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1. A0IE AIRIQ MIIOIE

0 2ntE AL3)e =29 @7 Avol s %3

o 1990dth AE3; A3E AAH AdEHU Aol daL, o]F %7]—7(]— oﬂ/q

AARRE FR8e] FPAT) AWt A A} B WA A

7 B

=

o 2000@ ) RFID(Radio Frequency IDentification) 7]&¢] A 43}
MM AEE HIE & Ae FHIAYHE A E 1A (2" 1]

# RFID: AFEO| ™At Efjd(tag)E F &S TH=T|( reader)01|A1 FHde2 HOoHE =+

0] Algst= 7|4, 7|EQ| HiRE(bar code)?t 2E0| ZHO| W2t ME

HIZEE S &S0 2fQlst= HHHO| RFIDE Z& MEUHIF 1Rl ID =z

ot JHE M=E A2

oy oo

=
=

o 20079 6¢Y NEZA} olo]ES FAIS o]F PArEO] F FAXMH|~ &
sl B EdY 35

I-Koitjil)
Information Electronic \Ubiquitous
Korea Kworea Kiorea

of K

—_

I o

(A=) WMol Smart ITE 53F Smart Korea 7383, [TAHAATA|E =, A 185, Sept.

2010.)

[] Ofcom®} EY oS H Auad FF £oF
o Ofcom®] &= o3 vlge EHe AEY olsF4Ald LAY 4%
Al(short range wireless) w°oFe] Eg|go] 714 BE& AHAOZ 4=

o E3 Eﬂﬂ /\JE/\]A Eaﬁ.ﬂo] i—z—o}@l o & '?:4 Ef g HEA(Femto



1,000.TB
F-‘_'_.___..-ﬁ—"“""‘
'IW.TE- /A_’r{:—:u:c-duzﬂn
"2
10.78 45" —me
-l
2y = _-"__.-FF =
1.7B - —
.l"-'-;r--‘_-
W |
F ™ ,r"' e S it e __:_,_--\—_1___-.___,
0.017TE -
Mm-mm%b_ﬂ
0001 TB

2007 2010 2013 2016 2019 2022 2025

a
—a— Shon Range Wireless
-o- Broadeasi Radio
—— Broadcasi Television

== F ] VWireless Access

(A8 & A]: Predicting Areas of the Spectrum Shortage, Ofcom, 2009.)

0 Asde) oleds 2 Arle A

o u]=+2] SSC(shared spectrum company) SolA Fa= o] & FS =A3 2}
of o]s}¥ UHF F34=9] o]&aFo] ¢F 15% & Ri=il . 3HH FCC
NYC(New York City)o|A &=A3F 259 95t 30 MHz~3 GHz tj & 9]

v A&l 13% 9.

o WA CR(Cognitive Radio) 71 & DSA(Dynamic Spectrum Access) 7|&
[e)
&

g8t Fueaed] o] 8a

Avetage Ouupmr.ay
P a8 a

= = - o
| P ] [ |

O

(29 3] F35 o8

i\

8

2 $4A2 Bart 9. (29 3] 3=

8 B

Avarage Powet
8

Frequency mn

MHZ

(52 M. A. McHenry, NSF Spectrum Occupancy Measurements, Project Summary
(2005), http://www.sharedspectrum.com )
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2. )l & HEYl S¥

[0 CR7I&€Y H&
o Cognitive radio 7]<< 1999d DARPA®] A& 3382} (consulting scientist) €]
Joseph Mitola IIIo] ¢]ste] A<t

o ©]& DARPAC XG(neXt Generation) ZTZ A EEZE Az o7 7 7@}* 01
=18
=

€ 7)< (time, frequency, space & network agility)©o] 7

o AYEgoz= 2004 11¥ IEEE 802.22 WRAN(Wireless Regional Area
Network) EFS A&8te] 20119 7€l £FS 45T 4Ao|a, ECMA
ol A]+= personal/portable ¢ ECMA—-392 ¥+ 2009%1 129 A A3
2. o= IEEER02.11af ¥} IEEE 802.19.1 ¥5+% A8 Y.

O CR7I<4 44

CR7|&2 283 o] FHY A9aPdS S4/E4(Observe)sto] 71717}

AZsta Qe AR Hlw(Orient)dle]d AMEE AHEZF oW o]

update(Learn)stal, glo™ 7129 HABRE EU & o] & st 4
aL(Plan), o] oA ¢4 9ol wet AdS FEsAY s 2 g2

B (parameter)E A A (Decide)std T2H(Act)ste= W2, [29 4] #=%

o

[23 4] CR 71719 & 94

Orient
Establish Priority
Infer on Context Hierarchy Normal

\ \s Pl-'ln Generate Altematives
Pre-process fomatis (Program Generation)
B Urgent Evaluate Altematives
arse

Register to Current Time

Learn \
W o
Decide

Save Global
States

Obsel've

Receive a Message

Read Buttons

Allocate Resources

ACt Initiate Process(es)

: Send a Message S S

Set Display

(AAE&A]: J. Mitola, Ph. D dissertation defense materials, Royal Institute of Technology, 2000)
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O CR7I=9 &8 2o

o CR 7l&2 = 2okl 7FE A3 . A FZolMe 8o M=

o O
ool Aol AHE HaSHEA ok FAL FA3 Hux & @
B4 A% AR Gamming) AN AW A7 9= vdon 53

(hopping)3HA A BAL 3= CR 7]&0] B429.

(2" 5] & ZF £ 7133 o]&7|& (time, frequency, space & network

/)
agility) & -83te] 9 Aol A& FAL AAtE A9S 1}
Ehd.

