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SUMMARY

This paper contains the previous study of regulation in preparation for
the introduction of terrestrial digital radio broadcasting service, the
revised regulation of test method for cable broadcasting equipments.
frequency interference analysis broadcasting frequency assignment,
international registration for our broadcasting frequency protection at

the border of a country. The main issues is showed as the following.

National Radio Research Agency(RRA) performed the previous study of
regulation in preparation for the introduction of terrestrial digital radio
broadcasting service, and proposed preliminary draft broadcasting
technical regulations for each broadcasting systems, DAB, DAB+,
DMB-Audio, HD Radio and DRM+.

For test method for cable broadcasting equipments, there was no the
public test method for equipment certification, and it was difficult to test
in the designated test agencies and the manufacturers. So we revised the

test regulation for the test equipment, October 8, 2012.

We analyzed frequency interference of 454 broadcasting stations(DTV
367, DMB 34, FM 52, AM 1) before KCC’s frequency assignment and 1

AM broadcasting stations before registration to ITU in Japan.
Also, we noticed and registered 187 frequencies of DTV broadcasting

station to ITU BR in oder to receive priority protection for broadcasting

frequency use.
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< FCC, 47CFR §73 Subpart C(E]A€2t] Q. <)

§ 73.401 Scope.

§ 73.402 Definitions.
(a) DAB, (b) In Band On Channel DAB System, (c) Hybrid DAB System, (d)
Extended hybrid operation, (e) Primary AM DAB Sidebands, (f) Multicasting,
(g) Datacasting.

§ 73.403 Digital audio broadcasting service requirements.

(a) Broadcast radio stations using IBOC must transmit at least one
over-the-air digital audio programming stream at no direct charge to
listeners. In addition, a broadcast radio station must simulcast its analog
audio programming on one of its digital audio programming streams.
The DAB audio programming stream that is provided pursuant to this
paragraph must be at least comparable in sound quality to the analog
programming service currently provided to listeners.

(b) Emergency information. The emergency information requirements

found in §73.1250 shall apply to all free DAB programming streams.

§ 73.404 Interim hybrid IBOC DAB operation.
(@) The licensee of an AM or FM station, or the permittee of a new AM

or FM station which has commenced program test operation pursuant to
§ 731620, may commence interim hybrid IBOC DAB operation with
digital facilities which conform to the technical specifications specified for
hybrid DAB operation in the First Report and Order in MM Docket No.
99 -325. AM and FM stations may transmit IBOC signals during all
hours for which the station is licensed to broadcast.

(b~ (e) : B =F (7IE} DAB &9 #dA Al
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- CFR §73.403 (2011): Digital Radio Service Requirement
- CFR §73.404 (2011-10-01): Interim hybrid IBOC DAB operation

- MM Docket No0.99-325: Media Bureau - Digital Radio Broadcasting
(Digital audio broadcasting systems and their impact on the terrestrial

radio broadcast service)
- FCC 02-286 (2002. 10. 11) First report and order

- FCC 07-33 (2007. 5. 31) Second report and order

(A

FCC 71&7]FNA 88 FFEAE e 2o

- NRSC 5C: In-band/on-channel Digital Radio Broadcasting Standard,
September, 2011

- ITU-R Rec. BS.1114-7 System C: Systems for terrestrial digital sound
broadcasting to vehicular, portable and fixed receivers in the frequency
range 30-3000MtL

- ETSI TR 103 216: Electromagnetic Compatibility and Radio Spectrum
Matters (ERM); System Reference Document; Technical Characteristics
for HD Radio In-Band On Channel Digital Broadcast Systems for Band
IT Broadcasting Service, within the frequency range 76 M to 108 Mt

- ECC report 141: Future possibilities for the digitalisation of band II
(87.5-108Mt), May 2010

- Doc. No. SY_SSS_1026s rev. F, HD Radio FM Transmission System
Specifications, iBiquity Digital Corporation, 8/24/11
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ool fAEgt e FFFAI(NRSC 5C (In-band/on-channel Digital
Radio Broadcasting Standard)ollA] AAIZQl 8 FAFES 23dstar 9lom,
NRSC+ NAB(National Association of Broadcasters)®} CES(Consumer
Electronics Association) A€ Wro} AAE H|gg] =7} 7]#o]™, NRSC
5CAlA 1-E&H 7]& & Al (normative references)v T3 2Tt

[1] Doc. No. SY_IDD_1011s rev. G, HD Radio Air Interface Design Description -
Layer 1 FM, iBiquity Digital Corporation, 8/23/11

[2] Doc. No. SY_IDD_1012s rev. F, HD Radio Air Interface Design Description
-ayer 1 AM, iBiquity Digital Corporation, 8/23/11

[3] Doc. No. SY_IDD_1014s rev. I, HD Radio Air Interface Design Description
-ayer 2 Channel Multiplex Protocol, iBiquity Digital Corporation, 8/23/11

[4] Doc. No. SY_IDD_1017s rev. G., HD Radio Air Interface Design Description
- udio Transport, iBiquity Digital Corporation, 8/23/11

[6] Doc. No. SY_IDD_1020s rev. I, HD Radio Air Interface Design Description
- tation Information Service Protocol, iBiquity Digital Corporation, 8/23/11

[6] Doc. No. SY_SSS_1026s rev. F, HD Radio FM Transmission System
Specifications, iBiquity Digital Corporation, 8/24/11

[7 Doc. No. SY_IDD_1028s rev. D, HD Radio Air Interface Design Description
- ain Program Service Data, iBiquity Digital Corporation, 11/7/07

[8] Doc. No. SY_SSS_1082s rev. F, HD Radio AM Transmission System
Specifications, iBiquity Digital Corporation, 8/24/11

[9] Doc. No. SY_IDD_1085s rev. C, HD Radio Air Interface Design Description
- rogram Service Data Transport, iBiquity Digital Corporation, 2/7/05

[10] Doc. No. SY_IDD_1019s rev. G, HD Radio Air Interface Design Description
- dvanced Application Services Transport, iBiquity Digital Corporation,
8/23/11

[11] Doc. No. SY_IDD_2646s rev. 02, Transmission Signal Quality Metrics for FM
IBOC Signals, iBiquity Digital Corporation, 8/24/11

[12] Doc. No. SY REF 2690s rev. 01, Reference Documents for the NRSC
In-Band/On-Channel Digital Radio Broadcasting Standard, 8/23/11
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2) I=

Fdoo] WEFEFA A 7B Ofcom(Office of communications)?) ©]H,
Fd=9 7le7lE2 WTH U5 5 278 Wl s A= v WTH
(Wireless Telegraphy Act)> $417] 2 WAMIS 9 ] ]‘34 W&
(Broadcasting Act)2 H4TY 2 L &
N E) B AEEol UREY AL G g

F=9 gAY 7|E7|Ee Ofcome “UAE  7]& 7] (digital
technical code)”d3olA A3t JdoH, 7|&7|+ W& UAEHYL ZF
ETSI 300 4014 “g3st= FAWES A9 - AHGAY F7HE WAt
dom 7)&7|FEoA AgE A ETSI ¥ (ETSI 300 401)014 A3+ AakS

L3l ot gAdgig e HEgZd A 571 #d, 7|E7]FL “Technical
Policy Guidance for DAB Multiplex Licensees”| A #7383t A3}S m=11
.

HE|Z 2 ARIREY] M|z A g - 7152 ETSI 300 401 £FS wfof gt
ZIed FAEARE &%) #d, 2gEd 29 /8 =2 digh A
g9 H20 wzol ofsl AT B FANF S, AR AEWULS “DAB
HEZ Y2 AMGAE 918 71EA 3 7}o]=(Technical Policy Guidance for

i
HN
o
o

DAB Multiplex Licensees sttt "HElZY 2~ V|Esdg e gLy 2o

20 E A g

= b Zolol X-PADY) Ee HAIE
F-PAD9) (A Zzx Z3td o]E)oA 0.667kbps(24kbps A Z5=3}5=o]]

2) http://www.ofcom.gov.uk

3) Ofcom Digital Technical Code(2010%)

4) X-PAD(extended programme associated data) : 27 213 Zgtd|olg
5) F-PAD(fixed programme associated data) : 1% Z213 %3 t|o]g
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0.334 kbps)E E3}3tal, short F-PADOIA] 1.333kbps(24kbps A &3}l 4|
0.667 kbps)= X33l thd B o9 AMulzd B2 Ig&S

5 LERH T
E 6 BEHEE 2 VledE WA (A4 HES A8

Au| = & full-rate 9 & half-rate 393 &6)
SoF Mul2, 2HE L 128 kbit/s 96 kbit/s
ot AHl &, B 64 kbit/s 64 kbit/s
SA Aulx, 2EH YL 128 kbit/s 96 kbit/s
=+ AHlE, B 64 kbit/s 48 kbit/s

w3 WE|ZU A 27)7|% BE, HE|Z YA Mu)a 22)e z2 a8 A2xe)
Holatolof kR, MCl 74 ABE H2 10¥/sec o4 Adatalol ach
FIC Wl AEEH= MUEAHEEGDE REEHo 2 Agstoior s, toly
AH| 227} FIDCAA HAEETH FICY Z3E(overflow)=s olH] RIS
g3l Agaodo} k.

