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SUMMARY

With the advancement of society, there are an increasing number of disasters, which
include both natural and man-made disasters. In particular, the sinking of the Sewol Ferry
off Jindo Island on April 16 2014 sounded an alarm for Korean society’s poor disaster
warning system. FM radio and terrestrial DMB broadcasting are media that are available

anytime, anywhere for free in case of unexpected disasters.

In particular, the installation of repeaters to ensure the reception of disaster information
and warnings in tunnels and underground spaces is mandated under Article 40-3 of the
Framework Act on Broadcasting Communication Development, allowing people to swiftly

prepare themselves for possible disasters in tunnels and underground spaces.

The service quality standard for FM radio and terrestrial DMB broadcasting is provided
in the Standard, Instructions and Indication Methods for Broadcasting Coverage Electric
Field Strength (Ministry of Science and ICT Notification No. 2017-7), but they take
outdoor areas as the reference space without considerations for tunnels and underground

spaces.

This policy study aimed to suggest a standard on FM radio and terrestrial DMB
broadcasting to ensure stable reception in tunnels and underground spaces (on the move
by foot or car), thereby laying foundations to deploy repeater equipment to ensure stable

reception in tunnels and underground spaces.

In doing so, cases and relevant intelligence in other countries were retrieved and

analyzed, followed by actual noise measurements in tunnels. In addition, artificial noises
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generated by gasoline and diesel engines were measured and analyzed by frequency
band. By doing so, the minimum receiving electric field strength was estimated in
consideration of antenna gain by receiver, noise levels of receivers, artificial noise signal
levels and standard deviations for wireless signals by time and space as recommended

in ITU-R P.1546.

In particular, to measure car ignition noise that is the common artificial noise
generated by individual vehicles, the signal strength and frequency distribution of car
ignition noise in gasoline and diesel vehicles were measured from all directions (front,
back, and side) in an anechoic chamber without interference by external radio waves.
On-site measurements were carried out to analyze the impact of car ignition noise in
rush hour traffic, such as commuting hours, and the results were incorporated in the

disaster broadcasting reception quality standard.

The FM radio broadcast as described in the broadcasting coverage electric field strengt
h table notified by the Ministry of Science and ICT was received clear at 48dBuV/m (wit
h a receiving antenna height of 4 m) that is the electric field strength standard in low-no
ise areas. Given the actual receiving antenna height of 1.5 m, an adjustment factor of 3
dB was applied, and the resulting minimum receiving electric field strength standard in
tunnels and underground spaces should be 45dBuV/m with the RF signal CNR at the
FM receiving end being at least 20 dB. For DMB, CNR should be at least 6.5 dB to main
tain the quality level of 2X10™,

The results of this study are expected to be used as a measurement standard for

full-scale surveys of disaster broadcasting reception in tunnels and underground spaces

used by the subways.

— xii —



CONTENTS

Chapter 1 . Introduction ........................................................... 1

Chapter 2. Analysis of in—tunnel FM radio and terrestrial

DI\/B repeater technology ............................................................................ 3
Section 1. OVEIVIEW Of DM +++eeeseeseeesseessrersemuessimntimntintintantaeeiesissssesisessssssesssessns 9
Section 2. DMB as a disaster broadcasting TNEdQ +eveereeree e 10
Section 3. DMB disaster warning DrOAdCASES «+++reerrerrerrerseersemneertesnieniientasree e 12
Section 4 DMB disaster warmng bI‘OEldCElStS 111 tunnels ............................................ 14

Chapter 3. Local and international trends about electric

field strength of broadcasting Services ---ssseseeeesesseeeneennn 15
SeCtiOn 1 Local trends ................................................................................................ 15
Section 2 International trends ..................................................................................... 23

— xiii —



Chapter 4. Environment-specific scenarios for establishing

a technical standard for disaster broadcasting -+« 39

Chapter 5. Measurement and analysis of car ignition noise

and artificial noise in tunnels for disaster broadcasting

Ser’ViCe applic ations lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 41
Section 1. Deflnltlon Of radio TYOLSE “+veereereseseesesresestessuotustetituetattototittstitittatittititiationee 41
Section 2. Statistical modelling Of TMOISE trerrerrerrerrrrnsnsrreruenetiatitetieittietietaeetaniaeinees 50
Section 3. Measurement and analysis of car ignition noise s eeresereseseesessesesesenes 68

Chapter 6. Suggestion of a disaster broadcasting service

quality Standard --------------------------------------------------------------------- 85
Section 1. Key factors influencing the service quality standard ««««««eoeseeeseseeeeeees 8
Section 2. FM service quahty Standard ..................................................................... 85
Section 3. DMB service quahty Standard .................................................................... 87

Chapter 7. COnCluSiOnS lllllllllllllllllllllllllllllllllllllllllllllllllllllllll &

— xiv —



A1 A

153} AR ZY Tl wheh AFAX SRt ofUE} Q1A SO Q13 Aldto] wol WAl
star 9lom, o3k Aol thulste] o) F Foll AAl ATMY F-EE o] &8 & e A
A 7F FM 2t @ W53 A3t DMB Wéolth 53] a7 24022239
el BHd g AetE7t WellM o] A FE 2wk AR oSS A8t 7 & 5
AEE WE FA AA7}F o738 =AUk

2014 49 1690 ot NET AL AL 98] AFs]Y Fokeh Ald AEAIZF o]
st g e A7I7F =HAth

A Aol A AYG A & 937 Sl A5l 2 2AE dgeiAy tiy]- 7

3l & 5 e AdSd 75 9 gl A w}a‘r, AEE= 20149 62 B
71EHE Jhgs AT
AANES B ol Al 2 T AR S-S d8stA 418 5= e i

WEFAEA 718 A0 IEET FAAAEY X)), T=2H ) AEA1S
Any) ApzABsel ue EAEEAE B TERY A8 9 HeAd
WE, AzAlezol wE w1
thel &fAk - AfA - Bake HE Be Akt 5 BErA oA ol Al40xA13
of me eSS 9O TRESTIEY, AR whE e FRe 493 418 st

of a3 v 4 29 WEFALRE HAstefof Frk

o
=
8l
Jz
o

>
I{E
Ny
X
©
>

%

(o3
2
I

o

1L DS, ARzANS Uil e Zhu ool ald dadh SAAN
2. "W, ARzANS e uhe ol HE W T o] £l dadh SAAM



3toAT.

S

A5

=
=

stk ol @

S

=
=

ol
O

AHA7} 7 4 A

il 2018375 ol A

FAE 7hssk
A=

9|

H

29
g]

Ak

o,
[}
= A

- .
=9
Al &
=

]

§ M 2ol o 3
P
T

fejgke 2nlEZe] BM 29

ohEZe] FM 2}t) S 7]

AR, LGHA 5 2=}

<)

Ho o B v o o A LR <
=, @ o T T oy NN W.M K W
of ~ X T ogs W Moo oy T
Mh.u_/am_xwr N T OO iy )
= 4 oo W oo < = T et
s N ~ " e I o = o
~ © 1 < X oy X = X = W o
SRz 4 o gwEAFeE o B F

) =z N O o N
i * ! E Wooh ®"r W g A M Mo
Sy o A oy 0 X o
o & . A fla R = X X
oo By T NS T o
= w7 o oy 9 AT B3 K
X —< o ~o ‘.:L o - o

N X X T 7 o
Py TR " T OB T T ™
~ o 7 o = o = o o iy
ﬂwﬁ E_ ﬂ./lL d.ﬂ 3 S kX B nmE %o .~

' N o P 8 o5 _ o S X
& i A < = w
M= = 5 w7 e s
PRy E ZTREERE T 0@
KT Ry XA 2 T o "
SAFE 2233% pio¢
< o T oaom < z my Ao i
fe®3 B ¥s5s2 ZTe T
! ww z MT oo 3 s =) B Ma e
LT g ok M E® T PrRT
T EE e TE L w8
<) NR . S ‘% W oF MM o) Ho =& m°
c.ﬂw.unzn %,_M/L d %Unwmd o
Ho  oF = il < ®O o iy =
® W O & uﬂréﬂﬂﬁwiwﬁ%
TET R PBETEPTE
TGN %W%%@wﬁﬁ,%%%
I O Y = B N 5 OB T oo
s EE Ere iU Es



A2%d B4 W FM 2 3 X435 DMB FA7]

7<
71 A 24

FM 2t 2.9} 2743t DMB £ BHle daprt m25A] 42 949 (=2, =/
A%, AskEgholl aFAe FM 22 5 3 HEFT oS X ddl= A5} DMB AH]
25 AlTTeE PRI Ao e US| A ot E Ao s WEtEe YR
£ 33 B AAE 5 A v e M BH L, A/de DMB RIPEES Tkl ¢
A Alskeztoll A A < e 7lee A
M 2t 2.9} 21749t DMB AR 9] F8 75 3 e BEeAA937t F8h=
S TS FESALE AN Aoz vidE AdEE TA7] 4571517

@ BMT 7| 714l w2k DMB 52t e W6 7150l F71) & Sste] 83} 744t

<

i)
o

A%k gk




- YU} AR o FHEo] glo] WA Do) FHRE RSO Feelo] 27b

- FE AyE FAIE F4A] (Main System)= F/E S0l & = AEF o)

o] FEES A8, APFA|(Remote System)oh= slute] BAlolER AAH ] BE

FAAE dAE] YT ZE AGA Y A B A § 9low, FAAE BA
A} v aaz gFo] sof AN Helslng, fAES: 2 A v z
T ZANME mle]AE Fato] el 2o FM, DMB B ES Aulad &
slom, DMB] 74 ©h7] gAl §lo] 4oz nl e Bl 7%

