios a1sed
{ludu wenaniiszuy RFID dasunsngutayaldiag Taglidasidmaulusanuihegauuuunilda
u,a:éhﬂmwﬁlﬂumsdaé‘tyzywmiﬂqﬁﬂﬁémﬁaga‘l@i’ﬁazmﬂ6] dm’*ﬁagamaﬂﬁﬁlﬁmﬁwm fhode
wiaTwswsaiiudayaldaninninilda dasuudasldsnnit fhe RFID sansninauanlldan
wonandt RFID fsfimslenuiieusssaddnanmwlumaisdaanumusalumsliodmassulugs
WAz uaNa 9 gﬂ“fiiET\‘lﬁa@]ﬂﬁadﬁuLYIﬂI%IﬂﬁYINﬂ’ﬁLﬁ]J“IT@HﬂﬂﬂN‘ﬁ’]ma§ SIHA AN IVENEAITD

v J 1 v
319 RFID gwuamamam:IW

gnsuumliuludumsaaain ﬁmim@mwrﬁdﬂ;&ammmmi@]mamawﬁ@lﬁwﬁuaw%msﬁ
\Aendasiuszuy  RFID argalis 2 WuswwInyanizluln.a. 2548 waziafansanianizns
Uszyndldauvasszuy RFID luﬁﬁumﬁ@mﬂﬁﬁqﬂmu (Supply chain management) azWUIXyaeN
Pagamanalannii 380 sy anIganzluln.a. 2548 unu it amalusuiinsidvlalag
aae Uszanmsasas 45 datl lugae 5 TN %aﬁfmﬂué’mwmnﬁﬂmﬁﬁawiTna;m luudvasninu
@'iuéh‘uad;jﬂs:ﬂafumsﬁﬁmwLﬁmﬁmﬁ‘umsﬁnmmﬂ‘[u‘[aﬁ RFID ml‘ﬁ'[uﬂ'\s%‘@mﬂfﬁqﬂmufu Tu
Uit filszinaswizain ¥easTnaudnaadunin (Wak-mart) wazniznsrnallnaansy (Department
of Defense: DOD) létszmenlavngatnedaian fiazsiiszuy RFID Whanldlumingan  nodl ¥
1aaﬁm%n"lﬁﬁmu@slﬁauﬁwmy‘luﬁwaﬁv’mmﬁmmﬂgﬂnLl (Supplier) M6 9 dasiiatheda (Tag) A
\{luszun RFID v dwsuimnalulad RFID fil51i 119 Wal-mart léfnvua l5illunalulad RFID 4
1"55’1%@1’;’1&5 UHF @1341@331% Electronic Product Code (EPC) Class 1 Generation 2 (C1G2) %Mﬂu

eI unfianumanzaniuszuuIanldgdniu
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2. Ta398319209 RFID

J2UU RFID é’ma@ﬂugﬂﬁ 1 Usznausiolasiainanyg 3 sudioniu fethede RFID (Tag
%38 Transponder) 8% (Reader en) Interrogator) LA 1sunsun33ams RFID (RFID Software
Application)

1, thede RFID Lﬂuﬁhuﬁlﬁuﬁaga@hm f'fjdmmmuaﬂ"l,ﬁdwéwaaﬁﬂﬁU%aﬁaﬂagﬁaﬁuﬁ
10zly warmwiineazdaadng qmaa'&uﬁwfu (Transponder) %‘%aé’aLﬁu"ﬁagaﬁvlaiﬁaamimié'uﬁa
(Contactless data carriers) ka1 RFID Lﬂuqﬂmtﬁm%aaﬁaﬁﬂizﬂauﬁaU&h%ﬂizﬂﬂﬂﬁé’ﬂ 2 d1ufa @Iu

A A 149 o I e & o A ' A & A A @
‘nLﬂu"l,ﬂmﬂnﬂﬂl’ﬁmmummu‘mmagama 9 Lm:mu‘nLﬂmauammmmﬁﬁlﬂummmaga

RFID Tags ¥ 2 U32lAnuiseusanimetaiunai3nunadinuna Active Tags Uas
Passive Tags I@ﬂﬁqmauum 299
Active Tags Passive Tags
- JURBINRINWIUA? - liflunasnasanuluar  (gwasauan
- szuzlunsenulng (100 was) vnuls  1e3as81u uay RFID)
A Aa o vl 0 &

vSnmhlsyanmsuninles - zozlunsanua (1.2 LaT)

v a @ ' ' @ a A o o a Y Aa
- ANNIARDNNNAUBYABNITETULDYA - Afgwula lUlsnuluiiwesaund
- 2w@ ngy Sy nuiadn iWisuniug
- AUNHE - PUIALAN WIRTNLLN
- mmmﬁ'aa'muaz@wﬁa;&a - 1079N

v o Qs ; = dl U =
- mqmﬂm’mmnmunumqu‘ummas - mqmﬂm’mmamuﬂi:mm 207
sz 2-7 1

2. 8 RFID  Iwihfinan 2 &wde SUAR9IaINlUIUATNNNTIAMST RFID (RFID
Software Application) Wazfiasagdirnadayanuuny RFID 1A38981muny RFID Imﬁ'ﬂﬂuﬁaﬁag 2