[Z" 5] CR 7|9 =% &

Global Electromagnetic Spectrum Information System
(GEMSIS) oVv-1

e

1
I
1
{
i
S
© Integrated Weapons Opamtions
Sensor Operations
ic P -nh./ Enhiscced

Integrated Spectrum Mission Planning
Global
; Information
- N, Grid
OparEiicn: % - sy

o CR 71€9 T thE &8 Folx= UWB(Ultra Wide—Band)ZA 18 6] =A|SH
vio} o] ~HEH A g o](Spectrum Underlay) f@o 2 AHEHS o] &
& 4 AUF. ©] B¢ PU(Primary User)7} EAst= 4% &5 1HA4o] HA s}
22 UWB 71717} DAA(Detect And Avoid) 7]%5<S H-3t A4S 3]s}
= Al
¥ DAA: UWB Z|7|7t PU A5 E AESID 3|Tlsl= 71S. UWB 7|7|= SU ZM &g Fof
£ AEsP7| W29 siE oo PUZL &XistH CIE dH|o| Y= L2 ALREsHHL
X2EEH 52 0|&510d siE PUY| ZHME FX| &= 5|1 7|2 Fd|sto{of &t
o UWB-DAA ®aL vl )&= & AdE AEdS H3sle W =X2H
(Notch Filter)& AF&3t= W Tol & [1¥ 6] F=x



[29 6] CR 7]&

20
10

-10

-30

-70

o]

iPower

A%

9] UWB 2 £& 2 ~#HEZ WA} vupA =3 (Spectrum Emission Mask)

.
Videophone
CAM =
=
HDTV

Multimedia
cell phone

Photo Printer

<UWB 7|22 0|83t X112 | EAI>

o

B80z2.118B 802.11a
Blue tooth Other HiperLan
Services New
ISM Band 2.6 - 5§ GH=z Unlicensed
2.4 GH=z - -~ services
’_/ /,4"‘ 5§ GH=z

I~ FCc uws

—~ “Iindoor lim it

F 5419 SON(Self Organizing Network)2 FH e A3 73S =A3sta] A

~Ho] 22 dgtu|gE A4 A 3FS$se 7ls2 A P&P(Plug and

FCC uwe
" Outdoor lim it

3 4 5 6 7 8 9 10
Frequency In GHz

<UWB Spectrum Emission Mask>
(ZAAEZE A FCC)

=

Play) 7/ld o2 wdsi=d 240 He 7e[19d 7] #Fx%

o\rl

Z=R3te] 2421 32 vlglnE

4—3—/«1

ANH A" FAS A" AR AF&H 5
L2 W (handover)E 93+ AF 7R = F2E, B3} 24, :LE]
5 AFow 2A.



[329 7] CR 7% o554 &4

e . |

-

| OMC ~S&_

Coverage Optimization, |
Load Balancing

(A}8=*]: NEC white paper, Self Organizing Network, Feb., 2009.)

EPC: Evolved Packet Core

- OMC: Operation and maintenance Center
UE: User Equipment

eNodeB: Enhanced node B(Base Station)

o SU(Secondary User)Zx4] WS(White Space) ©]&
—H3EE W PUVL AFESHA] & FI4E 7|FFH o2 o &

—CR YE Y = 3t 7|¥tZ(infrastructure) S +=3st= A (dE &9
IEEE802.22 WRAN) S} 71827} 9l¥ (infrastructure—less) W (d & 54

personal/portable device)o. 2 thdHE [1¥ 8] =

g anary Nelwarkq
S

= ;R:hatah“\\ g

spectrum
status

1 Wireless
Sensor
- MNetwork

repoTis on
spactrum
atatus

(A2 =A]: Cognitive Radio technology and Regulation Workshop, Brussels, Jan. 2010.)
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O CR7I&9 #F3)

o IEEE 802.22 WRAN Q17+ x7} 1.25 person/km2 FEQ Al FA ¥ (rural
area)dl FUG MUI2=E AFsr] 9% BFoZ AMH2 AW A7 H
33 km%. FCC ET Docket No. 08—260¢] 1143 AH]~(Fixed type service)
of &FE™ TVWS(TV White Space)E ©o]&ste H of YAH
(point—to—multipoint) A®lZ2 A& [ 8] IF=x

=

[28 8] WRAN AB]Z2 Ayl

J@ i
I R O A

L Typical~3%m

Wireless y . Max. 100km

A :WRAN Base Station"'™

@ :CPE

(A8ZA]: C. S. Leem et al., "Spectral Efficiency of WRAN spectrum overlay in the TV white
space", ETRI Journal, Vol. 30, No. 6, Dec., 2008.)

=
=

J o

o ECMA—-392 E%% FCC ET Docket No. 08—260¢] personal/portable service®l|
AFE 1, vy 2EZ W (video streaming) ©JvF QEY A& £E= Ho A
FAlo] 7hs. B % £ 100 mW ©]3te] A=" XulX A)F

o IEEE802.11laf =2
TVWS7}A] &+

= WLAN AH]2~2
AH| 2=~ AWM YA E oF

4 GHz/5GHz t] 9ol A /\} 3}
¥ ,ﬂrE/ﬂoi 2l 5}d]

2
93 xFoz TVWSY 43
3—4v) g5t = 9= Aol 2

rﬁ e

Ulo
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Fagol]l DSA 7S A&sts A& &2 1

o 20008 XG (neXt Generation) ZEZHE 9} XG+Z2AHAEE &3} DSAY)

O

3k Adr)sS A

Fg F34=(175 MHz ~ 5 GHz)E AW st=99)E AA S, CR 7]
2o Bg3te] Hlo] QY YIS o] £3le] [REES02.16 WiMAX AN o
2 52 dA APt = WNaN(Wireless Network after Next) ZZ A E
00 MHz ~ 6 GHz)= % /19 =7} oj=3 % (ad—hoc network)S &
o] Axd 541S ste 7le A [ad 9] #F=x

03:1

LI

[2¥" 9] XG 3t=49f

XG radio (2006): An XG node consists of a computer, an 802.16 XG radio (2007): > 25 units, 4" x 4" x 6",

modem, a transceiver, an HPA, a GPS unit, and antennas. Same features as 2006 model except

Frequency range of 225600 MHz. increased frequency range (175 MHz - 4.9
Display showing XG operational state GHz. Available 30 2007

Rockwell Sensor ~ RF Power Amp

E :‘ RF Enclosure

GPP with
802.16 modem

— GPP with XG
3. agorithms

225600 MHz RF Transceiver
(located under shelf)

AAgoFE 20043 %] FCC7F TVWS q}s-}oq HlE a2 07 BEASHE
% =i

ET Docket No. 04—186& Z%3F o]
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O

dE 7|=/MT &3

[29 10] 3} 2ol o]F oA #Hg= Avl2(seamless service)E 93+ B}
A3 PUZF AMRSA] &5 A% SU 24 FH5E FH3te Yo = o
R=N

olF oA #BHIU= AHIEE T BHYe== CPC(Cognitive Pilot
Channel) & ©]&3}a userd FHo| A= UWEYZT AHE g2 HbolA
AMEslal, SURA AFESHE 28 TVWSE A dw<soly txE Ale]uX
(digital signage) ¥1l & T2 WEE&O = ALE&3t= Weto] AEHI 913,
ool #EAR+= AHIA2E Y3+ BJoe=Z= CPC(Cognitive Pilot
Channel) S ©] &3} userd FHo| A= UEHZ HAHRE g2 o}
A AFEEtaL, SURA AMESHE 28 TVWSE A 9goly bAg Alol
YA (digital signage) #31 5 FZ WH8oZ AE83t= Weto] HERHT

o] o
DA -

X 12 seg7} 244 HD TV W%
= TERE o|FAA . O] HJ@,Q AL Foi olsWFolA HDTVe| ©]
27744 FY WEHeRE AFo] Jbedtal, OFDM &S -85}

SFN(Single Frequency Network) TAo] 7teE.