A7) (Remote System)> Q1A A} e F7F A4S SolstA &) ko]
Cascade”} 7Fs3tH, AHlo)ld Aloll= QIS GAF A 20 FFo] 15 Bypass”|s
FAX o} A2 el olrjyle g Az gl Aot I3t B Edel] Bas
BHES dAstd A F Sle Tl

- FAAGL AT F e F7PE Bold FRE AAE glo] R ke

FES TN 2WTH, AR 5O A2 AT 5 Yo, HFAAIAH

1 1
o
o
i

- FAA S} AR = Ante] F4 2 A9 o) 75 AEE F e BUEE 7ls
[28 2-2] ~ [Zd 2-6]lM= =28, dxHd 3 U Ad WE 74 AL

glo] 3] Ablel tE RS FASSI



(A2 2-2] B W MHIAE 28t AHLS SAH AILE 8=

| AMAHE FEE

Hd U P

(28 2-3] EE 22 LS SAH ALH 7Y of




[O8 2—-4] ==2EHE FM S AIAE 2HE of

DBM AM FM
ms  HASEEA)
11| 1| ]F 1 11 X —— |
2 HTEHA o )1
N L asporz | =T

x| &

I = {=1]
=%
=X B1

i

B2

I
i

B3

T3 FENERE 0174 6¥2 159 REXE | & B3 ofg)o} o] Axedd A&}
AAbA Al T HIA] EM 2HH 2.9F 2733 DMB WS A AY AAT F AES
ZAANE 2018932 dxpHo g MXErE 3.

AL 27 BElsks ATEY 784704 F 200m o)A HY 529749 A3}

QNEE F A= o 12509 o] Y2 o Folth



(23 2-6] ETE{E FM/DMB Z&4H| 78

00 DMB B4 37

() DMB #3732t
K xista = . \

A Y

* S22 0nAIr M2 E OIeHILIE S

P UmAE SHO0 HAA> LML
B 2 S S LOXE MU~

T SDbAL0] el FE WS CBE Xl

O Pl 533t

oEeN SuY | Heg? | ‘

ANT Rga3d LEEER

o33
.g!a
-

|

B8]
(E/0)

.

2N
W AV 198702, DMB W 4 Al 477)d0)3 Al A7) HEe < 21>

I 2 AP XA S < 2-2> ~ <#E 2-3> ¥ Zrh



)

<E 2—-1> MY MRS
= = s e A
M #t e A 3F7tol| A X YF WA A %)
DMB R AR SR b 1] A %) 1A %]
AxpE AA AE 9 i FHEEF AXAGL ol E9} 2k
<E 2—-2> OiRjYH MX[AE
(@9 9
. 2273
= AF T%_. =
T A 174 | 184 ‘194 20 214 o]%F
1,250 5 16 75 75 1,079
796k 79%km 10km 50km 52km 634km
SO A GIIAA) ) 10742%) | (6471%) (4671 2) 4710 %)
Sl | e | A5 | #8945 | a%-dwd
- Eﬁ] T %Qj o %gj =4 o
<E 2-3> @ FAFEZFZ HXAHE
o 2
LS A & H| 1
- (Q'q %) ]’%IH (] ] al
017 5 FEE FYEE (112km)73F FM/DMB A7)
AFY 717 :2017.07~2018.12
}\OJ“‘?PQZ_} =
2018 16 T (10km) FM/DMB T35
AF717F :2018.01.~2018.12.
Jeke]~2 % 5 570 =X (50km) EM/DMB 73
2019 75 A} 717} :2019.01.~2019.12.
AU Aol QFElY (50km), AR (3271 4)
FHE~+4d 5 5 VN =4(52km) FM/DMB 5
2020 75 AF$] 717} :2020.01.~2020.12.
AU E : Aol Y (52km), TAFA(23714)
gA | HA=HE 112km, 60742 3 FAF 607]2 A




A12 DMB Al&H 7j8

DMB# tAgdE] vt o] (Digital Multimedia Broadcasting)®] ¢ktolth. tA1d TV
FAL v%A0R RN AL TV o5l Brhsal B, olE ne
3171 13 o S40] 7F5 e DMBE EYalalth DMBE ol Awzsla ol
DAB(Digital Audio Broadcasting)ell BIT|. 2. ARIAE F71st Fejo|t}. A]43} DMB] 73
T oM AA Hx2E 83kl dEste] AuaE JRAERIAL, ¢/ DMBE ol A
one segih= O|EOE AMHIAE WA AJFEHY

DMB®| A= DABOlA 1 BE]E 2HS 4 3tk DABE 198158 A757] A1 %st
of, 1988'd UM AH5o2 HFo] ol Folfnt 1987 AR A7 ZRAERA
‘Eureka-147(EUropean REserch Coordination Agency project-147) ZZAE7} M4
T} 1993430] % ITU-RSIA Eureka-147¢] 34 %302 DABS WHgom, ut 27] )
2El0) F BHE GRS o187 o) EFAUL FH0T 3 29 B Hole wHol3ith
1995\39]= BBC7} 243t DAB AH12 7RA] ahlt.

Lol 19979 380] AREARS VAL 3 TAY 2o P4

£900] B3 =2 At} DA rle W 2 A0S PSS, 20009 49
Aot UAY BEe W 0 ARG S, 20009 T bl e WA
O F Eureka-147 W45 W FF02 374 243t

20029 12¢ 17%, AR FF= "Ad e WE 43S Fof DAB(Digital Audio
Broadcasting) & %+ 2= DMB(Digital Multimedia Broadcasting), 72|22 ‘TIAE 2t
& i or WHstgen, ol Lttt oyt Hitle, HoE WES FF He o
m o] Jhgelth AEFARE 2T F49 DABE HITL 419 DMBE B35 vt
99 Bureka-147 W41& S EFo 2 Aestch

2003 29 249, HEALI M= Felueld YAE 2L B (DMB)o] el
MRl eHeE @] AREEAL 9lal, ER HolH WE 5 2 5
Fdsked A dvkal dde] e e, BYe, HolelEs B Idets, YRR

=
DMB, 222 ‘048 Hejvitle] W4 02 3]s FUsgch $59193)E DMB



£ DFEY S5 HolE EE 94 Ml So] Zsela S5 14 B o)F 54
FAe A DR Qeropis on Hosta, DMBE ATl uel

2’43} DMB9F 914 DMBE 72331t

20049 39 2%, 16t wRAE YA S A B AP (DS FHA7IEA DMBE ©]
& Bl WEoE ANEA 83T AL A 20049 3€ 2290 o]F B
gr|t]o] W] SATEES whEstAth

2005 3¢9 289 W59 9437 X433 DMB AFAHE KBS, MBC, SBS, YTN DMB,
Ulr|tlo], s=DMBE A3tk 20051 5¥olE 994 DMBY] & ko] AFE Q1AL
20054 12€ 19 A& AIRC.E A9 DMB & <80l AIAHE Sl

A4} DMBE ©]4-8F AW R4 749, 2006 1224l 245} tAEHE] v|tjo]
W5(DMB) Al AEHE EFo] AFEHAH, 2008 d 11EFH AFE AGol|A A A
H|27F AAE QAT 2009 62 HE S AFE A A AREE AFe] S 3lL, 2009
d 8golle Ax 99 AlFEEe] AAIH A

&

A2d AdEE dA =M DMB

DMBS 54 %, AE AZA f2I8 He BAFA thew ok
AAZ DMBE ‘T8 W ol SAPolt 22 et ohlet B4, 1Y BE WA
=R AEE 4 Stk TV, HULE 47§
5k DMBE 3hte] 7)71o) ofe] Fejz Aug e & ok 28w Al et
2 ol BES WAIF & A o7 /A JBE FAG Hke A0 A4 ¥
F9l Ze o] FUHA G A JuE AYsH: Aol Fhsalth o) FlHsE
MBE AH3HE F Al BARAAE SAske A% fAI Bebd s B9 BE
Z2 o] ofd F/k PEHE ST AW JRE FAske] BN F 5 ok £
MBE W4ol7] o] AR A5 A9 o84 Quithe] £2H2 ARATL
% gl
S71Z DMB 540715 Foh8 o]tk DMB 412 184 SAu) e 2719 4 3
vero] Bashth mebd Ahe 2719 Frig FA1E BE S U AL 272 Foph

g  of»
-0l

rlr
o

g

ol



HAs] Wi Q1Ao] Ef RAAME At JRE As 5 Qi
L3 Foigol7] wel wiEelE 7HAa vk wiE e} glom Ad Al fA 24T

Qe AR ARANAE A BES 24T 5 2w, U] AHld AL g 2B A)
ot

AR Z DMB A7) "o 53 o]tk Al 200kmE o)F3h= Foll® #4% & e A
& SRR NI AeA A S Bl ofsehe ol Ad YRS WEd 5 2
o geb gt A4S e s wE B Ad AR AHAE shed frejsith of
FFolehs 540 ¥Ed 2FHW A= AdEE ARzt Zhsaidn. @A 2els
TP Aduhs SR A AHlas EASHA] et 28U DMBE o8-8k w2 Hh
O olshe Ao ts) 802 AY ARE AYF & 9lck