Uszian Aa uuuwnwild (Handheld) uazuuu@aadagiun

3. ldsunsumsaans RFID  dntfnanluvmssanszuiumaandg Anetesnunisii

RFID winlddszendldluaudaglasliGada

Tag Reader Database
(embedded in label)

Other
databases

gﬂﬁ 1 a9AlsznauvadszuL RFID
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3. B1AND1TINNIZUY RFID

SxUU RFID niResnsdayaieninididn (Reader W3a Interrogator) uazihea (Tag w3e
d' U a aa 1:4 d' 1 s dl' A = g: n:l' & a = nﬁ
Transponder) figfinn@ndinandusandaagnumuainia thoTawia Tag insnidusfiauaniin o
v ™ { =3 ‘é Qs ™ { v Qs ] { v
TEWRIINUIINUUALADT LASTRAANIRTNTIOAIWAIINUINFUIN WA §TI99INA81% ANuDLTI%

& X , @ o ' . { & . a a
WaI3eUY RFID uumuag}muﬂ’liﬂi:qﬂm“lm’m m:a’maglummmummﬁmm 125 ﬂIE‘ILE’Ii@]‘f — 245

a a 6 o P
NNZLTIND AINITNN 1

15197 1 NN31B91UVBITEUY RFID Ngwanadeg o

Size

LF HF UHF Microwave
Frequency < 135 KHz 13.56 MHz 860 -930 MHz[1] 245GHz
Rangs
Standards ISONEC 18000-2 ISOVEC 18000-3 ISCWIEC 18000-6 ISOEC 18000-4
Specifications LutolD HF class 1 | AwtolD class 0, class 1
ISO 15653, 1S0
14443 (4B)
Typical Reaa <U.om “1m ~4 -5 mZ] “1m
Range
General Larger Artennas | Less expensive than | In wolume UHF  tags| Similar charactenstics
resulimg i higher| LF tags, Best suted | have the potential to be | to UHF  but  faster
cost  tegs.  least| for applicabons that| cheaper than LF or HF | read rates. Drawback
susceptible to| do mot reguire long | dueto recentadvances | B microwaves  are
perfomance range reading of high | in IC design. Good for | much more
degradatians from | rumber of tags. This | reading multiple tags 2t | susceptble o
metals and liguds frequency  has the| lomg  range. ﬁure perfomance
widest application | affected than LF and| degradations from
scope. HF by performance| metals and liguids.
degradations from
rietals and liguids
Tag power | Manly passve using | Mainly passwve wsing | Active ard pazsive tags | Active and  passive
source inductive coupling | mductve  coupling | using  E-Field back|tags using E-Feld
{near feld) {mear fizld) scatier in the far held back scatier in the far
fisld
Tupical Access Control, | Smart cards, Aocess | Supply  Chan-  paliet| Elecironic toll
applications Animal tzgging, | Central, Payment. 10, | and  Box  tagging, | collection, Real Time
Vehicle mmobilizers | kem  level tagging. | Baggage Hardling, | Location of goods.
baggage contral, | electranic toll collection.
Biometnes, Libranes,
laundries, Transport,
Apparel
MNotes Largest installed base | Cumrently  the  most| Different freguences | 5.8 GHz more or less
due o mature | widely available hgh| and power allocated by | abandaned for RFID
technalogy. Howsver | frequency world-awide | different countnes
will be overzken by | duetothe adoption of | US 4WI(EIRF) 9130MHz,
higher frequencies smart cards in| Eurcpe  0.5W (ERF)
tEnscor 3558 MHz, [2]
Multiple  Tag | Slower -+ P Faster
Read Rate
Ability to read | Better Wwarze
near metal or
wet zurfaces ‘ N
Passive Tag | Larger q p Smazller

[1] Japan has recently announced allocation for 950 MHz band for BFID
[2] 4 -5m is for unlicenzed readers and 10m for site license in the U5, In Europse with current powsr restrictions only around
33crmn is achievable. However this 15 expected to fmprove to near 2m a5 power amissions increase fom 0.5 Watts to 2 watts.

4. 4103371 RFID

VINIPINVIITUY RFID  1Npadoslu 4 daunlaun drunaidandanisenme (Air  interface),

\Wanuaznsidnviadays (Data content and encoding), AANWATINL (Conformance) WATANT LTI

Punuldizninimadszendldauuazszun RFID (Interoperability)
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wingunAeITadlunswamuazmMIBeINewina lulad RFID laun

m International Organisation of Standardisation (ISO)

u EPCglobal Inc™

u European Telecommunications Standards Institute (ETSI)
m Federal Communications Commission (FCC)