Ao e] TVWS o] & dxl T = onesegE o] &3] A FJawt
Foly gAE Alojy ] wo] &8 9l [2¥ 10] =&

(29 10] €& TVWS o]& A=A

Current frequency b Frequency
allocation method i--1  (not allocated)

. : ] ' i
I System A ] | System B l 7777777 | System C | ty
;; Freq.
cwc @ ASTRA
SystemA - oM B SystemC -y SystemA  --SRME L systemC oo :
1 e . | | o] >
Freq. Freq.
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(2" 11] €& WE7]s 2 TVWS o] &

ISDB-T channel, segment and program allocation

UHF band: 50 channels
ATOTIHE @ MMz £03 MMz asEHE  FIIMME 790 MG radoa V70 MHz

13 ch 14ch. 15 b L\ &0 ch &1 ch. 2 ch
) J

(5,617 corners / chi)

-— 1 cegments ——
E] sia | ws | sr | x| o | 3 [ me | s | ma | me | ose | sie | mr sas | = g
Y
—— -
430 KHs goard band 5.57 MHz bandwidth / ch. 430 KHz geard band

428 WHE batutwdid, ¢ segeoent

MWL 432 carrbens £ segrosnt)
lseg prograom (single segment)
12 zegments HDTV program

[ ] | ]

8 segments (Mid. DTV) Pregrarn SEDTV program

SDTV program 1 SDTV programm 2 SDTV program 2

4. M0l X AIAHY

O 71e 2 AA olg
o AMAAe] FhHIEe] HEH7] dANE T&o 3744 ool UE AE

7} B

o AZH FENE M I ALS BRI ANM g WA Ao

of & ol PUSH SU Zhl hAlgle] 32 4 Y=F 7eA o] 5ol
ol

of 3 m=ol FCCAME TVWSE 7jwtatdA o

test) & T8t ZerlEs A, 2FEY A4 Vervteze HR0
=371 o9 dleolE Ml o]~ (database) & &8st & s

42 )
o A =9 A7 AF: AAAL 3 2 dudS HHS] ANAE A
& B =Sie] whHsht A A

Sa o Fol Aldstofof ¢

filo
>|'l_'4
e
o
P
0,
N
)
V

o Mulx ZFEA: oJw F79 23 A& (secondary market)

= g 8% olFE AFY &7E TES| WYt MRlATEAAS B

—_



H71 <l
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<
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1

°
il

2 9
AN Fhs A

Ton
oo
o

ol

Ho

A8

=3
"o

Jo 2 TVWSe|A super

S}
.

2 Uolrtol

AAAH AR 79

T

=
o TVWS Bae woly s} 53t

G
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)
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Eays
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°
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Ll
. WSl Smart ITES £3F Smart Korea 738", 759748/ X, A 183,

Sept. 2010.

2. Ofcom, Predicting Areas of the Spectrum Shortage, 2009.

co N O Ol

M. A. McHenry, NSF Spectrum Occupancy Measurements, Project
Summary (2005), http://www.sharedspectrum.com

Mitola, Ph. D dissertation defense materials, Royal Institute of Technology,
2000

DoD, DoD strategic spectrum plan, 2007.

NEC, Self Organizing Network, Feb., 2009.

Cognitive Radio technology and Regulation Workshop, Brussels, Jan. 2010.
C. S. Leem et al., "Spectral Efficiency of WRAN spectrum overlay in the TV
white space", ETRI Journal, Vol. 30, No. 6, Dec., 2008.

DARPA XG Program. http://www.darpa.mil/sto/smallunitosps/xg.html
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Tl SECWE SNE BTk

( ]
BB

TAOfstn HEEA SIS was

ot ITU-R G172, EEAFICHSE Post-Doc, = Yorke LSt HHEu=
[ 1
L 2%

o 7|EQ| Fht 3|/HX|S| EM|T S 4510 0| Eeistl, Sl0|EAM0|AL
220t 2 HE|O|C|0SAI 8 29| =T|£0] SDR/CR, 1A ZHd=|m| 3 FIf
F20|8& 7|21 ¥= ZHY Y LTE-A 7[&2 123 Oj2fe AHEH
S| Mz 7o 2Eost AEY.

o Oj2io| O|ls8AAY S 2HY AUYS Fost=0H & Hghd AHEH
StH7F Ao, ZUE o R e Els AHERY SHE= IV A4t FXtof
SRt QMEEE JHH7|0f X[&SH0|H FHStD ofF JHsStHAM Lo
717 Ol &l AHER™ ME|N = B A|ABORE JJEE|0jOF 2 A Q.
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o 2HMERE oJFFA AN 1 Fagol Bh AAT glov], T4 A
NAE 71 FaSTL A Y Al AR, BASAE A, A, Htel
AGs FAE BLE e AFH T 2 AU
- BEAS AT AN FEFT AYY 2NEYY BEE LE AP

ggsta olrh olFEA FrW AFAHE

EHOS'UPO] o]EE/\] 7]33301] J_ﬁ}l::'- o]
Aoz 71 =83k 92 900/1800/2100/2600MHz 2 800MHz t & o] ?_VH]

=,

o T 2rEE JIQIARE &3] oF 2,0005HE A 20151 oF 4,8007H ] o]2 Row

Pd=aL 9lom, Holy EF

50,000 r (H9)
ffole] E2fE

0000 - HEZ 197% Y&
30,000 [

20000 r

10,000

o=
m
He

& A 197%9) AFES

H
=
{rt
&
B2}

Z 10 ) 171 E
EOIIHE) =t [f0]E

2 4% A%

RS

| EA4(S

400,000

300,000

4 200,000

1 100,000

2009 2010 211E

— WA B mE Fos
380~460MHzZE o|d= i

_18_

%,

S Holu e [’ 1]

Pz

flo



an) O MH B
800/900MHz 70

w4 9 2)

m
_)J‘_rl
J,:

o 7Y o] F2l Aujze AZ2F HY, 2to]BH 29} 37 44t LTE(Long Term
Evolut1on) O|FEAIN R AE SKEHZY LGHZ8|27F 79 193E AAE A9,

o ITUAAE= WRCO7A IMT 34+ Eujst¥ar, ‘10974 IMT—Advanced!l)