A E DMB 4171 "ER715 9] Al7]ol 424 g o] vl 27] wiol] DMB =
AhE £A0 2 she AvHte Fiidshy A3 WrAlelH s 2%d et '
o Froidste] F4 7ol WulAolE 75s &8s M2 &8 Aravt 54
T itk DMB 41719k WulAlole] Zghd 734 93] SE8 MRt Zhssidn. Abs
A =AY WEAlClE o] DMB A717F AR @A) ARAE 1A A el Ado] &
AstleA glshe Ae BA, B A, 22l s Ad dFE vheteta

BB
of ezt 2 ek Al B oAl A2E FHE = ok s

o Elelat FREA i AN FA71E AT Bl o] 93, Aew EH23)
W, %0 A% BAS thit Age Be Ade) Ad Jue 2 22 gk A

%_
Fwo] Al A AFES A AR ool 2 Balo] gtk g S ol T

oA Lk DMB 417190 AvhgE FA715& #7k57] Sl ME sheslol
glo] AmESlo] ulolErto 2 Stk AWPEE FF AHAT Hlgo] gl
=X GAHloloF & JlolAT 1 Ul = AAle] & Rl Bk 22 A%
7k amEsel QelolEROR Jisaty wge AaRo Fols 4 AUk Wby

T AxJAEE F& flo] 7Iee F7letaL, aRsk 2 4 glo] AdiE Fal7]

X



A34d DMB AVARHEE

A5 AGEE T o 4(DMB) AdF S 52 A4 DMBE )83 A%
AFBEGES ARAD S FFSe7] 9 glolth 245 FA4, A=3 Ado]
A3 AAY AT -7} e Aol 9 AR ks B35ty A & 3
RE 245t DMBE ©]&8 A ERHEo 2 $Eahed 1 A&7 ok o] &
Foll A Ao AGHRAHI 2= 245 DMB S35 9 W8 2445 DMB 417]9)
AgHck 20059 5E RS A1FEk] 2006 1290 AR, 2007 12€, 20091
62 F & AFEATE AN E 2009350 ‘DMBE 283 AR DG Al
28 755 SRS OH, AR-AMEAE AQsth

2733} DMB A A B YEE W8N 20 SeAu s T 7S AlEdit) HEAH A

7‘(_

sk DMB 4171084 4070 AdARE dekshe 2ol

APBYAG} F97 S WSl ARG FAF A B A F47)
53 F3) B8 A7) A% Avizoleh

2’45t DMB A4 1S Aol 718 2A17F 8 FE2 ©27] 584 AU
FA7] Al FAPA S0l Bob EETACN wit Al A B2 A7
Zo] §45L, o] FAVIELS X4y DMB AdARLES FA8E 4 2538
A57F A 2y BEEAIAAS AT wEd V)€ 9] 254 ¢
Astal FF whdatgint. o]ol whe}, KBS 2010 1958 FEdS o2 AlFSE
< AstaL glow, edREHE Aas tdeE sl

AGEELES vt 28 TR EZ 298 Fa A58tk 491 A5 AdA A
AS M= A WA A2 -E(semantics) T ©] 5 E@sF= W (syntax)©] )= o] Stk
A wAA] £ A2 Ad wAAE £Zsk= Wl dis) Aot v 2" A
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FIDC A=
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L] - FIG (30 bytes) —————————— o]

FIC A= \
A 30 btes 2 btes

FIG
Header

D1D2i HOME
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[4— FIB (32 bytes)—————

O AV 4122 S GIOIES ‘ CRC

4
TEM HZ

AEAS: Automatic Emergency Alert Service
Transmission Frame FIDC: Fast Information Data Channel
FIG: Fast Infarmation Group
FIC: Fast Information Channel
FIB: Fast Infarmation Block
TFMW: Transmission Frame Multiplexer
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2 FAIHEE IA o] WEFES FASHEA Ha9 FAlgEE FA7d Y
B 2159 A7IE EahH, d9E 1mW AE#Hd 7]E2] dBm 7155 T2 ARESITh
g Ha FAEE 2 FA7] FEAFN, AF AR 5 FA7] A sl w4
#e 2]zt 9ls & Slrk

o Y P2 FEFE Aol $etal 224 F Ao HolAH, #4714 9

e FAlgEe

L)
=
o
il
=51
N
@
el

Pn(dBW) = F(dB)+10logl0(k - TO - B)
o 71914
F: s
k: B2, k = 138 x 10-23(/K)
T0 : Alex (K)
T dEEE Ha FAEE Psmin T 402 R
Ps,min(dBW) = C/Nmin(dB)+Pn(dBW)
o17]1A (C/N)mine F217] g eelA H4 C/NdB)E Zetth
&2 DRM* 4ol tigh 22 AleS A8k, ofm) x4 o] 4QAM(R=1/3,

VHF Bandll), F3tt] 9 Zo] 100kkY 735 & FAlaHo] 13848 dBm(°]F), -138.68d
Bm(F o)), -142.68dBm(314) 0.2 +43tar Utk



<E 3—1> DRM+ X4 ZAI2{(100MHz)

deelE | W | oolsRd | Fuied | 348 | e
H A7
-401 e;]_';ﬂ il | (dBW) -13848 -136.68 -142.68

H = =

<E 3—2> DAB/DAB+ HtAlo] AISCHEISH]|

T & DAB/DAB+ DRM+
F3H4= 200MHz F 3+ 10MHz

4 24 ol FFAE ol FAl&

DQPSK, R=1/2 4QAM, R=1/3 | 16QAM, R=1/2

Hx FA | o|EA(ITU) 828 -108.48 -101.18

3 Hﬁij) e -100.6/-101.12 117.2 1129

AatEre F53 FAFEAE Ee] Hs el e Az g
A AEAE T S FA7] gl g AsdEe] Al BE weid, g9le

HAE(dB) = FAIZ AsthEHrE AfAlse] My, 298, 584 ol uet

FYE 54 2A0lRh ATUILIIL Be5E 44 A2HY SHo] $5F A



<E 3-3> DAB/DAB+ 2o AlarHziSH|

s}eha) g DAB/DAB+
279 C/N (BER=10" 7dB (Gaussian) 15dB(Rayleigh)
ezl 2dB 2dB
F27] 4 /N 9dB 17dB

£ SAEENA YR ISDBISE WAl e AschgenE EAsG

s 3
<E 3—4> Wz 3 FY=I0| ME MSCHESH|
AdEA B5gld e g8
H oz
1/2 2/3 4/5 5/6 7/8
DQPSK 6.2dB 7.7dB 87dB 96dB 10.4dB
QPSK 49dB 6.6dB 7.5dB 85dB 91dB
16QAM 11.5dB 135dB 14.6dB 15.6dB 16.2dB
64QAM 16.5dB 18.7dB 20.1dB 21.3dB 22.0dB




<E 3-5> LC|X|EHZ|C| oML} =0|

oy MUR e
- ¥ | 9 )
TATF 3=(DAB) (HD-Radtio) S=(DMB)
AA] FAIEH Y Eo] 1.5m 2m
715 FAIRMEY o] 10m 10m 9m 2m
ITU A ZTANA o] 20y Eol& 10mZE WHEsly] Y3l FAItH U =] B

U Xv [TU 2o mE 41 QFEUE0] 1.5m ~ 10m BAHAGTE AlLtstdon A

<& 3-6> ¢HELt =00 IE EgAT

. StelY Eold wWE BAPAF (dB)

" 1 10m| 9m | 8m | Z7m | 6m | 5m | 4m | 3m | 2m | 15m | Im
N2 | - | 06| 13| 21| 30| 40 | 53| 70 | 93 | 110 | -133
@ | - | 08 | 16| 26 | 37 | 50 | 66 | 87 | 116 | 137 | 167
A | - | 09| 19| 31| 44 | 60 | 80 | <105 | 140 | 165 | 200
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T ol gAder e HEEAs =98 4% DMBH S AHE-3l= DAB/DAB+
w2l e DMBS} FUE AU Eo] 2mE A4k, IM tl Y-S AHS-3h= HD-Radio/

DRM#+ 48 old2 IRV} 5% 4me] 441 Shelifizo] A 871%0] asit) ol
9

il
r ]
=]
=
By
o
e,
fo
ol
o)
O

Ao X A 2T B9 obdEIFM WS
3 gREg e WE=ze) Fulgs MR o] 7hsEta ARAZAIMRE Shuke] Faleh

B Sal 240] Jhsan HEe) Sk ol 24 glo] BREA) 152

2
N

Au)
e
-
2
oo
tlo
iV
AC)
o

=]
%0,

& BofFa glon, S AeE uAEet e FadEy
= DMBUelA 2m, FMHl o)A 4mE A&k 9lek.
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o

DMB th<] FM ¢
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Fig S| o dEIRM WS 93 H4 AAZE 715 FAIMEY ol

)

& QR P22 M 7|E7IES EUT Aer AT

HAA oI,
<# 3-8 FUME|L} =0lof ME 2YAF
St golo)] wE RAgASHdB)
AT
10m 9m 4m 2m 1.5m
100MHz 0 12 7 94 10
200MHz 0 16 10 116 12
2 Aad
Fag2 JOA(RA S WERHAA Filo] Thed WEHAS dop D= %2
At A0k e 117 AR AL 0.5mx0.5m AAE ZFA|5H RS 918 4241