@  aasgawnBaNfan1aInd

ANAIPIUNITaNGENIMAD NN KALABANATIIUA TN 1ISO-18000 autlsznavein

m ISO 18000-1 — Generic Parameters for the Air Interface for Globally Accepted
Frequencies

u ISO 18000-2 — for frequencies below 135 kHz

= ISO 18000-3 — for 13.56 MHz

. ISO 18000-4 — for 2.45 GHz

. ISO 18000-6 — for 860 to 960 MHz

" ISO 18000-7 — for 433 MHz

®  aesgmlitaniuazmsEsiataya

asanaldgUmuinsizasdumaafendisfudszninduiuszniinnuds 9

| o =< o I = v = 0 o L o a ' 1
udrwinann ﬁ]am’mmLﬂumz@aawmmgmswﬂu ‘.Ij’ﬂ"gﬂ% 419331UTVY RFID ﬁW%SU§$UU%’NI‘Iﬁ

Qﬂmuvl,ﬁlmmmgwmﬁaﬁuﬁw&ﬁnmaﬁﬂﬁ (Electronic Product Code %38 EPC)

EPCglobal Lﬂuaaﬁﬂﬁzmwﬂi:mﬂ%’@éﬁv’dﬁumLﬁ'aaﬁua%mm:ﬁwms:uu RFID
fnIuTRaEUA181anNnIafind (Electronic product code RFID system) liuiewndiod dagiiu &
WhanuRmy 9 w1 Ainwuasloingadretalaniiazinssuy RFID MNN19331% EPC anlT
ARIRITWAUAT Wall-mart, N3zNTIINATLAY Uszinaanigainsm, #igssnduen Meto AG 1w

Uzineo o uan

% A& a_ ¢
5. 5Waa%ﬁqalaﬂﬂsa%ﬂa

SHEEUTBLENNT0Ng (Electronic Product Code wia EPC) ludianfitauidianzieslafs
%ﬁalumﬂsﬁqﬂmu 813na172 1631 EPC iLﬂuﬂﬂiﬂizﬂqﬂ@ﬂ“ffd’mﬂ’]d‘giﬁﬁ]‘lladLﬂﬂIuIﬂﬁ RFID g
sruuwalggUnu 9w EPC ﬁ]zgnﬁ“}'mﬁua%iuuﬂm%a RFID iavinisenusia EPC annihedariu Hl
§NINATIIROUTDYRA 9 LTw Fuiiflaua Tuinaafuarin 9 la gﬂﬁ 1 WRAIANHIUTYDITAN
EPC 1fin 96 Ta Fafinldin lusws EPC iudsznaudofladdas 9 s1um 4 Aadldun

= Header 211a 8 4@ ¥ninnfinuwariavassna EPC (64 Ua, 96 0@ w3a 256 Oa)
. EPC Manager 2w 28 o (Huduavfldtsuanfsgaanislawm wiaduannlsus

' [
Y A A v @ o A Y a a

uaﬂﬁawwamaumumaa muslmw‘u EPC o#a 96 1a ﬁ]:s:quamuﬂﬂﬁmnn’h 288 aUI8

U U
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. a o A a o & A a 1Y 1Y '
. Object Class 2410 24 U@ \Juartsuansiavasguean fﬁwm:y‘mumamumvl,@mnmﬂ

16 S 1UTHA §1RIU Qmﬁmwia:im

. a il a [ ] e a s Ui
u Serial Number 2#1a 36 0@ au1sadivanauiudazivluaiianis 9 loteszunm
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1. npsgiunamaiiavadAsadmsanmAnuazalnsnl

384 1AT2NINEANUIANTUAIMTLARBUANIIUN S2UVILAGHT HIATFIU GSM

Uszinnamiignn (Base Station) wagamitnindsynne (Repeater)




= ’/éllu
EN

UszmaamznIsan13nan1sNIANRIANLKIZIG
FABIaIgIRNsInaRaTaaIasinIanwIaNLazalnal
4 4 oa A 4 d |
1309 10309 3NgAARIANIHAINMIIAREUTAINIILN FTULITARA A1A33 1% GSM

Uszinnan1ig 1w (Base Station) UWaran 1N IBEU 1M (Repeater)

lapwdunisguarsiinuauiasgwuasansmeAilszgaanisarwnafialuianis

o A A &l a aAa ' v a
Iﬂiﬂuu’]ﬂﬂ\l ﬂi:ﬂa‘]_lﬂ‘uLﬂiadiﬂiﬂuu’lﬂu%mQﬂﬂimﬂi“ﬁﬂluﬂﬁm’]i ']ﬂ&lﬂuwﬂ@]aﬂq{lﬁﬂiﬂqi

Insauuiandsslunasgiunmimaia a1dod 11901001937 51(6) WAINIZNTU YA aIANIIATTT

i A o v A a a a o ¢ \
ﬂﬂ%ﬂqquﬂLLﬂzﬂ']ﬂ’]Jﬂ"i]ﬂ’]TJﬂEgﬂjz"inﬂl,ﬂﬂd 'JY]EJIV]'SV]?[% LLRST JUIAN N.A. 2543 11a31 32