EF3E g3 = 129 R E IMT—Advanced AH]2~7F X3E o o)y,

Nokia, Ericsson & % T4 3GPP %2 LTE—Advanced?) 7|2 7|¥te 2
IMT—Advanced ¥R 7|29 FHE I T A+

— 1wz Z4)9] [EEE 1< 802.16m 7|¥ho.2 ‘09de] A% 7|&717 HFss
283l IMT—Advanced FH 7|2 A¢tdlgon, Y dAe &AL
A|&3h= 3GPP LTE—Advanced 7]1&3} IEEE 80241 €< WiBro Evolution 7]
AHAI o] EFAl AR ES SRt A FFEStol| vkl Sl

ofr
)

Astol§ Fobe] WHE FoiHsh 5 71ES) olFFA Wrk opje), BH A% 7]
wER, B2 PO HAE, ALY, A9 717) S gAlss A olgol
5

=] o
ekl A+

— F ABYloly FALAN & MulAE Alfez 2akd QIEUl o] 8-Atke] F7tdl)
ofaff FAdell <Jgh JIEYl HEro] Fantt AlRtel] BAIgLe] AR} Aot BIXU 2o

]é}o] ;‘QE -7 01.9_.

o AIE o] &gF AMulz, AlzFle] AjRo] TS gHH, 71EY Mol AH|Zx,
A2"e] 15t APH e AeolA Fag Fart JAH st Qo) A

o] FaolES A% Fu BV 2 ol wEUE Fa3 AV} Hi s

1) IMT-Advanced: 441t ¥4 Sy EF
2) LTE-Advanced: ETRIZ} AA %2 /HE3F 440 o] 55AIA 2~H



2. XM OISS4 0= SiY HE

[1 ITU

o ITUE 3GZ IMT—-2000, 4GE IMT—Advanced® AS Egs] HAsd RS
IMTZ ©d3H(WRC-073]9])3}aL, w4, o8, 94, Em|H o 55 A5}
A3 o) EAR FuTt 2097HA] 1280~1720MHz Zo] AQFE A0 Z o =3}o]
IMT& FarE FAHo= #uig [1" 3] =

(EFA: BEEAAL3], AAE7 A )

o WRC—-07914 <F 400MHz 3¢ IMTE F3 'E‘HH—_?‘«, 450~470MHz,
698~806MHz, 2.3~2.4GHz, 3.4~3.6GHz 9= IMT& 2%
JFFAG Fos F/HHRA] FAGFS AFHT 9

450~470MHz. 470~806/862MHz
« X|HER CfE Foieofs X1
* M SSHH2E X1 E - H1%I% (S 01=2|5}) : 790~862MHz
+ REE UMTS-500, MEE257], ZH0| = MEHEN - WOl) | 98- A0BMHz
TRSS0| AL S0I01M AH|A &hatol 2| - H37I2(0bAIo} SMORLIOR): 698~806MHz
- ATve| DTV HERl2 £ M8 7ts
. axiy
i AN awusas
2.3~2.4GHz N\ 3.4~3.6GHz
; sggfﬂiﬁﬂjﬁg’ilﬁlﬁlﬂﬁ Ags it ‘
’ ZAIS «OIF, 2{Al0F APT S2| BICHZ TAIA
RI2 [ MEO| T AHIA 2 p o
JUVES NI BR0ATN=2S0) | zmejey o ym
. (2LH) WiBro i - (SU) SL SSSAHCHS
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O ==

o 74 B o] &S A AF 10del ZA 500MHz ~HEJS FFHIE
Qutup gEHo] A 715k Aletel]l W] NTIAE= Ten—Year Plan¥} Tlmetablei
109 8490 WSl Freee) A4 % 2 HEas Al 20Es

< xRt 28 AA

LIS

o
ot _1

=] o
ShQlstal .

o NTIA+= PPSG(Policy and Plans Steering Group)—SWG(Spectrum Working
Group)$} &7/ wjeld /52 v]AW(non—Federal) Ao 2 A2 317
A%t 1500MHz Z2] Awre] wjeld/Ff/ ~2HEH gIS 3 F1] 3=

[ 1] #4352 Jdi/F/ ~9EHd g9

T34 O < T A /ol &

(MHz) (MHz) (%, v, FH)
406.1-420 13.9 A
1300-1390 90 A
1675-1710 35 olul/u) A} o
1755-1780 25 At
1780-1850 70 A
2200-2290 90 A
2700-2900 200 oy
2900-3100 200 oAul/u) A} %
3100-3500 400 Au/meln 2o
3500-3650 150 A
4200-4400 . e

[4200-4220 & 4380-4400] 200 A/M A A
gl 1473.9

(A First Intrim Progress Report on the Ten-Year Plan and Timetable, U.S. Department

of Commerce)

. e
8] 91z} (factor) 2 FH AHAr 2} (descriptor) & 7fEHelFG o™, & 29] A ¢
Azl ZASt FCC—H3 F4 B Al ="ls fa v Ao A4
k=t 6709 tig ] S vt 2ol A% R 2] =

1. 1755—1850MHz

1695—1710MHz
406.1—420MHz
1370—1390MHz
4200—4400MHz
3500—3650MHz

SO s
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T meE
» AT AE T
7S

- AR 2eEY

« AHjx] H]E

« 109 A &5 s A
875 wAA e o e

O 4

0o °]FEA B APz i AHAEY FEEAC YEEEE AT 10d
Ax FHe e F7FEo] UMTS(Universal Mobile Telecommunications
System) MBIAE 93] 2.1GHz 92 @ or, dA 2.6GHz S &
Zol ok g7y, UMTS9}F o] %] LTE Mul2~E 93] 900 2 1800MHz thY]
7pde] she] 4 SHER # EdEgt & ¢ s

3] & #9S 952 ol55aE 74 Fo5 g 2 A o} 7P g
Al 7S HoE.
3£ 3] 99 olsEAE T4 oA duty 7%

T gy 7] % H| a1

450MHzt NMT ol ooy 450MHz H9e o]x Ao Ax AHFHA o]

(453-457.5/ QAT v=S A3 BE XM olFE

CDMA 450 .