W HEEY 2 9 ANH]A FA] (Multiplex and Service Features)
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37 HESY s MEs

QT AE & =X (=1

A4S 1D ™31 | Unigue for each multiplex. Allocated by

(Ensemble Identifier) Ofcom from the range: (Hex) “C (0-F)
(8-F) (0-F)”

QAE oty %3 | Unigue for each multiplex. Proposed by

(Ensemble Label) the licensee, approved and registered by
Ofcom

=2J} IE Code | Country Code for UK is (Hex) “C”

(Country Codes) Extended Country Code is (Hex) “E 1”

22X LAl Code | Not compulsory, but must be accurate if

(Time and Date) provided

NSAFol & 2t ™31 | If used, to be proposed by the licensee,

(Regional Definitions and and approved and registered by Ofcom,

Labels) at least until the desirability of
standardisation across multiplexes has
been further studied

T 2E(= 1D & 2 D) M3 | Not required, but if implemented, to be

(3= ID : 00-45 Hex, advised (by transmitter) by the licensee,

£ ID : 01-17 Hex) and registered by Ofcom Licensee will
require to ensure that where Sublds are
intended to be re—used geographically,
respective transmitters”. outputs do not
interfere with each other. Ofcom may
apply constraints to ensure that Sublds
are compatible with other co—-frequency
multiplexes

ol @Al ™31 | To be determined by the licensee and

(Timing Offset ) notified, for each transmitter, to Ofcom

0L MHIA ID ®31 | Unique code for each service, regardless

(Service |dentifier (Audio))

of multiplex. Allocated by Ofcom from
the same range as available for RDS Pl
Codes, ie: (Hex) “C (0-F) (8-F) (0-F)”
To date RDS Pl Codes have been
confined to the range (8-B) in the third
digit and the intention is to allocate Sids
from the remainder, ie (C—F) in the third
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digit. Where, however, a service is
simulcast on both VHF and DAB, with no
opt-outs, the existing Pl Code may be
used as the SId also. Alternatively
different codes can be used and
connected via a suitable ,.linkage".
mechanism

GIOIEl MHIA ID
(Service |dentifier (Data))

Unique code for each service, allocated
from the range: (Hex) “E 1 C (0-F)
(0-F) (0-F) (8-F) (0-F)” It may prove
useful to use one of the digits (probably
the last) as a means of qualifying data
type.

MHIA gl
(Service Label)

Similar to RDS PS Name. Unique to
each service. Proposed by the licensee,
approved and registered by Ofcom

olgt 74 ¥is

(Linkage Set Number )

These are to come from the range (Hex)
“(1-F) (8-F) (0-F)” One LSN may apply
to services across different multiplexes
therefore until compatibility issues are
fully assessed, codes will be controlled
and issued by Ofcom in liaison, where
applicable, with the BBC

PT
(Static PTy, Dynamic PTy,
and Pnum)

Code

No requirement or prohibition, but if
provided it must be effective in
operation, accurate, and
non-discriminatory, and subject to these
conditions, it should reflect the
preferences/advice of the programme
service provider (including simulcasters).
Static PTy should be provided if dynamic
PTy is not. The presence of PTy should
be flagged according to whether static
or dynamic.

zx B 4

(Minimum Protection Level)

Minimum levels, where required, will be
detailed for each service
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o) BEEY 2 9 AHl2 F4 (Multiplex and Service Features)

LY =ZYL& ETSI 300 401 ¥+ wa} ISO/IEC 11172-3 (layer ) ==
13818-3 (layer II) - LSF formats 283t} AEH FIre 48 e 4 o=
QYA AEstH, 1JIHE AHEst 2L li«l 2~10 Hz F3}
AES AATS & 2eiEzs I9E Ae A

Gtz A5t olF B3I 84U Br(1s
o A7])el A 58 dB(uV/m) 01 golofor s,

2 77)ell
o] AESH 65 dB(uV/m) o]Folojok .

7) Ofcom / Technical Policy Guidance for DAB Multiplex Licensees (2006.12)
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79 »AEHHe #d HES oS X8 Zo] EE AHlE
(Broadcasting Services Act 1992)” 3 “F-154] H(Radiocommunications Act
1992, "Radcoms Act" ©]2} AghH”o] Jor, o] HENdA #HA V|&r|ES
det=s skl Stk agja WEEAl #d Al 71Ee ACMA
(Australian Communications and Media Authority)°]™, YA€zt
Z1e71Ee Al - AR

=

8 =39 tAEAYL V=7E A

WEAE

ABE (71%H AY sfol= sfol=te A

WEAB (7€ 8 A g) 7te] =8l 2007
o (Part8) A Eet] e FAALCIE 9], WALAE, Xl QA ] tig FHA w0,
A2 AABE 5 14
o (BE96) "AEet] 2(DAB) 34 Block 774

< W& AHlA Y (Broadcasting Services Act 1992) >

5=
of
vo M K
32

'BsA'Z} Bejn), TiAEet e B Welsl 2= So) eS waetn Utk
o] HE S 33% “Development of technical planning guidelines"o| A= 1A
71890 ACMAZ} HiAEeld e Bl Fol=all e swe F95T o,
130AAZ "Technical standards for digital transmission - radio etc."o| A<=

ACMA7F HAd8t e #d 7|eREFS Fot=s: st Utk
< X354 ¥ (Radiocommunications Act 1992) >

de =

19,

"Radiocoms Act'®} EzH, #H3E 2L =2l

r

Ed (ME &)



g3 5o H&S EetaL Utk F o] MEONA WSAlel dE SHERS
B73l=E sl e, «dE W dAY 449 gL (AM, FM) B
golg AMulsiint olzt txEAE 2rje MBAE FA B £ =
71E WEo] Mul2 A3 o 128 kbps e HA HE|ZH 29 1/9 o]3E
g5 ¢ A=E 8sta vk 2E A gE AAGAHERE ofu gt tix gt
te 9y Eg 2 $A AMGAE B AR S EElete skl

< W& My~ 7lo]=& Q] (Broadcasting Services (Technical Planning)
Guidelines 2007) >

“BSA" 33x°| wE} ACMA7Z} AAS Zlol=giRlo g A W AW FHai
AA A=, B Muls Al "zl $417] ARlE WA FakE st
RoH, part 84 TXEg el A" FAHA YE7ES HAEL

At
< 3F9 gALHRYL VexFE AA >
7Y HAEHYL #d VERFS e EoF o] “BSA" 130AAX

et ACMACYIA AAFsIFo ™, &F 7|& HET(Australian Standard AS
4943.1-2009) 0.2 A4 = ).

ke

o

¥ 9 3F9 gAEgyL B NEEE AA

A 2

A130AAZ (FHIS 5 OARASS

£
rod
N
)
%
)

NNeRE

Australian Standard AS4943.1

(2009 Digital Radio - Terrestrial broadcasting Part 1 : Characteristics of

terrestrial digital audio broadcasting (T-DAB+) transmissions)
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7h 3Fe] F8 TlevE

7Y gAEHY L VIsrEe AR FoEHY (174 ~ 230 M) B
HAHETSI EN 300 401)l thet 74122 H&S b lem, 1 99 &
gAdett e Aulzor #hd yesolth dAder o9 B Ve
W8 a5 “E Auls j7ol oste] AFE TlERElA tEa itk

o ro to

S

SO AR Trol=giRls) e “kEAHI S W A3z wet s
WEFAALI)(ACMAYY 7L AT NNE7IEe2A FaEe g 2ok

d

D Introduction
“Holr FEAAN gAEeYL FYo dig HA FAFTEE 63 dBu/m=E
T3k Ut

@ Part 1 Start up procedure

Part 1914 g ggt] e Mulx A2 A, = ¥% U A2 93 &
AR FA71Y 7EAQ0 9 28s WAt A & Bl Bag A
AAHE Ak A

@ Part 2 Change of transmitter site procedure
Part 2014 $407] Alo|ES WASLA & Aol Bad FANY A4S
FASHAL Sl

@ Part 8 Digital radio
Part 894 YAt o thdt FA A< 7Ie7lEs BASA leH, 1
Yee ohdlel wet 2o

8) W Mu| 2 7 }O]‘EE}C\’J : Broadcasting Services (Technical Planning) Guidelines 2007
9) &5 WEEAY Y3 : ACMA, Australian Communications and Media Authority
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10 59 YA