=] ' v en a '
']33@1“%3LL“GWizj']?jllmufy@ﬂqiﬂizﬂaﬂﬂﬂﬂqsiﬂfﬂwu’] d NZUINIT 29 (4) WAINIEINT

b waa { IQI A lé 1 b s
‘]JQ.}Q.’JG]'JVIE!@]N%']QN W.¢. 2498 LLﬂZﬁLLTﬂTLW&IL@]&I | BUNTIATT 78 ITIARUILAIWIEINTUY YA
ﬂdﬁﬂi%@ﬁiiﬂﬁ%ﬂ?ﬂ&lﬁLLﬂZﬁ’]ﬁ‘Uﬁ"ﬂﬂWi%‘ﬂ TSIV LRES I E‘!I‘Yli‘ﬁﬂﬁ: LLﬂZﬁ‘ﬂﬂ’]iI'ﬂiﬂ&l%ﬁﬂ&l

fseandsznmaindisuiasguninaiaved

iwraslnsnumiauuazgUnIol (3ad inlasinganwanlufInIeReuliniaun sTuuEaga AI3N

GSM  Uszianamniignu (Base S aeaninIna I (Repeater) 13 aslivpazidoaanu

NW@]?E']‘LLLR‘IIﬁ nNY AN. XXX -

XXXXXXXX W.F. 2549

WaLan

a a £
(TTVH WIRUWIZEND)

ﬂizﬁ"]uﬂii&lﬂ’]iﬁﬁ]ﬂ’]ii‘ﬂiﬂN‘Hﬂﬂ WUHAIT®



nmsgIunInaiinzaspsadlnsanwianwazaunsal

ANY AN. xxxx — 2549

wsasinganwian luRansimiauiinieun szuulgagal #IRsgIH GSM
UszLAnaailgnu (Base Station)

wazaa1dnIugyaIa (Repeater)

AN IUANZNITHNISAINITINIANUIAN LK ITIE
87 auuwwaledu voe 8 wareasaulu wanaln njenwaniuas 10400
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RPN NINARAZaIAIBInIANwIANLAzal NIl
4 4 oa A 4 .
1309 10309 3NgAAWIANIHAINMIARBUTINIILN FTULITARAT A1A3Z 1% GSM

Uszinnanitgnw (Base Station) Lagan %N w1 (Repeater)

1.  2auzy

wagumanafiah sryansmuznanaiatudiidnivieiasingaswanluionig
LARARNNUN TLULLTAAT H1A337% GSM Uszinnaniigiu (Base Station) UazamhMIBFYYIH

(Repeater) landti9w9szninatasdyanm 200 kHz luduanudingaseallit

szian ﬂ')'l&lﬁ.ﬂld ﬂ')‘]Nﬁ%ﬂJ

GSM900 925 - 960 MHz 80 — 915 MHz
GSM1800 #3a DCS1800 1805 - 1880 MHz 10 - 1785 MHz
GSM1900 w3a PCS1900 1930 - 1990 MHz 1850 .- 1910 MHz

2, N'l@l‘ig']%ﬂ']ﬂtﬂﬂﬁﬂ

21 a@sgIUNImaRaa AaRAIND (Radio uirement)

WNIPIUMBNARAGIUAIUAIIND Sanngauwanluiamaafeuinisun szuy

a '

LA ANAI3 % GSM dazinnannfignu uazamiiniudme Mass 7e3u uaznmatuas Widwld

anufifmua i luinaspudsdelui
211 ETSI EN 301 armonised EN for Global System for Mobile
communications (GSM); Base Station and Repeater

\ equipment covering essential requirements under

2.1.2 ETSI EN 301 087 . Digital Cellular Telecommunications System (Phase 2

article 3.2 of the R&TTE directive (GSM 13.21

version)

& 2+); Base Station System (BSS) equipment

specification; Radio aspects (GSM 11.21 version)

21.3 ETSIEN 300 609-4 : Digital Cellular Telecommunications System (Phase 2
& 2+); Base Station System (BSS) equipment
specification; Part 4: Repeaters (GSM 11.21 version)

ANY UN. XXXX - 2549 A1 1 970 2



2.2 mmgﬂumamﬂﬁﬂﬁ'mm'lNﬂaamﬁ'ﬂmﬂv\lﬁﬂ (Electrical Safety Requirements)

Wasgunsnaiadiudiuanudasanonslniy vaseIasingauuianlufianis

a P . = a o v & P

LARBUNNILN SzuDLEaga ANAI3 % GSM  dazinnanifigiu uazanniiniudyyio didwldanad
fmua lusnasgruasda i

221 IEC 60950 - 1 . Information Technology equipment — Safety — Part 1:

General Requirements

222 uan. 1561 — 2548 :  USAmnalwladaIzuwne awizeuwanulasany:
Farruana b

23 aasgmanadasadsianunisidiasassdsingeawianaagunInuaIN e (Radiation

Exposure Requirements)

Lﬂ%aﬁ*ﬂqﬂumﬂuluﬁﬁlmimﬁauﬁ*‘mdun FTUULTARE

uazgadnInFY I xdasusadliiand Ju1asguni
Lﬂ'%'ads'(ﬁ"nﬂqﬂumﬂmiaqmmwmawgwﬁ Vlai@ilﬁndﬁmmgﬂ
ANWIANADFTUNIWYBIN1E] fnmuznysunisfiamslnaag
wnaspunitsaaealui

2.3.1  ANSI/IEEE C95.1 IEEE Standard for Safety Levels with respect to
n Exposure to Radio Frequency
ectromagnetic Fields, 3 kHz to 300 GHz” issued by
American National Standards Institute (ANSI) /
Institute of Electrical and Electronics Engineers
(IEEE)

2.3.2 ICNIRP Guidelines : Guidelines for Limiting Exposure to Time-Varying
Electric, Magnetic, and Electromagnetic Fields (up to
300 GHz)” issued by International Commission on

Non-lonizing Radiation Protection

ANY UN. XXXX - 2549 AU 2 977 2



AMANWIN N.