AL b o g 200m<200m o2 FA| ¥ AL, 31 FAA KA ofF FAAI 9] Wzt

e Aol BstE oot 1Y FAIS Aas 4

25 70% 0% T2 A97F ke Ak S AR, oAl wet A

&5 29 st A&Ha gk
TAEFS] [TUR P1546914 FA&9]

gekal ok vy Ao RHHE:
Fag BAPASF =1 < oc

el

%G -]_ o = q;(]gﬂo]--/lo\— /‘\li?_ 751—?‘ 55dB‘§‘

(EAHE | 70%—0.52, 95%—1.64, 9%—2.33)

(B 8283 0,= (oo, +0; WARA G g, =55 UG 2] o,=10.1 )

Faeed Aeshd va3t 2
ol FFAI AS, FaE 50% — 9% : 12.9dB (2.330)



ol FFA BE, FAaE 50% — 95% : 9.2dB (1.640)
FoFA AS, Fad 50% — 70% : 2.9dB (0.530)

<E 3-9 TAB0| 02 FAHE A 2

g W £
T8
G Frojgal ol 54l SISl
Arg 50% 70% 95% 9%
HAAS 0dB 2.9dB 9.2dB 12.9dB

A2d 9T F

1. F2=9 7|l&7|&

359 W54 A7 ACMA(Australian Communications and Media Authority,
5T WEEAIS Ao, TEAHI ) R TS 5 270 HEdl os) qrAlsta Sick
W55 A ¥ 21 (Broadcasting Services Act 1992, “BSA” 2.2 &), BSA WA UAE
g = o]-E g5, 3 (Radiocommunications Act 1992, Y™

“Radcoms Act’©. = E&)oA HAZHQ tAd ~HEHJWHES) &S thFIL Q)
79 AL 7erEe TEAEIAY1992), ABR wet e Aus

(71=2AE) 7hol=2kl 2007, part 8 (HAEHH L) oA F8 43 At vk
71&7)E Biole part 3 (AM 2 L), part 4 (FM t]L), part 5 (P21 TV), part

6 (DTV), part 7 (DTV ZH#2] A3}, part 8 (AL 2r] Q) 5 WS Ad S0
AR, AE, Mulz 2 PA e HiE Hadd, BE AALE 5 1E8 208 B4

staL Sl



(O3 3-2] &F9 LxEEH2 MAZE 7|z 7IE AA

dESAMHIAE
H33E (JI=E HE J101= I0I1=Ee HeE)
|
WM (7 E 3 A g) 7hol=gel 2007
0 (Part8) HA|Pelo]e FHA|E #A), dabdY, Hi HAFE F AulL a7AH)

359 DAB+ AARE 7]1€715FL 63dBV/mOZ T skaL glon, dutEel A$ &

AEH(ERP)S s17be Hol FAEHA 5dB WA st i

A|8% planned minimum field strength (e) for digital radio — 63 dBuV/m.

A|180% (b) (i) if a transmitter is sited at the nominal location and an omnidirectional
pattern is specified for the transmitter in the DRCP, the ERP of the transmission is no
more than 5 dB below the maximum ERP specified in the DRCP

A|182% For guideline 181, the minimum level of service requirement in an urban
centre is achieved if the received median field strength available at the receiver’s

location is equal to, or more than, 70 dBuV/m.

w v=
H)=re] WEAl A1 713 FCC( 54199 3], Federal Communications Commissio
n)ol A CFRS #skal 9o, CRR($% 71715, Code of Federal Regulations) | <



[ 3-3] Ol=2| CXIE=H2 7|=7|& #IA

CFR(Code of Federal Regulations)
Title 47 Part 73.404 (§§ 30|22 = 1BOC DAB 2 &)

CXEette 7|£7|&22 BYHORZ "the First Report and Order in MM
Docket No. 99-325"'2 [tZ

‘ BHIIE "the First Report and Order in MM Docket No. 99-325"

g8 71£71&2 Biquity A7t 4ot "FM IBOC 48 IE
NRSC EE M B3 s UEHOF &
IBOC FM ®571 4
(iBiquity At 14, '01.88)

[}
CREette $S8E
E

(NRSC-5-C

H)‘I
=
—
oo
o

iBiquity AL7h 7123t 1BOC FM

U f4s ot 9

¥ NRSC(57} 2t @A) 2=8 91913, National Radio Systems Committee) : NAB(National
Association of Broadcasters)®} CES(Consumer Electronics Association) A|¢S ¥o} 2
49 Blge] =7t 71



FCC 47 CFR §73.215 (AHIZ=HER) oA FM W= AAZEE B 59 54dBy/m, Bl &
+ 57dBu/m, 71E} 552 60dBy/mo.Z A3l Stk

FCC 47 CFR §73.404°14 TiA|git] @ W& opd 24159 FAMSE $551a1, U A
gt 7e7]Ee AT ‘the First Report and Order in MM Docket No. 99 -
325 & &St 2t sl loH, FHEFAA HAELsE ofFE s A o
H] 10 ~ 20dB Bot W55 st ok

<i# 3—10> FCC OolgZa FM ¥ CIX|E AMs XA

HAAZE (dBuV/m)
A5 e
wEa B wEa Blg 71e} vt
o211 FM 54 57 60
gAg A3 -4 37 - 47 40 - 50

% UAY A5E ohdz1 23 oju] 10 ~ 20dBe o} AARE RE S 2oy
AR ofeal, oldE2 /YA F 2159 AALEE AHHoRE 4
o211 AAUTE XY

# g 50%, AITHE 50%, HEIY =©] 9m

HD-Radio®] HD ¢o{+= "high-definition” o}2} dto] B8] = YA Y "hybrid digital’ 2tal
ofpgz s} YALEATE FA &5 9vE XY ATt

< Subpart B—FM W& >
0 §73.211 (Mg 2 SHeuzoldl tidh 27) : Wt 552 A& 2 HAAT(HTA
el wet A, B, Bl, C, CO~Q2 5 87 §9oE /3L Sl



o §73.215

=S
o

o]

0 §73314 (RAR=

CEES

3): WET AABEE B 57

54 dBy/m, Bl 55

57dBy/m, 7]

=l

=2 60dBy/m(z'd 221~300)01H, EARFHE 17) A AEe] 6dB, 2:3A0HAE

40dB

24) : 2AEY Fols A

<E 3-11> 2 U olelLizolof Chet X
wase | w0 TG
A 6kW (7.8dBK) 100 28 60
Bl 25KW (14dBK) 100 39 57
B 40KW (16dBK) 150 5 54
o 25KW (14dBK) 100 39 60
@ 50kW (17dBK) 150 5 60
cl 100kW (20dBK) 299 7 60
@ 100kW (20dBK) 450 8 60
C 100kW (20dBK) 600 ) 60
0 73317 (AN 28 BTARY) : ste] B4l 120-2400E FHE WEHE

7EL
EE 43+10Log(W) &

2 25dBc °]%¢

e 4%

7+4)8kat, 240~600kk= 35dB ©]4

72J3}a, 600k ©]/d-2 80dB



< Subpart C-HAd 0] 245 >

o §73402 (& <)) : DAB(Digital audio broadcast), IBOC(In-band On-channel),
Hybrid DAB Al&=8 & HAEZHH L 8015 st s

0 §73403 (UAE 2T W4 Al 2727) : [BOC F57E H4 1) o] 2t

I

S ZEOAS % AYHRE 731250004 FAsE 20S wHEsleof g

0 §73404 (FA sfo]H2|= IBOC DAB £48) : IBOC DAB 7|4 122 MM Docket

No. 9 -325& w211, sfo|B = teve OP*E:L/EW 5ol T ey

€ AHEEH, obdRa/uAd AdEuE EeE B $414 A7 3% ofielaL, o
e AR ] FAlo] opd 2 QtElue] H AL 70~100% o 52 skl

A

o WA HNARE d571FS F(Fag, Ao xHsta gk
- F(50, 50) : FM % opd&1 TV

- F(0, 10) : FM, oPgZaTV ¥ DTVel vixe M A3

- F(50, 90) : DTV



o TH, DIVell #E5E F(50, 90)< 2837 93 theat o] A%k
- 4] F(50, 90) = F(50, 50) - [F(50, 10) - F(50, 50)]
- F(50, 90)= F(50, 50) ®.o} ©f Sk, F(50, 10)7 F(50, 50)9] Rko]ube(e} 4dB) B3
o) Fag 50%, AHE 0% AALE F(G0, 0) & 8 Tkw, ¥ 50km, HAAT
100m¢}

F(50, 90) = F(50, 50) - [F(50, 10) - F(50, 50)] = 37 - [41 - 37] = 33 dB&V/m

3) FCCo] YAt e AAZE 715F(MM Docket No. 99 - 325)

gAgase) 4% of

e

ZIRM $2128S 71F02 Hd) 10% (-10dBo)dl A Ho)

1%(-20dBc)7HA] &-6-8 4= LW (FCC, 2008 6€), oFdZIFM &9 thH] 4%(-14dBc)7}

A= AHeH g FD 5 3o, 4~10%(-14~-10dB)7HA = U39 <& Tolof gtk

A7 o 2HE AHAGS BE3l] 98 g A5 A8S Hehs Axie ted 2ok

@ IBOC A= st 108 A4 2] W57 A= 60dBV/m (F(50, 50))1 v
A ke AAREE o 48dBWV/m (F(50, 10)S A4