>3 A Faug
- A4 th’: DRMT licensee, authorized person
1 Application of Part 8 ;}j ° P
- F9}4R 174-230M
5 Location of transmitter - FA17] AbelEx BSA A gL A9 el
site A A3l ok &
=4 A9g 93k $417]9] ERPE DRCP e
3 Effective radiated power ALE A7) AXol W 74 @S 234
T s
- DRMT licensee= BSA°] HWAIH o Ag&
95 Ak AW ANz SrEAS
4 Minimum level of service =) Aok
i t
reqirements - 42 ERPE DRCPY| WA® Hu] ERPHT}
5dB W& %k
- AEl2 219 Yol A 110 dBuV/m ©]4<] 4lE
H71E FAshe Tk 1%7) WA dEs
Maximum field strength o} 3t
5 within designated BSA -
radio area - A H].}_\- X]Qq% LHOH}V] 120 dBuV/m O]/b]'Q,] /1\_]_.?:.
A71E Falets elF7F 01% 183 1009
OIS WA BES sof &
2 gy 9% 1o AL 3
Maximum field strength /?]%7%}7]1]_'7? d-]gu\J /ﬂi}g‘]%;g —'s,—q :‘Zfo\:{]]]
6 beyond designated BSA o1 Ao A= = = o
d. b d A= 737“4 J_E /""7] 3 13 T A=
radio area boundary ZaE e oFg
- A ”et 97} B AHlzd] BlAE A
Interf h ek H5H] § WA
nterference to other
7 services - ql]‘f’—iﬂ'ﬂ% ] 94—@' ‘?‘_i%}\\l }\11211_)_\_0]] EHE:YJ.'
Hao = QIg B4 AR fAdEit e
licensee7} 3l 2&for &+
. - ACMA+E #3934 Block, nominal %417]
Smécf’le frequency networks| xjo]E, WA} SJEl envelope 2% uF ¢
8 and additional co-channel _ ~ _ _ .
transmitters - SEN]OH st FAAA AYFH FHL licensee
=L
9 Radiated signal - 2¥1EH w23+ ETSI EN 300 401 V1.4.19
characteristics 154488 &
Z=) DRMT: Digital Radio Multiplex Transmitter
DRCP: Digital Radio Channel Plan
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® Appendix 6: Digital radio (DAB) frequency blocks

339 gxdagt e Fu4(174 Mz ~ 230 M) Blocks TS 3¢} o] H¢
skar it
% 11 59 yAEagiy 2 534 Block
DAB | 33 4 Fa @9 3] &9 E
Block | TV | F3} (M) (M) BHE oo (dr) | BEd S (k)
5A 6 174.928 174.160-175.696 - 176
5B 6 176.640 175.872-177.408 176 176
5C 6 178.352 177.584-179.120 176 176
5D 6 180.064 179.296-180.832 176 336
6A 7 181.936 181.168-182.704 336 176
6B 7 183.648 | 182.880-184.416 176 176
6C 7 185.360 184.592-186.128 176 176
6D 7 187.072 | 186.304-187.840 176 320
7A 8 188.928 188.160-189.696 320 176
7B 8 190.640 189.872-191.408 176 176
7C 8 192.352 191.584-193.120 176 176
7D 8 194.064 193.296-194.832 176 336
8A 9 195.936 195.168-196.704 336 176
8B 9 197.648 196.880-198.416 176 176
8C 9 199.360 198.592-200.128 176 176
8D 9 201.072 200.304-201.840 176 320
9A 9A 202.928 202.160-203.696 320 176 ST
9B 9A 204.640 203.872-205.408 176 176 2?3’
9C 9A 206.352 | 205.584-207.120 176 176 °
9D 9A 208.064 207.296-208.832 176 336
10A 10 209.936 209.168-210.704 336 176
10B 10 211.648 210.880-212.416 176 176
10C 10 213.360 212.592-214.128 176 176
10D 10 215.072 214.304-215.840 176 320
11A 11 216.928 216.160-217.696 320 176
11B 11 218.640 217.872-219.408 176 176
11C 11 220.352 219.584-221.120 176 176
11D 11 222.064 221.296-222.832 176 336
12A 12 223.936 223.168-224.704 336 176
12B 12 225.648 224.880-226.416 176 176
12C 12 227.360 226.592-228.128 176 176
12D 12 229.072 228.304-229.840 176 -
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b to E o

7o yREIHY L JeRnTS FHoA AP E ETSI 1579 DAB+ 1
adlg FHEska ok et F4U& MPEG4 HE AAC W22 A3t Q)
3 9] A" #d &2 DAB WA FYsith. HE AAC v2 &
A= H BE3I} Fu54E 48 HE FASA Jor, YL HE
HA 8 Kol A A 192 k= A ok ESF R AT e AEEHE
2] E-& 2 #(Reed-Solomon) F& ¢} 71¢ A 2]H(Virtual interleaver) ¥ & &
A Atk 2 9] B doly A%, dHolE 43 ¥4, uF3 =4,
A, o7 A 2 4L wx 2 $4 210 52 ETSIS DAB W27

FYstet.

o O |o

1
-

579 gAgete JEEFS PN E7 A130AAZS] o
ACMAZE ARE ACEA 1 F8 WEe o Bo} 2tk EFE FAH
WEe Ax oal rEe) 28 EEES 975 on, Fxse EBE

FXE AS/NZS, 1SO, ISO/TS, ISO/IEC, ETSI %&=E o]t}

12 59 gAEgHL JExE W&
A & &
1 W9 - 339 T-DAB+ &7 ZZ7: audio/data 9,
v TSe] £, Ald 249, Hx Al~H
- Zx A ETES YA
2 A FE - 339 fA™EaY S E ETSIC T-DAB
EFE 7|Ho = g
- MPEG-4 HE AAC v2(T-DAB+)%F AF-&-
- VHF Band II1(174-240M),
L-Band(1452-14921z)
- 33} Block2 Band 119 7ME <@ ol
g, TV A8j=8F 3
N _ = o] ZEiylZ= O Al ALK
3 &9 implementation ﬁ_g 80 I 747 8] Fohg LA ALS
- A R I I, 000, IV
- MOT Slide Show: ETSI TS 101 4992]
enhanced profile%t A8
- E{g ETSI TS 102 371¢] advance profile¥t
A [
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W&

AlZE: UTC + LTO(Local Time Offset)

HFA A Fx3E A AS/NZS, 1SO,
ISO/TS, ISO/IEC, ETSI

51

Introduction

ETSI TS 102 536: MPEG-4 HE AAC v2
(DAB+)

Sampling rate: 48 Kbz, 32 Kk, 23 ki, 16 Kk
Sub-channel size: 144 CUs

Max bit rate: 192 kbps for EEP-3A

Audio frame: 20 ms, 30 ms, 40 ms, 60 ms
Audio super frame: 120 ms

Error control: Reed Solomon coding,
Virtual interleaving

1 Kk sine 292 A% d¥d: SMPTE RP
155

5.2

Transport of
AAC

ETSI TS 102 563

53

DAB signal levels

- ITU-R BS.645

ITU-R BS.1726

6 Transmission
signal

ETSI EN 300 401, TR 101 496-1, TR 101
496-2, TR 101 496-39] 7142l W& =3+

6.1 General 520 a7z WES 95le AR Y&

puade}

62 Radio ETSI EN 300 401: Clause 72 #|<]
broadcasting ETSI TS 102 563¢] MPEG-4 HE AAC v2
system (DAB+) 7+ AF&-

. - ETSI TR 101 496-1: MPEG Audio Layer II

6.3 System outline e g 49

6.4

System features

- ETSI TR 101 496-2: MPEG Audio Layer II

d We A9

6.5 Broadcast ETSI TR 101 496-3: MPEG Audio Layer II
network ad W A9

6.6 Registered tables |- ETSI TS 101 756

7 Transport

interface 7.1 ETI ETSI ETS 300 799

8 EMC 8.1 ERM ETSI EN 302 077-1
9.1 MOT protocol ETSI EN 301 234
9.2 IP datagram

9 Data protocol tunneling ETSI EN 201 735
9.3 TDC ETSI EN 101 759
9.4 DAB java ETSI TS 101 993




M2E EIXIEei 2

A =

W&

specification

9.5 DAB-TMC

ETSI TS 102 368

10 Data
application

10.1 BWS part 1

ETSI TS 101 498-1

10.2 BWS part 2

ETSI TS 101 498-2

10.3 BWS part 3

ETSI TS 101 498-3

10.4 MOT slide show

ETSI TS 101 499: enhanced profileTt A}-&-

10.5 DRM; EPG

ETSI TS 102 371: A3+ UTC+LTO

advanced profile®t A}

10.6 Intellitext

ETSI TS 102 652

10.7 DRM; XML

ETSI TS 102 818

10.8 TTI part 1

1SO/TS 18234-1

10.9 TTI part 2

ISO/TS 18234-2

10.10 TTT part 3

ISO/TS 18234-3

10.11 TTT part 4

ISO/TS 18234-4

10.12 TTI part 5

ISO/TS 18234-5

10.13 TTI part 6

ISO/TS 18234-6

10.14 Guidelines for
TPEG in DAB

B/TPEG Plenary Group 00/113
(2000-08-24)

11 Radio data
system

11.1 Cross-referencing
to simulcast
DAB

ETSI EN 301 700

12 CA

121 CA

ETSI TS 102 367

13 Interactive
services

13.1 NIP for
interactive

protocol

ETSI ES 201 736

13.2 Interaction
channel through
GSM, PSTN,

ISDN, DECT

ETSI ES 201 737




CIXIS SEAHIA OISEAS ot o

= oo

U Fas MHlE dg
1) m=

HD Radio™ ¥|= iBiquity Digital CorporationAtell A 7 tx€zit] 2
HAE WAoe=,  IBOC(In-Band-On-Channel)o]2tal% $of. 1990,
NRSC(National Radio System Committee)E FASZ TAEZHT L o
ek Q4 e ZE7] AlFete, 7€ A9 BHe WESS HEsiH A4y
‘jo]'v/‘c,\-“c}"]% A A 3= NAB(National Association of Broadcasters)$} €14

e

X] A|sh= ElA(Electronic Industry Association)d] F 159 TASZ

1996, HBE=H|2~Eo] Eureka-147 DAB, Eureka-147 DAB(SFN), AT&T
IBAC(In-Band, Adjacent-Channel), VOA/ JPL AlZ2=H"Hlo] 7l BE HollA
Eureka-147 DABY] $4A40] dZHgoy, 7|& olgd=za ght)e v ub
W s1E) AM, EMFSE elold A8 Fse 544 % A9
354t 19981, NRSC DAB Committee7} A} 7-4 5 A IBOC WH4]
g gy wE Aoz Y3t

O

]

r]

2000, W54 IDABE B8t e USADRI TR ¢+& 7]%9l
PAC (Perceptual Audio Coding) 7]&& HF3kal U= LDRO| &t
iBiquityAFZ ©ASIAT. ©] S A7IZ IBOC Al&F /e @dst {3

2001, Alz=Hle] F= H2EZE gaHdoen, 1 & 99 NAB RadiodlA
IBOC FMoll gk dukle] HF H7prh o] Fojxal, o] Z3E NRSC
aled 2002 =w®F, IBOC AM/FM] t3k 5918 A3l 2003

&
4RE 32 A%sar.