463-467.5MHz) Ngow G

fredol DTV FFdde @z 713 A4
el w2 @ oofAle} REFE T)AY wje
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71 & EALS Quantization FE.
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o AACS] Huffman Coding ®'#-& HIo|HE = 29
&= WHolal, BSAC oM<= HlolHE 3= ad=
of dlojgolA 22 zele HIEE HoHE wEo ¢
= dolH ¥she d&5AQ s4Y9s HoFa, F
&1, a9 HERZ SAYFE Forrl oA 7F BE ¥HE Fo%
T Atk ek gEE R oY BEo] AAC o Hls| &83.[4]

O DRM+ 292 H353}7]

0 2009l AGHo] 2} B Q S Eesh= 174MHz o]8fe] Fulao]

I
o] 7l58 DRM+ W2l AAC, CELP ¢ HVXC 37FA1¢] 2t]e sdo] M

7FsstH, SBR J1EZHE Z#3slY 4HE8S TUAZ & ds. T AACE
s
=

2 35Z0] Q=+ Au|2d, CELP9F HVXCE il

1o] @75 %= 77

g dgEeay 5 ovins A4 Ausd AFE. 55 134 AHLE )

=

AACRIF &= SBR ¥ oz} MPEG AMets= =ua} pS Zdlo] Aeld Agw

7Fsstm [27 712 DRM+ 202R15T|e] 728 HAF.[7]

(1" 7] DRM+ 209 Q=)o %

MPEG Surround
Encoder
{conf. depnd.)
SBR Encoder
(configuration |—w AAC —
dependent) Encoder
DRM/MPEG
PS-Encoder
(conf. depnd.)

: : mux &
Audio- L L M ¥ Audio | o hannel
signal = Encoder super framing coding

SBR Encoder
&———— 3 (configuration
dependent) |
I |
HVXC |
*M  Encoder

o SBRE 239 oF 2KbpsHE2] Z& dHoly =
A F e 7Heg, YL BT A AAHE =
TS aRFoR FEote dojxl FRE AFFoEHN, 2TQ HF A] SBR
HE B37]o o]&sle] B 3dd efe 2sE AT F s

Al

=]

0 9Khz ©d @A v]~2] A-$ 2kbps ~ 34kbps7F A QH 1 2x2192] A% 74kbps
A% 971x 7F5E. HVXC(Harmonic Vector Excitation Coding) %}
CELP(Code—Excited Linear Prediction)+ 448 Au]29 3¢ AAC ==
AAC+SBR2 5o SopMullol A =, 9Khz @ AdAul=e] 7+
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= FM SA@AXH A7} 7V538a HVXCY A9 2~4kbpsE S4

= 92
£ AEe Mul, CELPY 3% 8kbpsild S48 &4 Muzg A9 b5
H

=]
R

[29 8] &2 AMH|~=E fgk DRMt 292 H- 3537

HE-AAC »| HE-AAC | Seniog o
L . encoder coded audio I ceieridern - cororeosignt
= e (mono/stereo) + Front Left
S MPEG -+ Front Right
C MPEG Surround - Center
RL Surround S;lrpr;'t?;]d decoder |+ Reoar Left
RR = encoder IfernaSon (opticnal) ——» Rear Right

4. OIX|& cif]l®? Q002 JY9OF A9 USAC

o & Ao DABE HIEste] DAB+, HD Radio, T-DMB % DRM+9] 20jQ H}F

o sl nAREelel dsl wEsAE. TAY e A pANLe §
W3t vl 5 AW B govl, gATel Y= ove mYse wE

TARF7EEEA W 7I7to] A8 EHAS

o ZH= @A HAE L =9s 93 =Fo] o] FoX|1 gl=H], vAE e
gafol] tig AEE 1990978 AR AL, 2009~2010 %= B4 E A5
Alusty] §13 Agdol sqE v dle. dAle "AE Hue 3Ed 3
FEEE AR =7t A FTolv, UAE e W AHe A AF B ehe
Ao FES s

o AFe A = Ay 24, ¥F o4d 2 AYH vw a9 5 udd A
FEo] o] ZgHolof & Aojn] kG AP EARA v 94
Hre WEe] A 52E Aesh Fu 58 SOl Adie 9= WA o
A e Fed =dE Hpshs 22 ARolERE ATE AEo] 27
=]
=

0 USAC & &7h5 A4
o USAC (Unified Speech and Audio Coding)< ¥

=
[}
HAst e BN F4% 5oF ASE FHHCE F53) de VRN
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derte] wAH/2EZY, eHe &, tAE e, Euid TV, UCC T
g8o] 7l AoR 7 USACE A3+ 20103@ 114¥€ CDE <9I
H vk glom, 2011d F FDISZF 5912 oA <.

USACE 347 ¢ As 25 g8 3 325 Algste 7=z, J4l &+
A B35317190 AMR—WB(Adaptive Multi—Rate Wideband)+ ¢} #4l 200 B35
317191 HE-AAC V2 71&S 7|¥te g 7dEo], Ay 253l whajog AAC,
ACELP, TCXE o]&3}a, vty K538} Wkl o g SBR, 2HH L H353} Wao
2 MPEG—Surround& ©]&3lY, Fi= G885 53 Ao = Hrig.

E o] &3 FHAA A7 FAEHIAT. USACY AHFHH7E ofoldle 34,
=+ 48 2 59 EFE A7 aEe R o]FojA S [ 9]+ USAC
RM9Reference Model) 02] 2HH o] it AFHH 7} Ax=E HE-AAC V2,
AMR-WB+¢} vk A<,

7b A 16kbps 7 ASHA USAC o] HE—AAC V2 ¢k AMR—WB+ Rt} §-
8k, BIES&C] 32kbps 7HA] AsH= Y USAC o] AHHoZ 9k
64kbpsollA] USAC & HE-AAC V2 Ht} Zashrl $53 H5& A8
™, AMR-WB+ = @AsH F4o] Astd As HAF.

[715] 9] USAC ¢ ovle &4 H7} A3

81.4 , 81.2
B9 .8
67.9
i 64,7
i 60.9
{ L 59.1 &7
| 50, o 5. 50.4
i i j 982
| 421 j A2.5
il 1
= OhD
g | =z | 3| g|g2|as|8| 2|5 8|2 |8|s8|=|s
= = = = = i = = = = (] =
3| s 7| & 3| 2 3 | & g | 2
g t | £ | B s | £ $E £ € £ £
= ES = 5 == = = E= = = £ = = ES =
G6dkbps Stereo FZkbps Stereo Zdkbps Stereo 20kbps Stereo 1bkbps Stereo
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N

=g o] 7P £ HE-AAC V2& e 7e=2A4, o FFHF7}
NN B 5 %o, A7A MEd v 153 W F M 53 4=
2ES 7T e BT ARIES 34 IRES A Sd4Ee 5o
AEE BF 58402 45T & Uvke Aol Ao, FF wEEA £ #
oA B8Ao] Hol'd AR o, o] ofire] Iuje] AF7|H B 4
AA o] EFst &5 S GASH] witel] F Fur|EY ™ [PRY FHIL
71 . [8]