@ IBOC AFEETA g5 Al 5408 opgz ol Hls) A -10dBe
ol A -14dBc &. AHAE HEE 3 (FG0, 10)S Z-&3hd 38 7153
IBOC 9 Altte] 7hesiH, o4 t=3t 2t

84 7158 IBOC 28 = [227%(60-(IBOC<] F(50,10) dBy)) - 33.6]
Se APAY W AR RIS AT AABE 71 gholl i AHLEE nolEek
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— i .-/

\., ,f Froponent Analog IS0, 100 Frekd Strength at Moximum Permissibles
kln{\ Protected Analog U dBu FIS0S0) Coniour FAL Dyital ERP
£ N, ‘ll/ -

[ | 51.2 4B | o 14 dFic
rroponent | [\ [ provecTEe SLsE dbiy snd goovs chfni
[ b 50,7 dBu - 51,1 dBu -15dBc
| | S0.3 dBy - 5006 dBp -12 dBc
k!

i 1\."\ {50,500 49,6 dBy - 50,2 By -1 B

=&, u; - o
<495 BuU- -10 dBC L 7 f,-&l.'l dBu 19.5 dBp or less -10 dic

(50,100
.-"-'F

2. FM 2iH2 AMH|A~ FE 7|1E

<ITU-R BS 4129 #i>
A AR B 7S AR RE Y TS EA (i AR ERE o] AR Y] gl o
O~

ato] ¥ CISPR Al AFHS Al Fshs A ITU-R SM433 #x)0] EAlshs 49 152

2% (A% 10molA Z3) d8) <F 3—13>9] Fol7 A o]

<

oe AelE 39

o|ojofgic}

128E9] 7o) 9l 4%, FIEE <H 3-14>9] Foi7 A
&3t Mono & Stereo &3 AH] 2
0 715 B 4 Qltk o] WA A e A9 Ut Bxy $4d

T el B oSS zte A ekl #-8Hoth

<i# 3—12> ITU-R BS 412-9 #11

Services

Stereophonic dB(uV/m)
48

Monophonic dB(uV/m)
34




<E 3-13> FoAH FM

A HAZ=

Services
Areas
Monophonic dB(uV,/m) Stereophonic dB(uV/m)
Rural 48 54
Urban 60 66
Large cities 70 74
<BBC>

19541 FM2 VHF 2ht] Qo A8 #ixg 32 e 9lon BBC AHlAE 19550
A HE s Ad Eo WEe I ke A 160 sllgele 7}l 20dB (9% A
ZF 5. BE wlge 747} 100, 200 2 300kHz 2 Z A4 10, 0 2 -10 dBE HAA|=
AR 7S o] FE TAFAY TV tig FHAR] HAES Ve s & AL

B AFol 488 10molX 48dBuV/mel A A& A= FAI7] AL FEoes
BAS 7| Rk 2F 313} 1M gk e 7|whe 2§ 48dBy
A7) sz Badh gtk of 14dB & AFE AT

zHg Q9] T4 YAy YA FYT 2612 §/N 4%5S AFst7] s C/N
HlES 20dB o) =Y FaUt A%e. 71E9] 14dBS Fska F712 6d

7hs gk 8| 2el Hagk A FETh 54dBuV/m7} . T2y 34dB e A i

rlo

dBE F7k5ta ‘1)

rolw 48dB

197313 BBCY] 2& ¥
54dBpV/m 715 AlE.
7k A7) 72

s
U 3% Al2E 28 (5 dBuV/m9l AA BE7F FA7]



AaforstATt ARsaf 4171 3 Hi-F [Fule] 739 E=e) gho] Ba g
ok $14 A (Psks gelel As7) Ae Feleld og ek A, YiHox
100m A %).
gt xo] £4 (V1% ®°] 10mé AFsAF e FolE FA17] xo] Atel9] AT £4)
ok e &4 (2Rl Sole w Azl e F7h E4)
vl 84 &% 7
AL SA7) R (AT S AR L)
<# 3—14> FM 2{C| 41 MAZT [1946]
Service - Field Strength
Descripti
grade cription [dBuV/m]
Crade I N 1st c.lass urbe.m area coverage %
sufficient to over-ride practically all motor car interference
Crade 11 N 2nd .class urb.an area coverage 5
sufficient to over-ride practically all motor car interference
Grade III Ist class rural area coverage 46
Grade IV 2nd class rural area coverage 40
<# 3—15> FM 2iC| 41 MAZE [1951]
Service Field Strength
Descripti
grade cripion [dBuV/m]
First Class Impulsive 1n.ter.ference . 60
from 50% of cars is imperceptible
The average level of
Second impulsive interference from at least 50% of cars 48
Class . .
is never graded at worse than perceptible.

In both cases, it is assumed that the "receiving aerial is within 30-60 ft from a bus/ rosd

on which the traffic may be continuous®




3. DMB At|& EEI|E

<Mobile handheld reception (MO-H/Ext)>

o e ol Ak o] A Atelest 0w AR 919 15m Folol = F
g FAZIZ 9% k7L S A9l : WHIP gk} = sj=Ale) Aol
| RnAold Zie) g A 99 YEAZE A2 BN A% SE A

o] BHE Fgo] e dYd T (Rayleigh) AE Q) 120km/h ('8 Ed RA6ol 3F) 7Hto =

o

<E 3—16> FAI7|EH QL 0|

Rectption mode Antenna type Antenna gain
Mobile (car) reception Adapted antenna -5dBd ~ -10dBd
Portable reception Built-in -8dBd ~ -11dBd

Portabe and mobile

hand-held reception External -13dBd

<E 3—17> OH|L} O|S0|| m}2 oIZALS 2|einjo| AlmbmiH

St} o] 5 [dBd] 22 5 -8 -10 13 17
RURAL 16 09 05 03 02 01

ITU AFAY 4 25 15 1.0 05 02
A 7 5 32 22 13 05

IRT | t=A] 9 10 76 53 40 24 11




<#¥ 3—-18> Z4 HESE IE EH Al

' A g %
0 50
0.52 70
1.28 90
1.64 95
233 99

[(OE 3-6] & &g H BET|e] ARl mE CN H]

Reception mode C/N (dB) Channel model

Mobile reception / rural (MO) 12.6 RA 6
Portable outdoor reception / suburban (PO) 11.9 TU 12
Portable indoor reception / urban (PI) 11.9 TU12
Handheld portable outdoor reception / 19 U1
suburban / External antenna (PO-H/Ext)

Handheld portable indoor reception / urban / "9 10
External antenna (PI-H/Ext)

Handheld mobile reception / rural / External 06 RA6

antenna (MO-H/Ext)




70

Signal-noise {dBAW)

-20

-130 -120 -110 -100 -90 -80 =70 -60 -50 -40 -30

RF input

<FiE <>

BBC®] 7 [Thoday]= F3ZQl short whip SHEUS] E&& Hrhglon, e &
g 21716 Aaltt. Whip QHe|ubel] tia o] 7o) 260mm ok -23dBd 1 A2
SEATh o] £Al9) AT L e £4] AE 3 Alole] £l 2 29l

H2 3] T2 BYAR Qlste] AR,

<% SHeU>

BBCS] %7] AT [FolAE % HF VAH FF4E Aste -13dBdY] o]5& B4
th. o] Qtelu= 42 whip SFeEURe} Blaake] oF -18dBde] ©]5S AUth

M EdllizuAe] 2 S 37150 24, 1970 d i ol] A5t Qtelue] G80] 27
FH YU 1m 2ol F 9] whip ¢ElUel A -10dBde] o5& B A (EFHE
3} 2159 79

rL.l



Atolo) 4] ¢k 10dB9] AFol7} Qe A2 vEhdth
0] 10me} Lemol A AA F=<) 7haAE ITUR B¢k P370-7914 Aarsls 8dB=Z

(12 3-8 A2 4l 22 MAYS
Class Car Notes
Mode Mono
Required 5/N (dBAW) 30 Just above threshold
Noise Figure (dB) 10 to reflect ignition noise, etc
Required C (dBm) : -100 calculated mono value
Height loss (dB) 1 From Northampton experiment. Use median valu
Feederloss (dB) 0
Building loss (dB) 0
Field req'd at dipole @ 10m (dBuV/m) 26
Aerial gain (dBd) -10 BBC RD 1970/35
Min. required FS (dByV/m) 36
Location variability 8 as assumed in P.370.
Required %-coverage of 'pixel' 70% Assume aerial can be positioned to maximise sign
Correction for median (dB) 42 assuming log-normal variability
Minimum median FS (dBV/m) 40.2 NB: no allowance for interference



(12 3-9] L FOHE 2Ll A FAFHYE

Class Portable Notes

Mode Mono

Required S/N (dBAW) 30 Just above threshold

Noise Figure (dB) 10 to reflect termostats, domestic equipment

Required C (dBm) f -100 calculated mono value

Height loss (dB) 0 included in building loss

Feeder loss (dB) 0

Building loss (dB} 13.6 Median value from [Thoday]. Assume co-operation finding 's
Field req'd at dipole @ 10m (dBp\ 28

Aerial gain (dBd) -23 [Thoday] value for 260 mm whip

Min. required FS (dBuV/m) 51

Location variability 8 BdB assumed in P.370. Reasonable to assume less in our conty
Required %-coverage of 'pixel' 70% Assume aerial can be positioned to maximise signal
Correction for median (dB) 42 assuming log-normal variability

Minimum median FS (dBuV/m) 55.2 NB: no allowance for interference
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e 5E Bdse de) 71 Sejuigd o ge) 2 Aue e 2.