7l we] AT e $% A%

20073 10, Ulilﬂ 1,5167) A7) 226470 AEE W 29 5
24670 Aol WEEAI, 20119 6, 2,000097) o] WEAEL
Radio "] 0= ‘%}—g AH| 2 Fo]al 340070 o]/de] AEE 3
s 182 gAEHYLE £33 HE79 A= S
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Number of Converted Stations

2006 2007 2008 2009 2010

2004 2005
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HD1<]oll F714<¢1 w421 HD2, 3, 4 59
o]AFe] WrEo] /1o g AEHT Yk ot

S7HES HoEnh

Mumber of Multicast Channels
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2004 2005 2006
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Market Rank for Metro countiesd
| 1-10 11-25 [ 26-50
M 51-100 W 101+ HD Radio Signals
7] Non-Metro TSA

% 9 vl= Y] HD Radio W4 AWl A

3 13 v|=r¢] HD Radio <& d%

% Listeners HD2,3,4 Total Digital
Market On 12 &Older Channels Channels

New York, NY 43 75 % 31 66
Los Angeles, CA 45 80 % 32 70
Chicago, IL 44 86 % 31 69
San Francisco, CA 37 68 % 23 59
Dallas, TX 33 72 % 18 49
Houston, TX 30 77 % 21 43
Philadelphia, PA 38 89 % 22 57
Atlanta, GA 29 86 % 22 47
Washington, DC 33 79 % 29 53
Boston, MA 35 73 % 26 57
Detroit, MI 32 81 % 20 49
Miami, FL 30 88 % 18 45
Seattle, WA 33 77 % 28 54
Phoenix, AZ 24 66 % 15 36
Minneapolis, MN 19 72 % 17 32
San Diego, CA 27 53 % 18 41
Tampa, FL 25 80 % 20 42
St. Louis, MO 23 84 % 20 39
Baltimore, MD 38 72 % 33 61
Denver, CO 34 80 % 19 48
Portland, OR 21 59 % 14 33
Pittsburgh, PA 18 64 % 19 29
Charlotte, NC 36 72 % 26 56
Riverside, CA 40 65 % 28 62
Sacramento, CA 24 62 % 13 36
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Millions of Units

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Est. Est. Est.
29 10 WY uxdeite g @
Auto Aftermarket Home & iPod Docking Systems

AAPNE. J\C KENWOOD
SONY Prioneer

o> [

INSIGNIA

SONY penoN €8 polkaudio
onevo TEAC Gjpaware:
INSIGNIA

JENSEN'

Portable & Mobile
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2) =

A= gAdgr e AgAE AIFAIYGABBC), A= AAHE AR
(Digital one), 223 A FALE AR BBCAGEE 5082 ol
At} webx G=oE BBC, Digital One 5 2719 A= WE|Zd 2 Az}
dom 7 dEZY A ALYAE 2709 DAB Block(12B, 11D)& ARg-3ho]
gAdg e Mrl=E AlFsta o

05 35 9779 DABS} ol ZIFM AWIAE HAISHY L, oz
FME Y DAB AW A7} & H5S & = o

X 14 A DABS} FM B g A

T 5 A MUXAFE A §HA] BBC A= A3 drs
FEl7)FE 66.2% 92.2% 84.6%
DAB
T=27F 42.9% 73.4% 63.5%
T 7|+ 92.6% 94.9% 90.9%
M
T27)F 91.5% 93.1% 86.8%

b 9=e gARee % 2%

AR F2AIE 207 AE Bal Ax/AY HEEFY 2 AR I8kl
ATk F, A= AFGAR] BBCZF 20170, Digital One®] 1377] $AlAFo]Eof A
DAB AMH|AE AFsta Yt A4 &3S DAB Blockd] Hu A4L0] 23
Mbpsol el ZHIAEE AlQstd fF& HEES °F 1.5Mbps7tA] AHEE
At E= 278 A= DAB HE|ZE 2 ARAb] tigt iE W) AE
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¥ 15 A= DAB Block¥®} A B2~ HER%F

BBC national

12B(F A F 35 225.648Mk)

Digital One
11D(F 4 F 3 222.064Mk)

BBC Radio 1 128kbit/s

BBC Radio 2 128kbit/s

BBC Radio 3 160kbit/s

BBC Radio 4 128kbit/s

BBC Radio 5 64kbit/s

BBC Radio 5 Live Extra 64kbit/s
BBC 6 Music 128kbit/s

BBC 4 Extra 80kbit/s

Radio 1Xtra 128kbit/s

BBC Asian Network 64kbit/s
BBC World Service 64kbit/s

;1270 =239, & 1,136 kbps

Smooth Radio 112kbit/s
Talk Sport 64kbit/s
Classic FM 160kbit/s
Planet Rock 112kbit/s
BFBS Radio 80kbit/s
Amazing Radio 64kbit/s
Premier 64kbit/s

UCB UK 64kbit/s

Jazz FM 96kbit/s
Absolute Radio 112kbit/s
Absolute Radio 80s 112kbit/s
90s 64kbit/s

00s 128kbit/s

Absolute Radio
Absolute Radio
Absolute Radio extra 112kbit/ /s

; 1570 Z=2 9, & 1,344 kbps

% &X : Ofcom /| UK Communications Infrastructure Report 2011

EHEE
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= oo o= o =]

g=2] DAB AMH|2E 217.8 ~ 230.0 MiDAB Block : 10B ~ 12D)oll A <-83}a
Qo FE 2L MuAE 2108 ~ 2158 MiDAB Block : 10B ~ 10D) =3+
o] o]n DAB Block 5A(174.1 ~ 175.7 Mi)S A¥ DAB A& 93] A&
Al g o]},

g 2~ Digital Onex= Y=WE=/9 L =4 DAB Block 11D
FEWEA Block 12AE AHS-SHoh ths e} Zo] A= HH
BC+ Block 12BE AH&-3tal 21o™, AA| DAB Block 11AE A&-3lal

FA FAT FF FrHH R AT MuEAE AT ool

¥ 16 DAB Block(770)9] AM& &3

SAH A SEr= e H 3
Block s | 2280= | o
ST 2F A g A=

np |V = CPRES T g A -

DAB (&7 oﬂ)
11C | TV (ZF2 & oldAE) R R -
1D TV (T2 and o}¥AE) Digital A& )

DAB (M 2&xE) One
1oa | DAB (2719, ot =) A Digital i %sz

9AT gl (ZF2) K One g
op | DAB (2719 BBC BBC BBC

TA (ZF) s A= A=

DAB (ot @ =) o o R
12¢ | o (32 A A4 - 3o
12D | #A (2P 2% BE Aq | TG I

% &EX : Ofcom | Preparing for the Future, Appendix D: Options for DAB replanning
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alre ady on air:
Manchester
Lenden
Liverpool
Plymouth
Humberside

Changesto multiplexes

11C to 10B
118 te 108
116 teo 10C
118 to 10D
118 to 10D

M

28 13 939 A9 DAB F34 Block 3(¢h

x| : Ofcom / An approach to DAB coverage planning (2011)
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DAB Block 13 (VHF thY 1) ¥, T-DAB Block®] FAF3<FE 16 ki
Fopgeo] w42 E9slal 9lon, T-DAB Block?t B3 E 93] 176 ki 2%
s FEACH, 7 Mz HIEFE Zhes ofdZATV AJ=H] 45 AH
TVAd DAB Blockzt B35 E 93 320 Kz T 336 kS H3
Aok v 2-H EE 99 TVAIEW T-DAB Block T35 A3

Y
Fal

=
12
filo

System D System B

22i.25 224.25
System B/D
System B 229,75 System B
222992 229.992
i T i
I I NICAM
I I
I I
1 168 1160
: Ra— A 176 B 176 C 176 D ~ :kHv_
: 230 I = I = I = I : 2300]
223.936 225.648 227.360 229.072 230.1
223.168-224.704 224.880-226.416 226.592-228.128 228.304-229.840
Frequency (MHz)
‘:’ T-DAB-Block I:I Vision carrier TSou.nd carrier 1 f Sound carrier 2
!
¥ 14 TV CHI2™ A T-DAB Block ]3]
3 17 T-DAB Block®] 3} W 9]
T-DAB =4 Fug W9 4] Chl
Block S | F 35 (Mk) (Mz) Bt () | HIZo S (k)
5A 174.928 174.160-175.696 - 176
5B 176.640 175.872-177.408 176 176
5C 178.352 177.584-179.120 176 176
5D 180.064 179.296-180.832 176 336
6A 181.936 181.168-182.704 336 176
6B 183.648 182.880-184.416 176 176
6C 185.360 184.592-186.128 176 176
6D 187.072 186.304-187.840 176 320