HoFa o] oF 25%9 HIEZSo] ZthHS
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g el 2duEt e Fuk ALY o8 8855 SHATIAL A 29
1Es] 7 F As AR V|dE

0. AlAIS

o B A= YAE
2

te WA oo WAS wzsta tRE gr]e Au
FAA e} F3) B
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USACE 24 2 Zd4 £ohs 5 AFAY SAMuss nEde] 294
2o ANz $8F + Qom, E erle e mas JuEos
$E Fu B2 2 AL FAFAL. e AEA =QEE OAY
domsel A8 A 4T U5 FAY BEANAE AT FAFE &
2HOR $8F 5 o] MYAT Jow Bug

o Bt} FAIHo 2= Fu4 88 WA 32kbpse] HE-AAC V2 AMBIAE thA]
& A4 oF 25%9] Fypr o]8aEC] THE ALR V|dE= 5 USAC °] A%
2 Ae Fagol 8] &84 Suivt 7idE
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oV, HAREHL W = B Ve,

EZ B ©@2719 o] golsiAd H e Fa3trlel thik reRe A3l

o PiXgo FuelMe] USAC & 23S 7kox USAC #4® vxd #
Ue MEE SR 2 9] S B T /195 T4 Z4Ye] Axn
He] 5% Z) A} U Ao /g

(&3]
T

A 8 vlplSAN, SEplEests] AN,

2. ETSI TS 102 563 V1.2.1 Technical Specification Digital Audio Broadcasting (DAB) Transport

7.
8.
9.

of Advanced Audio Coding (AAC), May, 2010

. HD Radio™ Air Interface Design Description - Audio Transport, REv F, Dec, 2007
CuksE 'OAg oo ¥ ¥ etje 24 wrl' TTA, 2009. 11. 25.
. Radio Broadcasting Systems; Digital Audio Broadcasting (DAB) to mobile, portable and fixed

receiversETSI EN 300 401 V1.3.3, 2001—-05

. Stefan Meltzer and Gerald Moser, “HE—AAC v2 MPEG—4 — audio coding for today’s digi—

tal media world”, EBU TECHNICAL REVIEW - January 2006

ETSI ES 201 980 V3.1.1 Digital Radio Mondiale (DRM); System Specification(2009—08)
B78%, oz, e, MPEG—D USAC #53} % 4 7I& 34 B4, MPEG %3, 2010
o[efzl, 7%, 7% MPEG—D USAC ‘58 +4 2t 33538} 7, 3533813 A28d A7E

10. W10047 Report on Unified Speech and Audio Coding Call for Proposals, 85x} MPEG meet —

ing, 2008.7
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1. Ji8

4

O 2000 B7] o]~ghEollA dil MAIRE415]e] WRC—2000 (World Radiocommunication
Conference—2000)14 7+ FHHELS Zh=re] A 7|dS0] 33 2 AQd+x
(PPDR: Public Protection and Disaster Relief)S 93+ X ZAlo] t3l &
7F SHET e @4 Tt i

o FFol= 1% dlole, Hrle, Welrltle] FAlo] 7Fsdt JIBTE Mg tISE Aol B
28 4T A9 7} 20 RS Fuisel] SE I 8 ATEE 919

AR EATA B AME Faie] £0] Bade sk of AR A7) Fojol
WRC-039] e}l Aa)e.

o o] A= SAdelMe] B 8A%) At W SHEEAE g A A = A9
T T S AESA Hllshe AY.

o A7 FEAIGS—AuEA] [TU-R (International Telecommunication Union — Radiocommumication)
oM AeJslal = T3 At HIFAe [ 119 2=

[¥ 1] PPDR AIEA2] A9

T A
Public Protection (PP) | 3 &A 4], 711 A%, AitE I 1158 s AdA
Radiocommunication | & 7]3&oA A3l AIGEA

o Relief (Dpy | V8L 71591 A7ke g3 Algsel AW, A%, A 2 8o
tsaster Reliel (L 2 ggoe] A, AAAE w= <l BEo] o WIS
Radlocommumcatlon o] ﬁ'ic}"% ZE?:];X]‘E 7]57{1_ BE'E‘ Z %

(Z£*]: Rep. ITU-R M.2033, 2003)
O FTEH 2 AR YT 58S AYER= PPDR HulEAle AMgAl @A =0 W
kAR FAl Ao} FHEEN Rk B4 /\1‘3‘]/\9} ApEslE AEIAEA Ao o B4
o] 7F=3 aEEsSL 7AE WAl A vk AF E3) 7153 DMO (Direct Mode

=]

Operation) 715 o= & I A=
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[¥ 2] PPDR 35419 ALgA 2TA

+ % &
Al 2= Hl A &[S /04 Arja A, =9 A, PTT, 25%3h PAY &
X o end-to—end &3} FAl
v & MR 55, A4 A, 48 s T3 A28 75 H8d4d T
AlvE] L ol FANME EAZS, AP A] A3 A2 L1E =
BT 8 Y % o]F A&E I A4S 84, PPDR7I# 1F 4 24 &

& Ak 24, ofF, ool S 59 e mE
q

e Au}EAS T3kl Aedwol webr] Narrowband, Wideband, Broadband® 255

skt ks,
[3 3] A% &=d w2 PPDR A9F4l 7&
T W & A% &= A A 2zd

Narrowband | OXd 43 A< delg AH]| 10750 TETRA Release 1, APCO
(NB) > AF kbps P25 Phase 1 & 2 &
. Mo As L QAEY 1w A
Wideband Az Az ge Aus o 384 " 500 | TETRA Release 2, _
(WB) e kbps APCO P25 Phase 3 &
- [e}

Broadband | 334 % ojujx] Mg 2 HE W] 175 Mbos
(BB) tlo] Aul2 AT P

(£*] Rep. ITU-R M.2033, 2003)

o ITU-RE At 24 A] A AAIE 72 B5-S 2915)7] 915k PPDR A59E4)

4=t Eal o] Hadel wEpd WRC—20000014 “FgHEe} A2 55 913 ¥
AAA g5 Fak Bl thEE 52 22 si8is.