<Fe AT E T¥3h= gvE>
- W3t 73} (Average or Mean Envelope Voltage : Vavg )

—n
2
2

(Peak Voltage : Vpeak )’
(Root Mean Square Voltage : Vrms )

N oo o
fo
>
ol

i)
-
2

% (Quasi Peak Voltage : Vgp )
4 9t (Average Logarithm of Envelope Voltage : Vlog )

o,
£
L 2

i)

o
M2
£
=
©

9

¢

} (Voltage Deviation, Impulsiveness Ratio Index : Vd )
Z} (Average Logarithm Deviation : Ld )

N
k)
-
W)

2} (Quasi-peak Deviation : Qd )
el 2 QA (Effective Antenna Noise Factor : fa )

o
tofs

4 A4 (Effective Noise Figure : Fa )
1

O
i=]
O
i=]

78 (Available Noise Power : PN )

7} 4t A (Average or Mean Envelope Voltage

~

B AL ol A3t Lol AL B SHE FL 450 A7) nhE ARY RS
HA TR e gholt). o] sfeelEE dukon 37149 ¢ A5} 27] 4R

selatet] A% AHREV|E 6, Q828 49 S4L Yl Fes

Vg = LT f OTn (t)dt (2-1)

o}

o



L. A5 A% (Peak Voltage)

AT AGe old4z o, YA TEI) 238 4
Aolt). ol SepviEle Wad Ae AT A DAL AOA, o] SR 5
4 A9 54 Fedol tig JBAY FS o}RE BasEd F85AT, 9 4e
o] QB2 ol WATE 7h 24 He 29 54 ehie dE 4FA
S

)

Vpeak = Maximum of n(t) during T

Of

o} F& A% (Root Mean Square Voltage)
e A3 A7) n(t)E Awsted

SF MG o} AT} o], ZAHAIT TES] =4
ATt 23S & SAAOR U] AFs FHg golth o] IevHe od
o2 vehd Aol

2A%e Nzos A

' 23)

Effective Noise Flgure Fa)& ;F&sh=t A
Z38ko] ALtshd of 4

N,
dlo
N
_‘

o714, N& BelAzie E 5ol



HE AGke ol A3 o, i de FHAZHIs) w1 2] R AIZH160~600ms)

2 74 S9E 28 Basel e F% A n(yol

Lt
Vo= T /0 n (t)dt (2-5)

o] FEtn|E e Fg YB29 A7) ofe} RIES T A A7]9 AlZte] A &
& wX(Joint Probability Distribution)g £ 4 7] Witol|, F5S EHshe= et

BE 71 ol ARETh

e
o
>
N
N
H

W i AGE ol gol, 34 FE A5 n() o UFE AT g2

mlo
_ll}lv
E
O
fu
§,~ i
HU
5
o
)
N

3 A3} (Voltage Deviation, Impulsiveness Ratio Index)
St AR ol 2ol Ha M (Vavg) D & HSH(Vims) < Hlo ti55 F3tar
205 #3 PoE AojHrk o] vetE e BE F TR g5l A s A5 Al

712 vl AMgEh

jur}
bt
2

_ avg
V,= —20log Vims

AL St tl4 HA}F (Average Logarithm Deviation)
Zh= o2 7 72e], Viog #49] Sti(antilog) 7k FE HYe] Hlol| tl4E

o
s
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A3 ther AR} 2k Vioggke] dBxio]E vehdh

A% HAal (Quasi-peak Deviation)
AT YAk ofef I o), &

Ak 5 Ak vl of
B9 oz Aelun. o A%

FE AT ol 205
Axl= quﬂ- VrmsZte) dBzfo]o]t}.

(29)

1Y

o71M, Pnd F7F T4 JEURZEH &
Boltzmann 44%(1.38x10> JK), Ta: 9% &gl o
A #0719 st S (Hr)olth

&4 e $7h A e QARRE AE e FS ARE okt o] 3

_Q_
—=

T, (2-11)



714, Toe 71% 2%(288°K)olth

Ak AE 5 A5 (Effective Noise Figure)
AE JZE A ol 2ol AR QHElu F5 A fas dBE A Aot
F,= 10logf, (2-12)

o4 4 /N WIE rolg} s,

o stetrlele 54 4171e) 4
. p, P 13
"B P b

TYHE, Fa $417]18) AAld) YelA Fad sebvie) f,
e}z AFEE A,

A 7] Q| U(short vertical antenna)E 541
A 20 ole) 2z} 7t}

71831, h<<l ¢l 1)
A FE Aol tig FF AATES
(2-14)

E,= F,+ 20log f .+ B+ 95.5[dBuV/m]

g ol E e 4 (2159 2t
(2-15)

=

E,= F,+ 20log f .+ B+ 90 [dBuV/m]

st] Eng =

(Available Noise Power)

A9
9o 4 (2167 2ol Hojur.



P,= F,+ B—10log(kT,) (2-16)

4. XSA Hat HE M5 R

AFsAte] FEAT A TS Ak g5 R JELY deEEe] shol
B, opd2a B YA Az thete] tF Hojd Agste] HAE kol= Bl FUid
HIEAHE FEAA AR Fak tigel FelE £ & e e 71 3leH, o
714 Bk AAkke] A7I7E omA B4l AS dE e YEARtE A Fuk
ol 24 FH g5 AEE S7H717] el AStEHE AT S vk Sl
Soll tek A A Fele FE
53], ¥ Az o 38 A& AP EHN, Axde = T AT
S S7HNA e wAl7F S sHA Bk

olgl g AEAt HshEo] WA EIY WFES 5SS et Bavt o, HshE+
o] B WLS 54 Uehly] Wi FAZE o3 S4uete] aHth

B2 Alzgle] digk Hsht5-0] %2 Spaulding, Nakai 5o 93 &40z Z¥s}
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o

Fed A #2718 T8l 72 5 A5 wstE oax] PP F Fd 9

k)

Foll w2t 53 AgoH, [AH5—4]= FA7IAM Fealadl e Zetd SHE YeRith

CH
=

0l

(02 5-4] THTAO| 3 IF ZB7]0| &3

H HBRES 2 9Y 4390 2AT 9 Y G /1E G EEG 2 3

P2
B2 34 (probability distribution function) Pi( E>Eo) AB+

217)

P> B) sy =1-8 A GE)E,

o) 2} o714 J1 & Bessel @40l 2, i 9] W, r& S4Te] WMol Fy
HF52A AR, BF & A9 WA theat gk

Mo
Jlm
O_u

— _ > AM ~
Flir)y = e ) ;’!A expl—m(Bh,)/2+0%2/2. 14+0(Y)]  (2-18)




Fi(ir)(pi o)1= expl—bad, pr*— Acyr/2] (2-19)

g —-A.B — by, 2/2

FiGir)ge o= e “explA, ge T —otr?/2] [1+00" ") (2-20)

oA71A HAL GoF A S 47 7He2 e AR AR 9 BR HeE

B eolrel 4 BHE Yendt, w3 A
A

Ulo
L
ful
=
i)
’r_‘

B2 A%E Y™, By, B,y € 4%
Btk of & 72 5ol AR vEhlY, 0( )& LAY, bat 3 EWIE, ax 7
A (217) ~ 4 (2205 Btskalr] skl

Opop= 20,(1+T) 17 (2-21a)

71, @ & BIZFAA AR Y HUERE Aot

€= OZE, €= OZEO (2'21b)

919} o] B, 4 2
A Fedee Yehits 59
Webd AR, BE Agol Ud AeslE SERIPSE e} 2o] ok

18), (2-19), (2200014 r=a\ 7} HH, o714 A= EA o]



Pi(e> €)= 1— 60/ Jy (Ao Fy (iaX) 4 pdA 2-22)
0

AF &0l UF ST 4 218 4 200 &3] BN, thol 2A8 22

© m
Al

F(ir), = e D - exp[— c;f”AaQ)\Q/Q] (2-23)
m =0 :

2] (2-22)°1 4] (2-23)E t 43k, confluent hypergeometric3H+5 AM&-3te] 25314 &

€o
4= 1—e : S : F1 [1a2a ) ] (2-24)

o2 9t 4 24N AF THNZ e TAS HSAIR [17 5-5], [
5613} 2ol TA7} 312:3ol e} Rayleigh £E340] gasthe 54¢ Uehinl, 1A%
AL AR AAS BHAAE ABAY 480 FERE} AL 6] 15}e]
7behe §5Ae vEhith



(02 5-5] AS E20 Chsl ANE HERE (A-0.12 BS)

n

€. (dB)

—40

10T ¢ 1020 40 B0 By S0 9B LI ]

[0 5-6] AZ 30| Cfel HME HERE (TA-1042 Z9)

4D
20
0 Ar=0.5
E Ar=10""
L]
© Aa=10""
-20
40
16'18%1 1 1020 40 60 B0 S0 85 38 93
Py (& >8°)