M2E CIXEeir|e PSS 25 7SV |E Mal ot

7A 188.928 188.160-189.696 320 176
7B 190.640 189.872-191.408 176 176
7C 192.352 191.584-193.120 176 176
7D 194.064 193.296-194.832 176 336
8A 195.936 195.168-196.704 336 176
8B 197.648 196.880-198.416 176 176
8C 199.360 198.592-200.128 176 176
8D 201.072 200.304-201.840 176 320
9A 202.928 202.160-203.696 320 176
9B 204.640 203.872-205.408 176 176
9C 206.352 205.584-207.120 176 176
9D 208.064 207.296-208.832 176 336
10A 209.936 209.168-210.704 336 176
10B 211.648 210.880-212.416 176 176
10C 213.360 212.592-214.128 176 176
10D 215.072 214.304-215.840 176 320
11A 216.928 216.160-217.696 320 176
11B 218.640 217.872-219.408 176 176
11C 220.352 219.584-221.120 176 176
11D 222.064 221.296-222.832 176 336
12A 223.936 223.168-224.704 336 176
12B 225.648 224 .880-226.416 176 176
12C 227.360 226.592-228.128 176 176
12D 229.072 228.304-229.840 176 -

=
=

=% : ITU-R Rec. BS.1660-6 (2011\H)
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e AIHDAB), 919 R AlE HAL Leluie) v
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Year-on-year increase (percentage points)

Digital radio platforms share of all radio hours

30

25

20

15

10

Q1 Year-on-year increase (percentage points)

#2/5 +1:8 +041 +0.7 +01

26.5
Al digital DAB DTV Internet Digital unspecified

Source: RAJAR , all adults (15+), Q1 2011
Note: ‘Digital unspecified’ relates to listening to digital-only stations, where the survey respondent has not
specffied the listening platform used.

2™ 15 FH e FHAL] gALHH L Z9F ve

d=9 G FFPe= U 28 Zo] HA FYL HHY 63%7F
ZF ol A, 18%7F AFolA HHsta o, w=S 50%7F Abs ol A
A H st

= Aoz AL,

Home
63%

(- 6% over 5 years)

a9 16 2o e A
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[

o] DABF4A7] ¥3 A& E e 283 o] ok 1,300% ) o] 1
7 71 9H0%7E 7S BAsta 9lew, 20119 1Y) 71 obd R
FMa42171& 6605, DAB <4171+ 1909kt 7} ol = Ao

Total annual sales 9.4 million 104 million 93milion — 92milion 85 million

Share of sales 81.5% | 19.9% 9% 25% MA%203% 17.7%

83
11 743 7a
66
B Analogue sets
DAB sets
17 21 21 19 19

Yearto Q1  YeartoQ1  YeartoQl  YeartoQ!  Yearto Q1
2007 2008 2009 2010 2011

—_—
L]

Radio set sales (millions)
= ~a = [a»] oo

¥ 17 YL A7) A E st
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DAB 217] 714
Zoly v Hr}

0 ~ 184 FHF=(3+s} oF 47Hd ~ 407H)ol vl

rr‘—Ln-l
N

(r rlo

£500

Reporting method

£412 changed frem menthly

to bi-monthl

£400 v
—_—
£300
E174
£198 In-home

i g Else
£134 L e £74 ==
- o —. gg £90 £85

— —Car audio

£100 £91 £f9 £96
— - £78
£0 s = T Wese —~Portable
Q1 Q1 Q1 Q1 Q1 Q1 (&% al Dec- Feb-

2003 2004 2005 2006 2007 2008 2009 2010 Jan 11 Mar 11
Source: GfK sales data 2003-2011

19 18 DABSFA 7] H#F Hujrt4

i

DAB $:417] 58 #d, DAB $4171& 7|2 a}ﬂg 2 HIFL 2t]2 B4
a2 cdock #FHHL EBHY T2 UFoAH, XHE BHYY 71X HHert

F AS sk e, 2011d @A 7€ Bl 4171, WIFIE ©] &3t
AEU 2H e 223l ipod =7 Al=H 73%94 g e FAl7IEC] EAH L
Atk v 282 0de M DAB FAVIE HoFET
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AFE F417] o A= AdE FAFHA H Z2FS glon, Ofcomol A
7] AFAFEL 20133 LA =

g AN E Fo stk V&R Fl =
, At A wiEwE A7) AERE A
2011 7t iﬂ_xﬂ Z 1770 A5 BA=o|X DABFAZE A= sle] 4]

O‘@?Q gmm'ﬁ'@.

FIT DAB IN YOUR CAR BUYING A NEW CAR?

CEEROE
JAGUAR LML

a9 20 gAEHH L FA17
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3) 35

SFE 5709 Al A HoA] ‘0949 DAB+ WAoo 2 txggit]e A Y
WSS AlFEY, ‘09.8€ 6 FAAR FEABIAE AT RS
AH)| 22 3

¢}

H 7o wel d=A] W3] A Y(metropolitan licence areas)® AW ™
A9 (regional licence areas)= T-E-sfil Qo™ 2013 d & ofG=E1 TV W
TEH7] A7AE A W Ao distd fyAEer e WE AHl A
s 7 sk A] s Aol

°

i

= 249 AMu]xs} HolE MHIAE AFstal om,
defo] glot, X A 93l gy e Wato
B 7}5 38t

A 39 WEA= ABC(Australian Broadcasting Corporation)}
SBS(Special Broadcasting Service)7} $1oH, 44 WEAFES CRA (Commercial
Radio Broadcasters Australia)E TAHCZ AFAE FAstx o yAE
g Z2ad AAS WEA ERE sta oy, HES srhite Fde
WS 2@l g AsAe]l =2 Holth v I™-e 559 DAB+ W

AEdES HoFo)

ﬁ TDAB

6 - 9al(l9b |9c 12

- — =

Digital TV BW : 6Mhz BW : 7Mhz

7Y 21 539 HAGe) 2 (DABY) FEE A
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s I-F Zo] 5= HAA A7 oF 60 %7t 5708 tHEAlC] AFstaL
RomH, ofdlgto|le, HE2E, WHE, HX, AEY F 57 tHEA|9l4 DAB
Block 9A, 9B, 9CE &3t HAEH L AHIAE AlFsta Aok HAE
gHe As FE52 7 UEAbEe] AAFLE A don, HEHEI X

A+ A1 BA(Broadcast Australia)®} TXA7} 5%

mlo'
ot
o
o
¥0, <
Loy

Elrist:-ane
Sydney

Melbaourne

P erth

Adelgide

a2y 22 359 gAded 5/ fEA W A

d=Al W3 Ao &FE DAB Block, $4IAMOE, $4158 5 89
FAAAE ohe e} 2ot
i 18 &5 DAB+9 F8 FAAY
H3E] Ao DAB Block AlolE = =9
shdl ol = 9B glﬁaAnl?EeIl{g/ 10 Site 115 Summit Road 50 kKW
(Adelaide) 9C SE?I?ISII{S?/ 10 Site 115 Summit Road 50 kKW
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9A Channel 10 Site MOUNT COOT-THA 50 kW
B~ ®
9B Channel 10 Site MOUNT COOT-THA 50 kW
(Brisbane)
9C Channel 10 Site MOUNT COOT-THA 50 kW
ATV-10 Tower Ornata Road MT
A DANDENONG 50 kW
A E ATV-10 Tower Ornata Road MT
(Melbourne ) 9B DANDENONG 50 kW
NTL (ABV-2) Tower Eyre Road MT
oc DANDENONG 50 kW
2N 9B NEW 10 Tower Welshpool Road CARMEL 50 kW
(Perth) 9C NEW 10 Tower Welshpool Road CARMEL | 50 kW
Ch7/10 Tower 192-196 Hampden Road
%A | ARTARMON 50 kW
Ch7/10 Tower 192-196 Hampden Road
oB ARTARMON 50 kW
Ch7/10 Tower 192-196 Hampden Road
A=Y oc ARTARMON 50 kw
Svd TCN 9 Television Tower Artarmon Road
(Sydney) 9A WILLOUGHBY 125 kW
TCN 9 Television Tower Artarmon Road
oB WILLOUGHBY 125 kW
TCN 9 Television Tower Artarmon Road
oc WILLOUGHBY 125 kW
WA We Aol M zhzte] WE|EeA(DAB Block) WA st
AFAA N A A 8T T8 o7 256 kbpsS 8l 64 kbps ~ 256 kbps©]
HE &2 Fste AusE AFea ok Telw AgRE 99 we
HE & WM Mul: e AraA 2 5 Ao