18 3% =}

o HEF WRC-03¢] SAZ A 1.3 77 4ot AT goii Ajzoz 258

1E % ke Tl tie} A7 s,

(0]

o old] wg} WRC—03 el Z22] 6462 53l A9 35 FIE5 sl 7+ 34
o] AFE-S A AL Aol o) PPDR SHdo)] IMT—2000 (International mobile
telecommunication—2000) Eg A8 7P} Wol ATE, Fu20kd 2Ao MAR 3=

O O v T
Fol A e sfsle.
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[ 4] ITU-R HAx AY¥ F% PPDR F35+ Y
A 9 Fo gy H 2
1 A9 _ o
o 380-470M 380-385/390-395Mkz0] 41 e
%)
2 A4 746-806Mz, 806-869Ml, Hy|F A= 380-400MS PPDR W<
(") 4,940-4,990M o7 AA
406.1-430M, 440-470M,
3 Ay 806-824/851-869Mk, QI =7}= 380-400Mk, 746-806ME=
(o} A oh) 4,940-4,990M, PPDR tjee= A7
5,850-5,925M

(£x]: ITU-R, WRC—03 Resolution 646, 2003)

0 WRC—03 o]% F& Ful= v ¥sls B T3k, oF B4, a4 gﬂo]lj PP
E3)

3
S8 5 WE Rolli] Faire] 277} Zkka glom 53] 458 71719] Agol 45
Sl 3718 Aoz cpgslm] o)s) B FEINL S8 Tk B ST FAI.

[Z2" 1] WRC-03 o|F F3 79 =

G60MNz

S00Mhe

217Me  SoUMm 300Mrz

i olssy ol'{:.*’i!III)IIEI

o =7} 7k =S #3F PPDR A4 oA 3EF=sh= 199819 7H&H%E TETRA
(Terrestrial Trunked Radio) World Congressol|A] o)s gthHel] st 7|e1+4e] 7S
FHIZ 319

o 2000 de]] m]=+9] TIA (Telecommunications industry association) @} 752 ETSI (European
telecommunications standards institute)”} PPDR S48 ¢J&f] A AlA|Z o2 8- 7153} o]
= S T)erd ARQl FEekd sledg] Z2AE (PSPP : Public safety partnership
project) & HelalSa-

O 20013 HPG 2 QB8 o5 (MESA : Mobility for emergency and safety applications)
Z2AES HE FeklHs.
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© PSPPOR Al S ofF Gt vISH B3 P ATAORE MSA
A%, 7kEe) Wl SgHololol s} AERES Aglalor a1 AETHl oNE }
f2slok 5. 7K o) AR Fol tlelake Fellololot 34 2 9] &
22 22D ) B oAl 2 THSelok

£ A AR FUE Sl tigolofok i 12w olsds HAY e
Fujrolofof 3lar AFFOE o] Hal 3 27| Wgho] 7Fsdke] o) o= )
TEo] 7Fsd F4 Ad—hoc UIESIZE A sliof 3.

TR A E s

FEFsfelaL slal 3l

AHEA TES SslA ol 3 TH Tees =35k

F

HIFEE 23S Algstr] flsfl 54l 7800 olE glo]
2 3 $de] AHEEE A, B, Y S A

AE 7F G B4l A1 2 i e ArA9R) (TAN: Incident area network)-<-
2km HY] o2 71g740] 7k AT A, ASEA]S (JAN: Jurisdiction area
network)-& 20km ¢ o] 3§ATE &9 T=AIEA XN EAN: Extended area

r (
2
H
\i
i
&
N,
N-l>
il
Fl r
) :lo

network)2 FY8F- v FYFEF7A 4 = = 20km oPde] FFAIY (WAN
Wide area network) 22 #oJslar, ZHIC ZHE] ARE At T HAAHE U5
g ARl = FAY QIEEo) T, ARA IRloA dele BE 2 Xé =l
gal7] Ak ARl EEAY QIEEH 0|12 e T ol tigh EEskE 8 T

_ SUQ| FI}

O 9=
HlE2 961 TP AARERI Y] e] Tk MupEAls Sl Fulee 8 A4S
=3le] F 1597 & 97.5 MHz tledZo] "ad Rog A vl 9e.

r

o118, eF 7IERUe} 22 iy Adel] 88202 thdslr] S8l 3308 Fal

olsh G FIPATNG Fone] ERA AEE S5 915
Bl 4T B FEes FEekasT) aske gRe 18

n|=Re] FFOBAR == VHF/UHF el AkAsled EallElo] ), et 700 MHz, 4.9
GHz o9 71 #9E B3l 9 355 Sdiskal e 38l
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& T o S () g0k | A9 A< H| 3L
25 - 50 6.3 315 VHF Low Band
150 - 174 3.6 242 VHF High Band
220 - 222 0.1 10 220MHz Band
450 - 470 3.7 74 VHF Band
B _ _ UHF TV Shared
TR o T e (@FEYA FH)
o)A _ _ _ 700MHz Band
Ozoﬁ:} 763-775/793-805 24 (A5 5
T 806-821/851-866 3.5 70 800MHz Band
NPSPAC Band
821-824/866-869 6 230 (National Public Safety
Planning Advisor Committee)
_ _ 4.9GHz Band
4940 - 4990 50 )
Al 97.2
30 - 50 3.8 VHF Low Band
138 - 150 4 VHF Mid Band
Anr7] ;
2 molx 162 - 174 8.25 VHF High Band
e 220 - 222 0.1 220MHz Band
T3}
406 - 420 8.3 UHF Band
Al 24 .45

(£*]: R. Hallahan, J. M. Peha, Quantifying the costs of a nationwide broadband public safety

wireless network, 2008)
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58 T 2691 ZH” ZA DTV W-8-02 2~511 AL 2gslar, 698~806 MHz
921 52~699 Ad, F 108 MHz s oo = SHsle] Anf 55 F3l] t&

LGP |2 & M‘%

o

oto;‘,:

1

_47_



(2" 2] "= DTV Fo4 71 4%
o ] BF SNV  ov ] (o i |
2 4 5 B 7 13 14 ar 51 52 [.]
52 T2 78 B& 174 218 470 848 aoa
(ze% | o] [owv [ov | [oww [[ orv | omsas |
----------------- 787 783 778 TEY BOS
| ==
| s | | =5 |
Ale|lc|olelalelc|c Aiu E.IE;IS'_'B c AEDEFESiE
cH|cH|cH |cH| cH cH| cH | cH| cH | cH| cH| cH| cH [cH| eHicH| cH| oH
52 |53 |54 |55 |56 (57 |58 |50 60 |61 |62 |63 |64 |65 |66 |67 |68 |69
[ ] 2000-2005 200 (6.0015)
] 200841 20 (191.221)
| ZZUAE (Public Safety)
o FI F-8F2] AH|Re] Ffoll= o] MHIAE fJsle] ARESIaL AW 800 MHz thollA
FRE AlEl TS AlE 7] T SRR TG AiA7T o] Fo] Fa

a9 3] vFY Fa¢ FE&EFR AR T4 A
821MHz

e :
Shauzn | am gs2mwan | |
.. T— ™ Nl "
—— e Sprint | @52 | Sprint | !
) ssad Ll N Nextel [M/W 37l Nextel j