Standard Checklist: ta3233nganwiaaluian1staRanfin1aun szuULagal 110331% GSM

Uszinnannitgw (Base Station) LaziAIDINIKA YY1 (Repeater)

318113 Limit Wwlaikn | vz
1 | mly
1.1 | dszan [ Gsma00
[ csm1800 (DCS1800)
[ csm1900 (PCS1900)
2 | AAIZIRNINARA
2.1 m’ém"‘mm‘mmﬂuﬂizmﬂﬂmﬁg’m (Base Station equipment) — n1A&I (Transmitter)
(8n9@301n ETSI TS 101 087 v8.10.0 (2005-11))
2.1.1 | Modulation accuracy #1178 6.2
2.1.2 | Mean transmitted RF carrier power
2.1.3 | Transmitted RF carrier power versus
time
2.1.4 | Adjacent channel power
2.1.5 | Spurious emissions from the
transmitter antenna connector
2.1.6 | Intermodulation attenuation (LaW1e ya 6.7
GSM900 1az GSM1800 (DCS1800))
2.1.7 | Intra base station system #1220 6.8
intermodulation attenuation
2.2 m‘%’aﬁngﬂumﬂuﬂizmnﬁmﬁgm (Base Station equipment) — 1NA3U (Receiver)
(an9@921n ETSI TS 101 087 v8.10.0 (2005-11))
2.2.1 | Static reference sensitivity level wala 7.3
2.2.2 | Multipath reference sensitivity level Wala 7.4
2.2.3 | Reference interference level wWalia 7.5
2.2.4 | Blocking characteristic w18 7.6
2.2.5 | Intermodulation characteristics wWadia 7.7
2.2.6 | AM suppression #wala 7.8
2.2.7 | Spurious emissions from the Wala 7.9
receiver antenna connector
2.2.8 | Radiated spurious emissions watla 8

NNT UN. xxxx - 2549

AU 1 970 2




8M3 Limit Wwilaikan | waname

23 | wnFadinganmamlssananitnoudyann (Repeater)

(81989210 ETSI EN 300 609-4 v8.0.2 (2000-10))
2.3.1 | Spurious emissions #wata 5
2.3.2 | Intermodulation attenuation W10 6
2.3.3 | Out of band gain watla 7
2.3.4 | Frequency error Walio 8
2.3.5 | Modulation accuracy at GMSK | #2189

modulation
2.3.6 | Modulation accuracy at 8-PSK | #ada 10

modulation
NNT UN. XXXX - 2549 Wi 2 97N 2




2. aAsgpumamAiAvadAsadlnsanmAnuazalnsn

3 LATaINgANANTUIaMIIARauNNIgUN 52U Digital Trunked Radio




= ’/éllu
EN

UszmaamznIsan13nan1sNIANRIANLKIZIG
FABIaIgIRNsInaRaTaaIasinIanwIaNLazalnal

1309 @309 IngaawIanluiaNsiafeuiinigun s¥uL Digital Trunked Radio

lapwdunisguarsiinuaniasgwuasansmefilszgianisarwnataluianis

Insnunaw ﬂs:ﬂa‘uﬁ"‘uLﬂ%aﬂmﬂumﬂw%qﬂﬂirﬁmﬁuﬁamﬂmﬂ 1AuNTNaAaNITIRUINNT

Insauuiandsslunasgiunnmimaia ardodiuiaauu1asn 51(6) FENTUYYRDIANITAFIT
ﬂﬁummﬁLLa:ﬁ'lﬁ'uﬁamﬁﬂqﬂszﬁnm%m 3ﬂq1ﬂsﬁﬂﬁ waznan
A 1 ™ a a 1
19IONIILAINTE T AnsdsznaufansinTauwan W, 2 WRZNIATT 29 (4) WAINTZINT
L waa A IQI a lé 1 Lo “a
Una@ingauuiay w.a. 2498 LAz bLANLAN ﬂi:ﬂau 173N HIURINTE I TU YT @
aaﬁm%‘@aﬁﬂﬁumwﬁLLa:ﬁﬁﬁuﬁamﬁﬂqm:
W.@. 2543  ADANIINNIIAINIIINTANUIAY
waslnsnumwianuazgunsal (39 iaTasinganmanlufianiaafeuiiniun szuu Digital  Trunked

Radio 11 a9fisuasiBuaauanasgiwasi nng an. xxx - 2549 uuuriadseniail

Uszme o4 Vx XX W.41. 2549
WaLan
a a &£
(TTV® WINUWIZEND)
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92UYU Digital Trunked Radio