SFE A @8 Al st 20139 @ ohd=a TV W AE st
2u57) AAAE dAgae NHAE drea 2 Aot AW
wa A gel A fAEHHe 2Es HAEI = E—r«l g 1AL
DBCDE(Department of Broadband, Communications and the Digital
Economy) ©|™, DBCDE= 259 Aol #3het ALzt 7ol st
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Melbourne DAB+ In Car Reception
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Brisbane DAB+ In Car Reception
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IFo gAEEH L FAal7] A ujd FAFS Holu AE} 201248 19
712 AA ) FA71= < 800,000/ oW, o 7]dle xHE 52179

2l A FujE AFLS EFEA koh 2011d tiv] 2012 kﬂoﬂt— 71% ]
=2 A AZES Yo, 53] g zupx A]Eoly A 7|3tel] 7
=2 #Iv 715 YER AT

CUMULATIVE DAB+ DEVICE SALES

745,316 784,478

603,932
508,462
437,239
383,243
262,493
177,019
105,546 136'032
38,950
—

Q309 Q409 Q110 sz Q310 Q410 Q111 Q211 Q311 Q411 Jan12

6 & Graph
Sowrce: GIX Retail and Technology Australia, Portable Radios, DAB+ only, Relail Sales Average Price, Dec 2010 to Jan 2012 (excludes inteme! and online chonnels)
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7h Y Az 153
(1) 292 2359 9L 20,300Hz °olst= & A
2 £YL Aze] w23 Fyge A 48000022 & A
B) &L Az Y HE = HY 24 ol5d A
U Host 24 8 208 g s A
(1) 292 &5 H53 322 ISO/IEC 11172-3(MPEG-1 Audio Layer
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L Au2e HY HIEEL2 912kbpsE & A
2 H33V|ERYH 95 E 4159 HA HEELS 112kbpsE & A

3. HlolE
7} o




M2 EIXIESi]

A} A

F.

Information Channel)< ©]

ahtel

=
=

Rk

2 A2

NE, HelE AMRlE AS

Al

7F 2Y L AH|X

Je Agst HAg e

A
-

(6]

Y. s

oj

BAe A29Z A13 A7EE F&

ol
=

6. &7 A%

3
&l

FA135 0] wpE )

3

A31Z A1

@ A7 gAY wE g A




CIXE SSAME|A o|SEys] 2ot o+

DAB 7|& 7|3 %9Fe 90% AMulA Az 2 2 AAAT Q AL
X2 5

WA}O}I:}. DAB #2  ede ¢ HFost FHe ISO/IEC
11172-3(MPEG-1 Audio Layer II) X+ ISO/IEC 13818-3(MPEG-2 Audio
Layer )2 ARE-SITE th5-2 FAMM1E 7178 ZQtellA AF€E A5
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(B) 2HL A5 8T HE £ A 16 °|5td A
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AT (F) ol A A
o] 4 (dBc/ kikz)

10 Hz ~ 100 Hz

-2.78x10"'xF-39.2

se, dBc/Hz

I\

100 Hz ~ 1000 Hz

-1.11x10xF-65.9

S$SB Phase Noi

1 kiz ~ 10 kifz -1.11x10°xF-75.9
10 Klz ~ 100 kifz -2.22x10*xF-84.8
> 100 kilz -107.0

-100
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(71£%) HD-Radio= obg2241% 9} HAEA 59
ol 2 IFM RFAIE (WS Z 2006k) 2ol tAELEE F&3= W2
oJBE oldEIFM HT Y FIE thGFH400Mr)o] Fe sttt
HD-Radio 2} @9 THdFv= A olFZIFM A F4F3

=
4o FM F50 9% #9¢ =95tn, A9 FAFFE @9 of
J2IFM A9y FAFASE 2Qete o] BYE Ao PEHY
.

(ZAEA) NRSC 5C, P.33 / ETSI TR 103 216, P.37 / ECC report
141, P.16 / ITU-R Rec. BS.1114-7 System C, P.64

C1ER) "= e AR EE BF “NRSC 5C7 9 74 whehol
* Rec. BS. 1114-7 System Co|A %
Zolt sholnel= WAz Al OAY WA
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90
-100
650 600 550 500 450 400 350 300 250 200 150 100 50 0 50 100 150 200 250 300 350 400 450 500 S50 600 650
Frequency offset, KHz
== == == Hybrid or Extended Hybrid Noise and Emission Limits
Nominal Digital Carrier Power Spectral Density
— - — - -Nominal Analog Carrier Power Spectral Density
9 32 solug = tele) AR
% note : CIX|EA SO U2 HHEHozZ ALE 7S50 [0 10dB O[LHOA
51& 7tssith
3 24 stolHBIE W B WAYE
THAFIFAN L2 o ed, dBo/kh
100 - 200 kiz offset -30.0

200 - 207.5 Kz offset

[-30.0 - (|frequency in Kifz| - 200 kiz) x 4.187]

207.5 - 250 kiz offset

[-61.4 - (|frequency in kfz| - 207.5 ki) x 0.306]

250 - 540 Kz offset

-74.4

540 - 600 kHz offset

[-74.4 - (|frequency in Kifz| - 540 kiz) x 0.093]

> 600 kiiz offset

-80.0
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200 - 207.5 kiz offset

[-20 - (|frequency in kiz| - 200 klz) x 1.733]

2075 - 250 klz offset

[-33 - (|frequency in K| - 207.5 k) x 0.2118]

250 - 300 Kk offset

[-42 - (|frequency in kKiz| - 250 klfz) x 0.56]

300 - 600 kiz offset

-70
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- (A EA) NRSC 5C, P. 7-[6], p.4

- (V1FF) vE SHwE E%(NRSC 5C-[6])o1 4 OAFTI S V)%
B3t = iBiquity ARl 3EF(Doc. No. SY_SSS_1026s rev. F, HD

Radio FM Transmission System Specifications)= WEthal 7|5kl o
ool gkt 2
- 7 2 A} &3] 2r)dEs 9l Level 13 GPSE AM&-3}1A]

KAy
e
flo
Q
3

5713}t W49l Level 112 urTo1 sl 9o},

- Level II : £130Hz ©]u
C(@EAH) Fu5 Heny
[e)

= =
R [¢)
dAdete =98 4% ddFzney, ¢

o oFg=E 1 to]|HAE] A< (Analog Diversity Delay)

- (hg) ohERaE e HAEANSTE 593 HH=E AFsie By
T AlsAbelol (s 58 FAE Al ofdEIAT A LA AIRE
U AANNE F7RRIT S opdE T bolHAE XA FAl7]00AM
HAd AdzAgel s AE 1yste A0,

_ (@A EA) NRSC 5C, P. 7-[6], p4

- (1EF) "1 gy etd FF(NRSC 5C-[6])oA tALeHQ 7&S
Hf3kal = iBiquity AFe] 3EF(Doc. No. SY_SSS 1026s rev. F, HD

Radio FM Transmission System Specifications)< WEThal % 7|3kl AT

- o2 IaME e} YREANTE A AFSe AF yAELlse gk
olFZ 1415 9] R AAZFE 4.45sec + 68usec | o]ojof s}

- (AEZAHR) oldRaMsd YA-ANSE A FAY A FAV=
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ohdza 2zAe AtEn OA"g AsAe Aol F7b sa@r

Z FATA FAAY olGE /bR gE HHE 98] 417004
T ATz AAAS Fo] 4 =90 Bad Ao HEHUTH

o ¥’43= (Phase Noise)

Ad) dAGAEe) A PEEAS A 9 2AL B
p-14

(

(ZAEA) NRSC 5C, P. 7-[6],
(123 "= gByeds EF(NRSC 5C-[6])lA "AEH L 7&S
B48t3 9 iBiquity Al EF(Doc. No. SY_SSS_1026s rev. F, HD
Radio FM Transmission System Specifications)& WEthal H7]skal 3lom

F35 HeHE NFRS T} Aok

- 7SR U /383 o] RS o2 #FASI Sl
® 26 94FS vi=3 7E
FTAFHFEANAN 2= A ul#Ed, dBe/kiz

10 Hz - 100 Hz 2.78x10" x F - 392

100 Hz - 1000 Hz 1.11x10% x F - 65.9

1Kz - 10 kiz 1.11x10° x F - 75.9

10 kK2 - 100 Kk 222x10* x F - 84.8

> 100 kiz -107.0
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- (REZAF) A7) Z3E= HD Radio 54 83 =
= =

o

- (hg) MzE gAgede A5 FAYE BEsE A0 $A4%
A

Radio A|2=dlo] S0shA =& rFsaict. ojehA
Aoz AEHAG.

MER (Modulation Error Ratio) ®=+= EVM (Error Vector Magnitude)

FAEE=E Yehdo. o kgl Fal
Az FA 3 7eHdz2ds T

- (AEA) NRSC 5C, P. 7-[6], p.16
- (712 %) v= g ots EF(NRSC 5C-[6])91A "AEHH L 7&S

104

HF3tal = iBiquity A9 E<F(Doc. No. SY_SSS_1026s rev. F, HD
Radio FM Transmission System Specifications)= WETHil ¥ 7|3}l

om theel gt 2.