OF, o] AwBASIAA FIT B0 YBAASE ABR SRS T ATSENT
f‘l(lr)(B+ G)—-1*= eXp[ bIOéABOé _AO'GOLQ)\Q/Q] (2 25)
Fir) (5 o) = € “expldge 2)2/2] (2-26)

o] QolAit}. o]5 =
ole) 43} o] AL 4 itk

an

an
F(1+T)1F1 (1+ 7,2,_ 6(2)) (2-27)

A7 ey= (e4N,))/2Gy, A = A,/2°Gs  ©H, Ni = scale factor, GB & FS9
o] B¥s el

S 2ol UEhd confluent hypergepmetric 5 B #aol 483 ve FaE5
ofel v 2ol ZAAE F A
DR A0 ) ala—p+1)
(o, 8,— ) = T—a)® [1+ . (2-28)
ala+1)(a—B+1)(a—pB+2)
+ ; ]
2lx

forxz®> 1

A 2285 4 (2279 HAFO =N GG 114 & > epd7-oll e FELETF 7} &

SR,



A (_ )IIA"L F(1+g)

~ o 2
3 & ¢ E (2-29)
=l ra- S0
SIS N
260
fore?s 1

o714 Aa = A& YEXA AFoln

Tk 9 H o tiaire= 2 (2-24)0 2] (2-27)2 HAT22ZH g > epd-F-oll gt &

. N AB AIIL

P(e> €)p = —— expl—€2/20° 4] 2-30

1 0/B—11 4Gé7n20m p 0 B (2-30)
forey> €p

714 omBE BEF F-&oA 7} Aol Hxjolu)

2 (229)9} 2 (2-30)% o] &ate] AF QB2 AF Aast LAY DTS aS WA
7|WA BF &Ll tlsh APD 2Alo] Walsls AuE (18 5- 7% [2¥ 5-8] o e
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(22 5-7] B2 2ol olsf AME HBRT (012 ZP)

80

&, (dB)

20

-20
16°16°.1 1 1020 40 s 8 9 95 98 99

P, (& >E&,)

(22 5-8] B TS0l o3 AME HABEE (A-1.02 B9
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— e e
g o A:, 10 2
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0
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Vn = f(t)
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t]

2nm
7T
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Z An exp [
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f(t)

o37)4, An 2] (2-33)¢} 2t}

(2-33)

2nmw

f(t)exp[—j T t]dt

T/2
T/2

/

1
T
& 3 GoIA (08 77 Il T

An =

i

(2397} (2-35) 2 A=
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1% 3H+ (Probability Density Function : PDF)
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: PDS)

(Cumulative Distribution Function : CDEF)
: ACR)

(Pulse Duration Distribution : PDD)
(Pulse Spacing Distribution : PSD)

(Amplitude Probability Distribution : APD)
A& AZ E¥E (Noise Amplitude Distribution : NAD)

(Cross-Correlation Function : CCF)
H (Power Density Spectrum

& (Average Cross Rate
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L (Time Probability Distribution : TPD)
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= hm—/ f ft+71)d (2-40)
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71N REyE 27 A0 Ree 54 Aedt Fa3 @5o)w, ROE AR
i A ekt f(y7h 245 B HH 02 AYSHA R
owl 7] Tel B4 1ol glolX Hegkg zech
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(Power Spectrum)& 319, F59] 1f 54L& BAAY #E3 A5s Eeshe 3
o] 7Rseleh ey A7) A% Folae 518 mokd gk Frrt &8, WY Y

5 sfEdoE el oe Hust £ad,

B) A& 4F &< (Cross-Correlation Function)
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V[t]
Peak Value for the
time period T
/\/\ Pulse spacings
at leve Vi
Wi n
Pulse
Duration Possitive
atlevel Crossing
Vi at level Vi w
Vi1
“ Pulse Possitive
Duration Crossing
at lavel Vi-1 at level Vi-1
.
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(7) W X2 WAE (Average Crossing Rate)

B[t F2d aakgolg ofWl SAA T Fetol] #4719 S0 ' Yeos 339 ¥
E7F [25-9]9F 25 W, S| ATt SR 2719 4] 71L7E 7Y wAlste
(positive crossing) & AZteg Wro] HA g UERd ojtk o] e 4o w ¥¥
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PDD[Q} = fw Pd[yij}dt (2-57)

9) 2 7tA EX (Pulse Spacing Distribution)

B M4 FE= ol AT Bl FA719] 2502 Yo vy FE7t [

PSD[—S} - [P, [i} dt (2-58)
i 0 Vi
(10) 5 HZ 3 (Noise Amplitude Distribution)
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jid Trace 1
Mean -103.53 dBm
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® s 368 10 iz
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Trace 1
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=% EMI Chamber & &3
e g AR A4S 4 SRS A3l AEA T FHolA 2o A5
10m EMI AHoA] olele] 274 271 2 A3 mre} /149 A% 2 O AT AFA
o olal A A+ F A+ 4 3] el 9 SEE 944, 60km/h, 100km/h

AeolN S4E AAsa APD #4498 245

2. xSA 8% 7l

[® 5—1] ASAI EMI Chamber £4

- Size : 25m(L) x 16m(W) x 8m(H)

- EMI/EMS Test : 10KHz ~ 18GHz

- Shied Effect : 60 ~ 100dB

- NSA (Normalized Site Attenuation) : +4dB (d=10m, v=6m, h=2m)
: 3dB (d=3m, v=3m, h=2m)

- Site VSWR : < 6dB (d=10m, v=6m, h=2m

: <5dB (d=3m, v=3m, h=2m)

- Field Uniformity : 0dB, 6dB for 12 points (75%) (80MHz~18GHz,d=3m)
Ambient Noise : 6dB below CISPR 22 Peak Limit (150KHz~18GHz)

: RBW 10KHz, [FM: 88 ~108MHz/DMB 174~216MHz|
AAA), 60km/h, 100km/h (01]0195 : ON/OFF)

7 &5 9 e ol AR} W $:3)

~HEY 24 > APD =4

- ol OFF — 35 24 EH

- ool ON— FS ~HEY =4 > APD =4




[O2 5-14] K3(I&ZIAZY) FM &S 5% APD

[Gunsan] K3 / FM / Driver Seat [Gunsan] K3/ FM / Passenger Seat
1 10° 2
APD — 0/0FF
— 0/ON
10 10 60/0FF
— §0/ON
(A K3 — wior
[EHQ] M > bl G 10 — 100/0N
g
10 10
10701 101 i
1070 0
=105 =95 -85 =15 =65 =55 =105 =95 -85 =75 =65 =55
Level [dBm] Level [dBm)
v [Gunsan] K3 / FM / Rear w [Gunsan] K3 / FM / Front
N — 0/0FF .
— 010N
w0 60/ OFF 107
— 60/0N
- 100/ OFF
10 100/ ON 10
8 i &
g =
1w 10
10 5 10"
wn 107
-5  -95 -85 -15 =65 =55 -105 =95 -85 -75 65 =55
Level [dBm] Level [dBm]

[32! 5—15] K3(7}&2IA12) DMB &5 =8 APD

- [Gunsan] K3 / DMB / Passenger Seat - [Gunsan] K3 / DMB / Driver Seat
107
MK | .
[CH%] DMB| 3
0
10
100 10718
-105 -85 -85 =15 -65 =55 -105 =95 -85 =15 -6 =55
Level [dBm] Level [dBm]
w [Gunsan] K3 / DMB / Rear - [Gunsan] K3 / DMB / Front
— 0/OFF Y
— 0/ON
10 60/ OFF 10+
— B0/ON
100/ OFF
107 t {100/ ON 107
& : ]
g
w0 ¢ 107 | — 010FF
— 0/ON
60/ OFF
10" 1 T T 1070 ] 0/ON 1 T 1
— 100/ OFF
— 100/ 0N
00 10 ;
-105 -85 -85 =15 -6 =55 P -85 =15 -5 55
Level [dBm] Level [dBm]



[12 5-16] FIL(ZRA) M 2 55 APD

w [Gunsan] Carnival | FM / Passenger Seat - [Gunsan] Camival / FM / Driver Seat
APD — 0/0FF — 0/0FF
— 00N — 0/ON
107 60/ OFF 10 60/ OFF
— G0/ON — GOJON
[XI-%F] 7|»L||!l:_}' 1001 OFF — 100/ 0FF
ol R e SR — 100/0N 10 — 100/ON
[EH A1 M §
10°¢ 10°¢
FOPR (N— — AN . 1 i
102 100
-105 -85 -85 =75 -85 =55 -105 -85 -85 =15 -85 =55
Level [dBm) Level [dBm]
1w [Gunsan] Carnival / FM / Rear w [Gunsan] Carnival / FM / Front
— 0/ OFF — 0/0FF
— 00N — 010N
10 60 OFF 107 60/ 0FF
— 60/ON — 600N
— 100/0FF 100/ OFF
10 — 100/0N | 1071 — 100/0N
i ; |
10°¢ 107
LS it 1 1 w0
1w T 10
-105 -85 -85 <15 -85 55 -105 -85 -85 <15 -85 =55
Level [d8m] Level [dBm]