#1NUAMLNITNAISAINIT INIANUIANLHIBIE
87 auunnaleSu vae 8 uzrsaatauly wawaln NIINNHAIUAT 10400
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RPN NINARAZaIAIBInIANwIANLAzal NIl

1309 1e3093ngaawIanluiansiafauiinieun 32U Digital Trunked Radio

1. 2ayuzy

mmgmmamﬂﬁﬂi{ izqé’ﬂwmzmamﬂﬁﬂﬁgué’hﬁm%'uLﬂ‘%"aﬁﬂqﬂumﬂwsluﬁams
LAAEUAMILN 32U Digital Trunked Radio UszLanganiigiu (Base Station: BS) uszie3asing
ANUIANGNINY (Mobile Station: MS) lufianisiafauiinieun giuanudiing 380 — 400 MHz 421.8 —
422.95/433.8 — 434.95 MHz 484 — 489/494 — 499 MHz uax 806 - 824/851 - 869 MHz

2, N’]Gﬁﬁ’l%“{l’lﬂlﬂﬂﬁﬂ

21 A1AIPIUNNARAAIWAAKAIIND (Radio Frequency Require

211 ETSI EN 300 392-2

2.1.2 ETSI EN 300 396 Trunked Radio Technical

(TETRA);
Direct Mode Operation (DMO);

adio aspects

I €
Part
213 ETSIEN 303Wre8tra Trunked Radio (TETRA); Harmonized EN

for TETRA equipment covering essential
requirements under article 3.2 of the R&TTE
Directive; Part 1: Voice plus Data (V+D)

21.4 | EN303 035-2 : Terrestrial Trunked Radio (TETRA); Harmonized EN
for TETRA equipment covering essential
requirements under article 3.2 of the R&TTE
Directive; Part 2: Direct Mode Operation (DMO)

2.1.5 ANSI/TIA-102.CAAB-B : Land Mobile Radio Transceiver Recommendation,
Project 25 — Digital Radio Technology, C4FM/CQPSK

Modulation

ANY UN. XXXX - 2549 A1 1 970 2



2.2 mmgﬂumamﬂﬁﬂﬁ'mm'lNﬂaamﬁ'ﬂmﬂv\lﬁﬂ (Electrical Safety Requirements)

wasgrunanaftadindinanudasanonslnin sasadasingauwianluianig

\RaUANIUN SzUY Digital Trunked Radio Tiduldaufirmualiluanasgiuasdalui

221 IEC 60950 - 1 :  Information Technology equipment — Safety — Part 1:

General Requirements

222  wan. 1561 —2548  :  USAMNALWIARITRWNG laNIzenaNNLaaant:

Far1ruana b

[ { a J 1 A 1 6 e
23 N'l@lig'l%ﬂ')']&l‘llaﬂﬂﬂElLﬁﬁl')ﬂ‘iJﬂ']ii%tﬂ%adﬁd']ﬂE!ﬂ&l%’]ﬂN(ﬂE)i!“llﬂ'lW"ﬂ'e]\‘l&l‘ugisl‘ﬂ (Radiation

Exposure Requirements)

wsdingauwauluiianiefeuiiniun szuy Digital Try adio A ILEAILIALA

1 a

1 flmnaspumanafiaduanudsaadsifisanumsldiaiasasing

nianasguanudasaduiioiiumsldiaiesdsingauua

2.3.1  ANSI/IEEE C95.1 : |EE or Safety Levels with respect to

posure to Radio Frequency

Electromagnetic Fields, 3 kHz to 300 GHz” issued by
can National Standards Institute (ANSI) /
stitute of Electrical and Electronics Engineers
(IEEE)
2.3.2 IRP eli . Guidelines for Limiting Exposure to Time-Varying

Electric, Magnetic, and Electromagnetic Fields (up to
300 GHz)” issued by International Commission on

Non-lonizing Radiation Protection
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AMANWIN N.

Standard Checklist: ta3a93nganwiaaluianisiaianiin1aun szuu Digital Trunked Radio

Uszinananitg 1w (Base Station) Uazla3a9INgANWIANGNATY (Mobile Station)

18N Limit Awilaleinn | waname
1 | vly
11 | ghwanwdldnu [ 380 - 400 MHz
O 4218 - 422.95/433.8 — 434.95 MHz
O 484 — 489/494 — 499 MHz
[ 806 - 824/851 - 869 MHz
2 Nﬁﬁlig’]%ﬂﬁdlﬂﬂﬁﬂ
21 | aniign uazm‘%’m"immuu’mugmi’m AINNATTIN ETSI EN 303 035-1 uag
ETSI EN 300 392-2
MA# (Transmitter)
2.1.1 | Frequency band and channel
arrangement
2.1.2 | Output power
2.1.3 | Unwanted conducted emissions
2.1.4 | Transmitter intermodulation
attenuation
2.1.5 | Intra-BS intermodulation Mwa 6.4.7
requirements
MA5U (Receiver)
2.1.6 | Blocking characteristics w789 6.5.1
2.1.7 | Spurious response rejection w18 6.5.2
2.1.8 | Intermodulation response rejection | %218 6.5.3
2.1.9 | Unwanted conducted emissions W18 6.5.4
2.2 m‘%‘aﬁnqnumﬂugmim ANANIAIZIW ETSI EN 303 035-2 uag ETSI EN 300 396-2
MA#4 (Transmitter)
2.2.1 | Frequency bands and channel w18 6.2
arrangements.
2.2.2 | Output power wala 6.4.2
2.2.3 | Unwanted conducted emission w170 6.4.3
2.2.4 | Transmitter intermodulation Wila 6.4.7
attenuation
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318113 Limit Wwlaikan | wanswe