Ht%3} (Reference Subcarriers)

N
AN
g
—_
.
N
e

RF $AGel A z}zte] 7|5 Fakgul BPSKS] MERS 5788k 11 dB o)
RF ST A LS5 aie] B 7|F F8k$9 BPSKS] W MERS
7438t 14 dB o)

RF &2 A stjSattfe] wE 7]F §Fuk$3 BPSKS i MERS
Z7gste] 14 dB o)

71E%k 2 "lo]H BHkE9 (Data Subcarriers)

* RF &2lekoll A Zkzke] djoje] Fulbsa} QPSKS] MERS: 5743t 11 dB o)
*RF &2 A F9Sadle] BE 7)E Fak4y QPSKe] ¥+ MERS
Z7g3ste] 14 dB o)

- RE £ 3t¢=aje] =g 75 Bursyl QPSKY #Hid MERS
=7gste] 14 dB o)

(FEZ ) HD Radio $41719] §4& 1183 292 HD Radio Al2=¥1=}
YA AE hssith Y] dEL WxEA T RFEAS s
TAGEH, $217] 45 2 FAFE FAE S8 & #8884 =l

2e3 Aoy AEHUG.
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- (NEF) VT FH2E EF(NRSC 5C-[6])olA dALHH L &S
1 A= iBiquity AFe] EF(Doc. No. SY_SSS 1026s rev. F, HD
Radio FM Transmission System Specifications)E WEttal ¥ 7]stal 1o
oo @3 2ok
- 71E%S (Fc - 200 k) oA (Fc + 200 kiz)oll the Fap<=o) <ol A
£05 dB o]ujelofo} g,
- (AREZR) A7) 52 M5 e RFEAS sk ddEelH,
= 7

547 A% B SUFA HAE 99

%
Ho
QL
<
o

HEE A

o IFAAEA (group delay flatness)

- (hd) 2EAQEAL RS T 947 Ws JEE sl
ato] QPEARl FAlS Ha agEe HE Aol gt redxds

- (2AEA) NRSC 5C, P. 7-[6], p.18

- (1) YT FHWE EF(NRSC 5C-[6])lA dAEHTL 7&s
Hf3lal = iBiquity AFS] 3EF(Doc. No. SY_SSS 1026s rev. F, HD
Radio FM Transmission System Specifications)S wWEThil ® 7|35kl
Jom v Fy 2k

- 71232 (Fc - 200 ki) oA (Fc + 200 ki)7hA] =3kt HollA £600 nsec
ol olojol gk

- (AEAH) ) BBe WxS4 EE RFEAS BRI #EEE0,
FU7) 4% R SUBL FAE A 5 T =90 Bag Ao
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FCC7} g9 UAgee =99 494 2xE e 2o

A, evle EAL AMeT, B4, £ Je A% pael Behn,
AR, 7)E opdr Aulzg} F8to] AHsa, A,
A, AHl2el 7% $ARE ATEE, G, B

5 ©
duAl Aol won, AHA, 7SS BFE 78 F jden,
obFAl, WEAdo] 4 OUﬂ, 2oz A5 AnrtAd Aguge B Tl
Atk 28a o x}“ctﬂ AES Ay, ‘02 IBOC(In Band On-Channel, t <)

‘02'd FCC(First Report and Order, FCC 02-286)= &< W22 AM,
FM E5 7]& obd 2 WEH A F=H= oy RE

FE7h glen, 3 FMe] 3¢ CDFEl HaEvhs £429 730] 7hesty,
AMO EE T3 whgt F4d FFS HQl FeE Hrpwu gt FCCe=
gAdagiyg e wE g 7 712A ArATs B7Ista lom Hu
TFAAQ 7eiTe FHL A2H9 A3 (NRSC, National Radio System
Committee)®] 7]&ES M2 AR Wrlsial 9lew o]d we} NRSColA=

=
HD Radio 7|&X%+S A3 At

l

a8y 1579 AR HD Radio E5716S B3kl Sl iBiquity ARollA
TFASES Br1sta oo Azl d AR 2 Fo FAFEFIS
SHEA, tde] MR, old2 tolHAE XA F)e AAFHo=m
iBiquity AL€] %24:2_— w23 gl iBiquity AFE PlE Ul BFERT olye}
=7 FE3t = EEstA FEstal 9aL, v=e ®FS ITUR, ETSI &
TARFOE A ‘8} Att.
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=
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T

® WETAALI LA A2013-xxE
A, ARB7E(EEETE), ABE(7E71F), Ad7(QEAA e
AA)), ASBE(Y - #et - 58 H&&AR F)ol wet FA4du
(F5EA9 QD3 1A A2012-12F, 2012. 3. 13) YHEZ 23 o] /A
st A Y.
201349 xx¥ xx¥
WS A9

FAAu 3] dRAA ()
TN dRE vhs 3 o] A S
A2z A1 A124F A A1268 5 tho3 o] A3}
A2z(Fe]) O o] AAAA ALGetE &9 52 v ZTh
124. “A38 gAegteEold FFo] A 7 £ U=EE &

EX—]OE I;]X]E-l 01;]0 1:!1 Eﬂ *I 1_% X]
2wt ool d BESE A2 B

125. “A3 ALY LS QY AR A4dd gAday e
W&o LULE AFste ABIEE Wolr, 2L A5 99
HZE AA G4 AE, BE HolE A& T o5 XFoE A
& A

126. “A9 gxdgt) e Holg Aulx’ar Ag tR gy e
WE e AMujiote SHAR] ARE FAHE EE AHlE
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A9z 2(A I gAY e Eg FAME)) O A4y gAdey e
WEE TN VEVEe e 7 59 2o
1. EAsE 90U Mulxa A% 2 dolE Mulx AEzz FAE A
2. 22 AHIZ A5 o 34
7l YL 4lso R5s)
(1) 9L 42z o 20,300Hz ©|3l= & A
(2) =4 i3

48,0002 & A

o 2 A

2] 0] ISO/IEC 14496-3(MPEG-4) High-

dvanced Audio Coding (HE-AAC)S W& A

2) 2HQ AMul2 AW HESLS 186kbpsE & A

B) LHe R332 HEH ZFYEe A5 HA HESLS 37kbpsE
g A

@ Rz dolE AsE AYS OAYGHeRE $54 I
)

) oJ o
S -
Q. ANz REZ FyeE 240008 F A thuk SBRo| A&
2 = 48,0
Zal

7h ElolE] Auls AaE “A4ds o
B2y A A% 242 4E A
U A g o AdAR A o]
W AGARAN S REEH) A FASE B4 nE R
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5. A4
oz g R AREA AEe BAE F AL R
6. 9F 99 B B

lo
utl
)
o
i)
e

7F 5 B4 e 48HE 5 (Convolutional Code)E 71HE

-5 (Multilevel Code)E &8 Z. tiuth, Hlo|y AH|=Q] A 2=
£2 2 F 3 (Reed Solomon Code)E F7F A& 4 A& A
U 2F B e A 2 34 E 2] W (Interleaving) < X888 A
7.0 B FARALE e 5T A
7h Wiz A5 e Fubg g9 Ee 1002 & A
. EARA Y] gl GTWE A
o F AMuls Ade) WEs QPSK Ex= 16QAM '4jolal, Ao A d 9
HMZ = QPSK W4olH, 452 OFDM Walo=z & A
g & dE S5 37kbps ©]%F 186kbps ©|stZ & A
ok AE ZEde] 42 A gAESH NS 54U A RE
(HE) elAM T8 ske e e A
Hh SAFA 9 Tled =24
1) e I EE v 205 95T A
(7h Wde A EE EiE 1917 2] 1k Eaiu 9 FRBW) 2=
SAT Aol SAFHFEZHE 506zl -20dB olsfela, F4
FHFEZEE 260Kzl X -20dB  olstolal, FTAFIFEFH
+181.25K10 A -65dB ©]s}elal, FAFI4=2 5 E £200kko A -80dB
olstolal, FTAFIFEZIE £300kzo A -85dB olstoli, FA
Fa 2 HE £5006z1 4 -90dB ol st A
(2) A7 e Fdy e 12dB oS =93HA e A
(3) Wzo]#Hl &2 30dB o4 Y A
8. (HH) FATTAHL I EAH I JLl‘r”q o] ¥ A. uuh HF
AL Basitta A s = Frol= 2B sA oyt
9. A EAAY = AAZEE 1]311z1]16¥xi113§0ﬂ 2t}
10. 3549 AFEALL ANEATGA14Z A HET
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M2 CIXEEiC|2 HEERS 28t 7IE7|E M3l o7
B3 19-1004 H3E 1928 o3 o] Al gt
[E3E 19-1]
o A = o] 518 9
[E3E 19-2]
A9 gAdey wE8 Al
A [FRFOE] A [FEFAF] AL [T AT AW [FFFAF
HE (MHz) Ho (MHz) HS (MHz) < (MHz)
1 88.1 51 93.1 101 98.1 151 103.1
2 88.2 52 93.2 102 98.2 152 103.2
3 88.3 53 93.3 103 98.3 153 103.3
4 88.4 54 93.4 104 98.4 154 103.4
5 88.5 55 93.5 105 98.5 155 103.5
6 88.6 56 93.6 106 98.6 156 103.6
7 88.7 57 93.7 107 98.7 157 103.7
8 88.8 58 93.8 108 98.8 158 103.8
9 88.9 59 93.9 109 98.9 159 103.9
10 89.0 60 94.0 110 99.0 160 104.0
11 89.1 61 94.1 111 99.1 161 104.1
12 89.2 62 94.2 112 99.2 162 104.2
13 89.3 63 94.3 113 99.3 163 104.3
14 89.4 64 94.4 114 99.4 164 104.4
15 89.5 65 94.5 115 99.5 165 104.5
16 89.6 66 94.6 116 99.6 166 104.6
17 89.7 67 94.7 117 99.7 167 104.7
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CIXE ASAMH|A o|SEYs] got o