806 815 824 1910 1915 1990 1995

o FCC7} 2002139 PPDR-&EE=Z F48l8k 4,90z tHE-& 5, 10, 15 B+ 20 MHz i th=E =

9 28 = (Z 18719l 2e™ (CFR 90.1213) uFAEe] W3] 3712 vk 7]
A Ysf= B0 7l £-83)

o]
T oS

0 4
o 49 PPDR

EAuko

o v o

19903 ¥ =3} 719221 ETSI (European Telecommunications

Standard Institute) A 703+ TETRA (Terrestrial Trunked Radio) 7|1&-& 7|glo &2 H1=-8-

olo.
PIS=2

P

o &4 9 A& dojg] B4l 71891 TETRA Release 1 ¥320] 2 A8 91, wideband
XHIAE 98] 7= TETRA Release 2= TEDS (TETRA Enhanced Data Service) S 3
Release 1 51} $3H3S FAI8FAA] 30~400 kbpse] HloE] v Algo] 7153
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O TEDSOIME 64QAMF 22 Fal §840] %2 HXAS AR 1t opg} v

25 KHz EAl9 AdS- o]&- (25, 50, 100, 150 KHz)sld 114 dloly] 52 7FA &

o TETRAZI&-2 300/400/800/900 MHz W& ARSSIAL glom, -S-FAH]2~9] 74-¢- 380~383
31 o

MHz/390~393 MHzS AME3IES S

1o
=R

o TETRA Association2 @A A=A Q= TR T34 9SS 35 tjgo= s
8l 380~400 MHz/410~430 MHz/870~920 MHz AFg-& X311 UL
[3% 6] fre] TETRA 35 o<
T2 L Al
380~385M/390~ 395 TEotAE
300M ] <!
385-390M/395-399.9M
R 410-420ME/420-430M
B 450-460Mi/460-470M i gt g
870-876M
(=]
800/900ME t o15-9211

O

(¥ &3*] : TETRA Association, “Regulatory: Radio regulation and Spectrum", 2009.12)

% 2 HY, AR 5 Adell a8 o® theskr] $1%F PPDR Aulgal ARl
T2 7l thesle] ITU-R#Eae] we} f3ea3d71sAdst (CEPT: European
Conference of Postal and Telecommunications)®] 7182191938 (ECC: Electronic
Communications Committee) == PPDR g4l Avlz AlF-S 918 o 415 W4, &

B o e HES Rk 9.

53], CEPT= 71 FA0 9 71 84 2 A Holy 9159 Uiy whale
PPDR HupEAl Au]2o|A] &kS wideband, broadband2e] A~ 871 Z718 Ao=w
Ry o5 QI3 AI2% Ful g9 vrlEs QI8 R Oy Y-S FX81aT s

HA CEPTE €2 2670 7AI712S tdo 2 ITU-RY WRC—03 9)2 6469 @i Tl
380—470 MHz WiSjeixe] 35 te] 78] At o s AAsislod i+ 35
7

S5 Ashs 22 A9 7k AoR BEARIE

1 Mbps ©P32] broadband AH1Z=2] 739 W& tdE 4=8-0] 71531 5 Gz o] AEY]

olo
Al Q=
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o ETSIE= ITU-R M.20339] WFale- X183} broadband-8- theZ-0 2 50 MHz7} 2038 Aoz
o &3slaL o, MAA Z3le sl v=a} AH- 32| =71} o] 4940—4990 MHz
£ 3H U9 T E HESIAL -

O =4

o EJelR= 19884 A12-L28198 A7 )2 F94F-25 A5 (TRS: Trunked radio system)
o] EQiE] HEr|Hs 93t SAREECE e 951 27ddle B, A =
g, WS 5] 800 MHz thee] Fulg &l 2 Y-8 Bx AME 74 B4IA
2=H 0 2 ALESIE-

et

0 20033 129 FAFATNASIATN AFE Pl QPR 1IFTE BE AU L F
e WS 98] Aok FPANTAEAAA TEF0L 98 TS el

sl

.

3

O 23l 2005535 7 1,44170 7134S o= oY SEAFTFATAY 75 A9s
I8} 07 806—811/851—856 MHz FFul thejo] &gw]of 800 MHz tholl A -8 521
2715418 TRSE 300 Mzt 02 o] 7é}ar ARe- Al2~E1S 810 MHz thY)
a1 opd=E T AlZRlof| X TRIE ARl g Sk RS

b
o
)
of
S

[Z" 4] syt TRS F3<¢

xp7pat

Ap7rat 2 PR =2

© AL & .
380 390 206 811 822
390 OfetE 1 —> C|X| XS 400 851 856 BET

X7y o A E o]
= X7+ S A= Aol
@A) | (238 S ==

380 385 390 808 811 B22
380 385 400 851 8586 867

o 20109 6¥ feuet Hx AR AR Hegh fi4do] 2AF HAe™ o] 3L
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2t [ A2H & EE gg o= | ssA= | w4s
0l= GPS == {4y 1995 MEO 24
2{A|O} | GLONASS == {4y 2011 MEO 24
EU Galileo =24 {4y 2015 MEO 30
= COMPASS ==4 !{4ehy MEO 30
= | “Beidoy) | (2= Alojoifsey) | 2015 (GEO) (5)
HEO
QZSS U= FH 3
o= = 2011 ZSS 37|+HEO
GRANS) | leielaEny oneso 1o @
ol =t GEO 3
o= | BN | osjmmw | 20 HEO 4
¥ 2BUTE BE YNUSI} RF WAYS JFEO= B U

% GPS : Global Positioning System
GLONASS : The Russian Global Navigation Satellite System
QZSS : Quasi—Zenith Satellite System
JRANS : Japanese Regional Navigation Satellite System
IRNSS : Indian Regional Navigation Satellite System
MEO : Medium Earth Orbit
GEO : Geostationary Earth Orbit
HEO : Highly Elliptical Orbit
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0 FEI IR E A 7])F(ICAO, International Civil Aviation Organization)
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LPV(Localizer Performance with Vertical guidance)d &% ABIAE AF3slal
No™ 2018 A7FA] o]FFu(GPS L54AlE F7HE o] 83 AT H Z(Precision
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