MAU (Receiver)

2.2.5 | Blocking characteristics w789 6.5.1

2.2.6 | Spurious response rejection w170 6.5.2

2.2.7 | Intermodulation response rejection w18 6.5.3

2.2.8 | Unwanted conducted emissions w110 6.5.4

2.3 | amiign uasm‘%‘aﬁmmumﬂugmhﬂ ANNIATFIU ANSI/TIA-102.CAAB-B

MA#4 (Transmitter)

2.3.1 | RF output power wata 3.2.1

2.3.2 | Operating Frequency Accuracy w10 3.2.2

2.3.3 | Conducted Spurious Emissions wata 3.2.7

2.3.4 | Intermodulation Attenuation w270 3.2.9

2.3.5 | Frequency Deviation for C4FM w18 3.2.15
MAU (Receiver)

2.3.6 | Conducted Spurious Emissions watla 3.1.2

2.3.7 | Reference Sensitivity

2.3.8 | Faded Reference Sensitivity

2.3.9 | Adjacent Channel Rejection

2.3.10 | Spurious Response Rejection

2.3.11 | Intermodulation Rejection

2.3.12 | Bit Error Rate Floor 8 3.1.16
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3.  aAspIumamAiAvatAIa lnsanmAnuazalnIn

1389 IATANINYANMIANYIZLAN Radio Frequency Identification: RFID
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1399 1A329INgANWIANLILAN Radio Frequency Identification: RFID
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RPN NINARAZaIAIBInIANwIANLAzal NIl

1399 1A329INgANWIANLILIAN Radio Frequency Identification: RFID

1. 2ayuzy

WAIPIUMInaiaih yanEUsnanaialuiimnILIIasIngauwALEAN Radio
Frequency Identification: RFID m"ﬁmuslushumwﬁemq 13.553-13.567 MHz 433 MHz uaz 920-925
MHz

2. N’l@liﬁ'l%‘lfl'ldl,‘nﬂﬁﬂ
21 &l'l(ﬂig'lwn'lﬂLﬂﬂﬁﬁﬁ'}%ﬂﬁ%ﬂﬂwﬁ (Radio Frequency Requirement)
211 Ei’l%ﬂ'a’mﬁﬁﬂsﬂ%a’m 13.553-13.567 MHz

mmgmmqmﬂﬁﬂmaaLﬂ%ﬂﬁﬂﬂqﬂumﬂuﬂszmﬂ Radio Frequency ldentification : RFID
nlfuluduanuding 13.553-13.567 MHz Javda i

1) ﬁ’lﬁhﬁhgdﬁg@ (maximum transmit power) Az6a4 luLAnAa 681U

MavaIgIan Bawly
5 mW [10 mW] Idsusnidulusuaaingaumay
(e.i.r.p.)
1 W (e.ir.p.) @Taa"l,ﬁ%fﬂumgwa‘mqmmauﬁﬁmﬂaa

RS ManNeIngaNmaNAtneTasleun lwananalivin § 19 sind sihean w3a @
_ @ q q v

A { A & a o '
mm‘%ad’mqﬂwm@m vﬁa@mmﬁ’mgﬂwmﬂu LRLLANTTL

2) Fnmuzmamafianads waznesu Widuwllasfidwue Hluanasgulainags
witadsdeluil

2.1) ETSI EN 300 330-1 : Electromagnetic compatibility and Radio spectrum
Matters (ERM); Short Range Devices (SRD); Radio
equipment in the frequency range 9 kHz to 25 MHz
and inductive loop systems in the frequency range
9 kHz to 30 MHz;
Part 1: Technical characteristics and test methods

2.2) ETSI EN 302 291-1 :  Electromagnetic compatibility and Radio spectrum
Matters (ERM); Short Range Devices (SRD);
Close Range Inductive Data Communication
equipment operating at 13.56 MHz;

Part 1: Technical characteristics and test methods
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2.3) FCC Part 15.225

21.2 drmwanadInglao 433 MHz

Code of Federal Regulations (USA); Title 47
Telecommunication; Chapter 1 Federal
Communications Commission, Part 15 Radio
Frequency Devices; Section 15.225; Operation

within the band 13.553-13.567 MHz

mmgmmqmﬂﬁﬂmaaLﬂ%ﬂﬁﬂﬂqﬂumﬂuﬂszmﬂ Radio Frequency ldentification : RFID

ﬁl%ﬂﬁ%lumuﬂ?’mﬁaﬂﬂq 433 MHz Jad¢ia i

1) MAIHIFIga (maximum  transmit  power)  liidulUannamensunisians

Insaumauuismannuanialiaygia

2) anwmznaneiianmeds uazmaiu Whdwldesitmue lluanesgiuasdelui

2.1) ETSI EN 300 220-1 :