(22 5-17) FIIL@RA DMB TS =& APD

- [Gunsan] Camnival / DMB / Passenger Seat g [Gunsan] Camival / DMB / Driver Seat
APD — 0/0FF — 0/0FF
— 0/0N — 0ION
107 60/ OFF 107 60/ OFF
— G0JON — G0JON
[XI-%I:] ;I'ng 100/ OFF 100/ OFF
107 <= 100/ON 207§ = 100/ ON it )
[Ch%] DMB |3 8 B
g g
107¢ bl
10 1 10 i
10 108
-105 =95 -85 =15 =65 =55 -105 =95 -85 =15 =65 =55
Level [dBm] Level [dBm)]
w (Gunsan] Carnival / DMB / Rear - [Gunsan] Camival / DMB / Front
— 0/0FF — 0/0FF :
— 0/ON — 01N
10+ 60/ OFF 107 60/ OFF
— GOJON — G0ION
— 100/ OFF 100/ OFF
107 = 100/ON 107 { — 100/0N
-1 ]
g g
107 10
10" T 10
e

10710
105 =45 -85 =15 -85 =55 -105 =95 -85 =15 -65 -55

Level [dBm] Level [dBm]
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[j_El 5— 19] FM 37;”7| in xm

To Tunnel

10 dB Z+27| 1 dB step 227

7t 13 A

o B Mol A% Y3 F A BeIN 2

o 74 HZE

- Al Als s 54dBuV/m AHNA 71 HZEE
-10dB #4715 T3l 9 NS E A7 7Y HAE
- 1dB 74202 8255 A7WEA 74 H2

- Fol 8 7HA s 4] % 7Y HEE

[02 5—20] FM 77| 3 54dBuV/m X|HoIM 71 B|IAE




[O8! 5—21] FM SH7| £ 44dBuV/im X|&™AM 7S HAE
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[O8 5-25] FM SH7| &3 23dBuV/im X|&ofAM 718 HIAE




%4 23} 34dBuV/m F4 AARE AN 7H FaEhe, 25dBuV/m 4l A
F59 4TS W) AFste] 8BdBuV/molARE 4 S4Bl
o 2y 7P A1 HA 4l dE Q) 23dBuV/molME Al

A
e AFE 2 olgdwol flo A A Al A A3k Aol M gl At
Z

m

do e

e
of

. olF A¥

o B A1%-%3 2% 60km, 80km, 100km FHEE o]

4

e

o 7F4 HIZE

-2 AE #ES 54dBuV/m AN 71 HAE

- 10dB #3715 B3l 29 AsE #3A7]3 7P HEE
- 1dB 7HHo2 EHNEE AAA7IEA 71 HAE

4 7 2945 24 2 A s

- gl
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, 100km S 243 23, B AABE Sadby
dBuV/m9] e &=k duglel FEabl SAHUL, BT AAGE UdB

A FYEEE 60km, 80km,

V/m 2 48

1V/me] A= 80km £E7HA] Fsshy 1 o]} & FRrAE ofghe] w Aol
o 718t e A 7310 A BE 2AGA B AT Bol HolA

A=A SHAHI BFo R wHsGASARE A4 HF 2 ou|dge] AV} §le






A6F At AH]

A1 Auls 22 71E 9% 78

719 A%

95
(Noise Figure), @T27] Stelu} &8

17]9] Mul F49] 7% &
(Location variability), G|t

Ay A
(Receiver sensitivity), @&27]9] A4 FHA|4
A HEE
(Environmental and Man made noise levels)

= .
4 o]5 (Receive aerial system efficiency), @74
#7398

o] B4 (Height loss), ©3%

]

13

o7 B 4 3t
A2d M AHlx =4 7)1& A
FMAHI 2 £ 7Ee oA S48 o8 711 AA ZARE Foke] ERlE 4
53 7 2 BHEAE Bl TEagon, HEHo T HA A AALEE 41.72dB
uV/mzZ AHEE A
AR AETAE U <% 6 1>3 2t
<# 6—1> FM Mu|A ZE 7|&
T 5 7123k H| 1
Required Audio S/N [dB4W] 30 Jg= 1 F=
21 J& A4 [dB] 7
F7F AFFS A4 [dB] 3 Hal A3 4
A A A4 g [dBm] -100
g1 QY =o] B [dB] 11 10m —> 1.5m




. WA etE A M R Ax
o} ol ~
FA eI Y [ ololE e} 717
w0 ey Ao Az AR |
[dBuV/m]
g (%) %0
Distribution Factor 128
ITU-R P.1546 <A
SEEHA 447
Location Correction Factor 5.72

(22 6-1] 48 $47[ 341 2y

Sensitivity (conducted)

70
50
= o
= 50 e
g a0 ::.—/"" RX'A’
£ 30 RX'B'
% 20 .
:—_:; 10 J’J_'//
[ 2 — RN
0 ’/’
—RKIL'
B

-20  -10 o 10 20 30 40 50 60 70 80
RE input {dBpV)

=L B
o RX 'L’ : X% %28 CD/DAB/FM/MW/LW #-& 5=217] 2000 212
0 A 7% ALgale] ol M3} 74d0] Gl Shielded Chamberd] A 471] 441 24
=7
o dBm = dBuV - 107 °©]E& 17 dBuVE= - 90dBmol 3%
0 90dBm YA $417)9] FEA% 10dB o FHOE A2 Y AP - 100dBm

o



A3 DMB AMHlx 3 7|FE
DMBAMIZ: £ 7138 94 ZHE e /b4 A4 $7 2AHE Sstel selE 4
53 7t ¥ BARAE Folo] =@agor], AFHo2 b £4 WAYEE B64B

uV/mzZ AEE A
AN AETAE U <& 623 2t
<E 6—2> DMB MH|A =& 7|&
T 71EH Hl 3
T3 [MH] 200
# 2~ Carrier to Noise &% [dB] 11.9 Table 1 =
Noise Figure [dB] 6
0% [MHz] 1.536
7719 949 F& dE [dBm] -136.10
A& A A5 G [dBm] -124.20 = -136.10+11.9
QtEIY o] 5 [dBi] -10
Effective Antenna Aperture [dBm?2] -15.32
A [dBW/m2] -108.18
dBuV/m =
A7
AZ= [dBuV/m] 37.62 dBW /D #1458
0.30 ITUR P.37213
90
ITUR P.1546 <A

42 52
40 Qe A} Az A
DE4S JF [dB]
FaE (%)
Distribution Factor 128
FrAA 447
Location Correction Factor [dB] 572
¥ [TECH 3391 : Guidelines for DAB Network Planning 2018 2]



<E 63> xid EAH AMSCH =]

. Gaussian . .
Protection Code Rate ol TU12 RA6 Approximate bit- rate
Level dB dB (Mbps)
dB
EEP-1A 025 3.7 78 78 0.58
EEP-2A 0.375 44 9.7 99 0.86
EEP-3A 05 56 11.9 12.6 115
EEP4A 0.75 8.6 181 20.7 173

¥ Gaussian Channel : $217)7F 4 Al g =24
¥ TU 12 : 4= 5km/hZ 39 wo] A Ad 2
% RA 6 : 120km/h2 44 W] Az} Ad 29

¥ B xoMe Ad A3 AluE 29 741 A oA 214383 & Code rate
059 A3 TU 12 g ZdL 2&



ATd 4 &

2 d7e B 2 AsgketelA e Ad - FA F2 71l diE d7EA A7t
A= AVge] &9 AHel ek FM/DMBS] A 4l A= ek 71Ew e,

Bld 5 Astagto] tig AdEE FAVIE A AT 3 EAo] /isid

olol wet Bd W) gl B A es AT, B W AR Az 5
A RABE 717 B 918 54 AR FRL WAE el 1A shekeE A3
Bl A3 $AS AN BN ATHAL AN B AP

o
FR8 HE PAPIRL olo] U AT 242 Gl FEYA e )7k
o

A% gl g
S Fh AR A 0 A AN BYEE FGES IM/DMB 55 ol
ME S5 $as

= B AAYE 2 F¢ 5 Bae) 7ol v (59 43 A, B4 2
2715} 0l ) Thyshl W 4 Sla, APEAYIA BYEE B et oz o
& tj] Aol ZAY W A Aol P WALEL A2 A G2 A7)
2GR 2HT TH B ZHL F9) A He go] AR M)

=
2o VAL GFE ZASD BAte] AE $4 Ak AAGE )20l wrgsk

BAAT 2 AT AL AdiEe) WARE 12 2HsE gedde) G5
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1. Ideal antenna

This type of antenna is a quarter wave monopole mounted near the roof centre, or
with at least ©+ wavelength of ground plane (metallic roof) in all directions. The pattern

is approximately omnidirectional in azimuth and the gain is typically -2 dBi [C1].

Figure Cl: ‘Ideal” Quarter wave monopole on car roof

2. 1+ wave slant whip

This type of antenna is slanted, typically at around 30 degree from vertical and can be

a good

solution with performance near that of the ideal antenna above. It does however

suffer from deep

notches in the horizontal antenna pattern if placed close to the roof edge [C1].
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Figure C2: Quarter wave slant whip on car roof

3. Shark’s fin antenna
This type of antenna is aesthetically pleasing and a reasonable omnidirectional pattern

but it has a low gain of approximately -8 dBi (-10.2 dBd) [Cl1].
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Figure C3: Shark’s fin antenna on car roof

4. In-glass antenna

In-glass antennas are usually placed on side and rear windows and consequently



usually have notches in the horizontal antenna pattern. They also usually have low gain.
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Figure C3: Typical in-glass antenna patterns
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