2.1.3 gmANNAIN 21291% 920-925 MHz

Electromagnetic. compatibility and Radio spectrum
Matters (ERM); Short Range Devices (SRD); Radio
equipment to be used in the 25 MHz to 1 000 MHz
frequency range with power levels ranging up to
500 mW; Part 1: Technical characteristics and test

methods

mmgmmdmﬂﬁﬂmamﬂ%aﬁﬂqﬂumﬂuﬂszm‘n Radio Frequency ldentification : RFID

ﬁi%mulu:hummﬁ%mq 920-925 MHz Jaadia b

1) ﬁ’lﬁhdﬂgdﬁg@ (maximum transmit power) 3@ a4 liiuaassaluil

RLSLAEAGE) ol
0.5 W (e.ir.p.) ldsueniiuluaygaingaumay
4 W (e.irp.) daslauluaugainganmaufiioadas

RIS MUanNaINaaNmaNineITeslawn luananalivin § 19 vdh viheean wie
AL RISLI40 1) $0] 3 q @

ﬁws'fﬁm%aﬁwqﬂwmﬂu %%aéﬁamﬁ%qﬂumﬂu WAILANT L
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2) dnmazmamafianads waznmedu Widuwllasfidwue Hluanasgulainags
witssrasia Uil

2.1) FCC Part 15.247 : Code of Federal Regulations (USA); Title 47
Telecommunication; Chapter 1 Federal
Communications Commission, Part 15 Radio
Frequency Devices; Section 15.247; Operation
within the bands 902-928 MHz, 2400-2483.5 MHz,

and 5725-5850 MHz

2.2) FCC Part 15249 : Code of Federal Regulations (USA); Title 47
Telecommunication; Chapter 1 Federal
Communications Commission, Part 15 Radio
Frequency Devices; Section 15.249; Operation
within the bands 902-928 MHz, 2400-2483.5 MHz,
5725-5875 MHZ, and 24.0-24.25 GHz

2.3) ETSI EN 302 208-1 :  Electromagnetic compatibility and Radio spectrum
Matters  (ERM); Radio Frequency Identification
Equipment operating in the band 865 MHz to 868
MHz with power levels up to 2 W;
Part 1: Technical requirements and methods of

measurements.

AL T#sia19 337w ETSI EN 302 208-1 antiaduldiu RFID Aldnulugnu
anuiiing 920-925 MHz lelasanlay

22  anasgrwnmamaianuanalasanenig Wil (Electrical Safety Requirements)

u1aIgIumManaiadiuanudasadonslnin vaia3asingauuiauiszinn Radio

Frequency Identification : RFID lifluldanafifmualiluanasgiuasdelui

221 IEC 60950 - 1 : Information Technology equipment — Safety — Part 1:

General Requirements

222 wan. 1561 —2548 : USAMTNALWIAERITRWNG lNIzeIRaNNLaaant:

AR UHAN I 11
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23 mmg’mm’a’mﬂaamnmﬁmnum‘s‘l%m%aaﬂa’mzgﬂuumumaqmmwwaomgvﬂ (Radiation

Exposure Requirements)

apuanulsaadsinsnumslfiatesdsingaumandagunnsasnyud i vas

\A389ANgANIIANLYIEIAN Radio Frequency Identification : RFID Tiduluanufidnualiluinagu

anulasanain mﬁ‘umﬂ"ﬁﬂ%adfs'fﬁ“nﬂqﬂumﬂmiaqmmwmawmgwﬁ ‘ﬁﬂMZﬂiiwﬂﬁ‘Jﬁﬁ]ﬂﬁi}ﬂiﬂ&l%’]ﬂﬁJ

1 a o A A o n:%'
wiiT@dszmeatinue wialuinasgiwlanasgiunisasda li

2.3.1

EN 50364

2.3.2 ANSI/IEEE C95.1

233

NNT UN. xxxx - 2549

ICNIRP Guidelines

Limitation of human exposure to electromagnetic
fields from devices operating in the frequency range 0
Hz to 10 GHz, used in Electronic Article Surveillance
(EAS), Radio Frequency Identification (RFID) and
similar applications” issued by European Committee

for Electrotechnical Standardization (CENELEC)

IEEE Standard for Safety Levels with respect to
Human Exposure to Radio Frequency
Electromagnetic Fields, 3 kHz to 300 GHz” issued by
American National Standards Institute (ANSI) /
Institute. of Electrical and Electronics Engineers

(IEEE)

Guidelines for Limiting Exposure to Time-Varying
Electric, Magnetic, and Electromagnetic Fields (up to
300 GHz)” issued by International Commission on

Non-lonizing Radiation Protection
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(Radiocommunication Equipment)
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