18 89.8 68 94.8 118 99.8 168 104.8
19 89.9 69 94.9 119 99.9 169 104.9
20 90.0 70 95.0 120 100.0 170 105.0
21 90.1 71 95.1 121 100.1 171 105.1
22 90.2 72 95.2 122 100.2 172 105.2
23 90.3 73 95.3 123 100.3 173 105.3
24 90.4 74 95.4 124 100.4 174 105.4
25 90.5 75 95.5 125 100.5 175 105.5
26 90.6 76 95.6 126 100.6 176 105.6
27 90.7 77 95.7 127 100.7 177 105.7
28 90.8 78 95.8 128 100.8 178 105.8
29 90.9 79 95.9 129 100.9 179 105.9
30 91.0 80 96.0 130 101.0 180 106.0
31 91.1 81 96.1 131 101.1 181 106.1
32 91.2 82 96.2 132 101.2 182 106.2
33 91.3 83 96.3 133 101.3 183 106.3
34 914 84 96.4 134 1014 184 106.4
35 91.5 85 96.5 135 101.5 185 106.5
36 91.6 86 96.6 136 101.6 186 106.6
37 91.7 87 96.7 137 101.7 187 106.7
38 91.8 88 96.8 138 101.8 188 106.8
39 91.9 89 96.9 139 101.9 189 106.9
40 92.0 90 97.0 140 102.0 190 107.0
41 92.1 91 97.1 141 102.1 191 1071
42 92.2 92 97.2 142 102.2 192 107.2
43 92.3 93 97.3 143 102.3 193 107.3
44 92.4 94 97.4 144 1024 194 1074
45 92.5 95 97.5 145 102.5 195 107.5
46 92.6 96 97.6 146 102.6 196 107.6
47 92.7 97 97.7 147 102.7 197 107.7
48 92.8 98 97.8 148 102.8 198 107.8
49 92.9 99 97.9 149 102.9 199 107.9
50 93.0 100 98.0 150 103.0
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DRM+ W42 Agl %717} §lo] ITU, ETSI 5 FAEFS z
Eoh= vhEsky. DRM+ 349 ete o= Fost J4e FAET
ISO/IEC 14496-3(MPEG-4) High-Efficiency Advanced Audio Coding
(HE-AAQ)S 21 ok Bee BA4uFE A4 2t AFd 74
FEell gk Al AR ARl

- (71 %) DRM+ "] 1SO/IEC 14496-3(MPEGH4) High-Efficiency Advanced
Audio Coding (HE-AAC) %338 ¥24& up&th

- (AEZ) DRM+ Wald] tidt 209 Mulx 259 dale [TU, ETSI
TAZES BHEE AR B AUE =Yc] B8% AR HEHUT

o Hlo|E ABuA A5 A

- (hd) Holg Mulad 2ve
BEE AulaE TEth

2

sl mgAe gue pAEE
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24 med.
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CIXE SSAME|A o|SEys] 2ot o+

- (REZF) gokst Ropn A Ay 2 RS AR FHARE S 95
dolEHAH| 2, AGARAMH A F BI7EMH] A Ve EL oA A
SI=E Sl WEoE HEHAT

o =3 x4

- (E) =3l HEA5Y A 249 2029, HolEH AMHlA AE
D Al2E HRE )Y FEAEYORE FASE AL @It

- (712 8k) DRV 8ol Xt 47)9] Mul 27} gasts o] AF 7hesitt

- (AEZAR) DRV+ B9 thashe I A ZF(ETSI ES 201 980)0l wheh
HAdl 4789 2He B doly Aulis A5 tedeie o2 HE
= A

- (1ER) AMI2 AEIE B9R ARFA 75S 2A4G 5 glojek itk
- s AXUED Aulze] FABZA 249 uE e TR

=0 “Lfﬂ‘:} .L*"’Sé% G (FAC, Fast Access

- (HEZA}) DRM+ 049 Ageale A IARZF(ETSI ES 201
980)S AbgafoFstRE AgtFAlS 93 5 78 Yol TS o=

HEF AT

- (P12%) 71 /7 LALS AE- S (Convolutional Code)E 7]REO.Z
_]

gatelobatul, wjolE] Aulzel 74,
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CIX|E SHSAMHIA O|2EAS} ot 017

o Y] A AT 5 B}

- 1) BEadales dF A vRE M 9 HAaskshr] Y8 %
N5 Asta BEHA3 M5 E A3 Adste AL Tt AQd
HIZ 250% ool e ATE A|gele g AT Y]
LS A 93 A5 5 Adtele 2fFEoag2 FREEY

- (715 %) DRM+ ¥W]e] o] vl == B o] Mg =it glof
71E71ES glal TAEFA RF vl2=3 2 FA33 doh
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BS.1660-11

a9 35 DRM+9] 8] drg =

¥ 27 DRM+9] <oA=

2HEY vlAa3 / FM A 2HEY nA3 / DRM AoidE
o - o - -

Fug Q=Z A ( dBrC; /Elmz) Ty QA | M (dBre)/ (ki)
0 0 0 —20
+50 0 +50 —20
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Ao CIRIZEIC)e Ba=eie 2lst TIS7IE MY oi7

o AMEx

hE) Adit= d=9 Forg ol we A7 st dom ARgAt
He] B &7 EFarw X 55 8] A

(71&3) DRM+ 2] #d, ITU-R 2 ETSIONA AEEES Sosia
o, ol Eeof o] A ofFEIFM thuoll A 100Kz 3t
ANIREE AATH. TA WEY] A olgE1 EMTATISFE
olAAg ol 50k wiFwih MEE S Ql3, HA 1506z ©]/Fo] ook
3 HAiolZd Fu<9 Af= 1506z 91 S, AP(EAEFH)E 20 dB
o] Folojof gttt

4 A
[aa)]
= A
A <1
A4
+
= =
]
7 (kHz)
— T — 1 — —t o
-

B5.1114-43
2% 36 DRM+ AYTFA A1 (BM Ade) A

P (dB)
AP

<

Program 1
Program 2
FM 2

f (kHz)
>

BS.1114.44
19 37 DRM+ AHEFA A2 (FM 2:1E%) 73-)
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CIXIE SaAH|A 0| 2843} ot o7
3 28 DRM+ 4o A
A |[gFFaa Ad |FIFua| AE | GIFas| AW | EFaa
HS (Vi) HS (M) HE (Vi) z (M)
1 88.1 51 93.1 101 98.1 151 103.1
2 88.2 52 93.2 102 98.2 152 103.2
3 88.3 53 93.3 103 98.3 153 103.3
4 88.4 54 93.4 104 98.4 154 103.4
5 88.5 55 93.5 105 98.5 155 103.5
6 88.6 56 93.6 106 98.6 156 103.6
7 88.7 57 93.7 107 98.7 157 103.7
8 88.8 58 93.8 108 98.8 158 103.8
9 88.9 59 93.9 109 98.9 159 103.9
10 89.0 60 94.0 110 99.0 160 104.0
11 89.1 61 94.1 111 99.1 161 104.1
12 89.2 62 94.2 112 99.2 162 104.2
13 89.3 63 94.3 113 99.3 163 104.3
14 89.4 64 94.4 114 99.4 164 104.4
15 89.5 65 94.5 115 99.5 165 104.5
16 89.6 66 94.6 116 99.6 166 104.6
17 89.7 67 94.7 117 99.7 167 104.7
18 89.8 68 94.8 118 99.8 168 104.8
19 89.9 69 94.9 119 99.9 169 104.9
20 90.0 70 95.0 120 100.0 170 105.0
21 90.1 71 95.1 121 100.1 171 105.1
22 90.2 72 95.2 122 100.2 172 105.2
23 90.3 73 95.3 123 100.3 173 105.3
24 90.4 74 95.4 124 100.4 174 105.4
25 90.5 75 95.5 125 100.5 175 105.5
26 90.6 76 95.6 126 100.6 176 105.6
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M2 CIXEHEID|2 HESEAS st 7I=7|&E M3 o7
A (FIFaa Ad ([@Fda A |FEFus| AW | ST
We | ) | WE | ) | HE | (m s (M)
27 90.7 77 95.7 127 100.7 177 105.7
28 90.8 78 95.8 128 100.8 178 105.8
29 90.9 79 95.9 129 100.9 179 105.9
30 91.0 80 96.0 130 101.0 180 106.0
31 91.1 81 96.1 131 101.1 181 106.1
32 91.2 82 96.2 132 101.2 182 106.2
33 91.3 83 96.3 133 101.3 183 106.3
34 91.4 84 96.4 134 101.4 184 106.4
35 91.5 85 96.5 135 101.5 185 106.5
36 91.6 86 96.6 136 101.6 186 106.6
37 91.7 87 96.7 137 101.7 187 106.7
38 91.8 88 96.8 138 101.8 188 106.8
39 91.9 89 96.9 139 101.9 189 106.9
40 92.0 90 97.0 140 102.0 190 107.0
41 92.1 91 97.1 141 102.1 191 107.1
42 92.2 92 97.2 142 102.2 192 107.2
43 92.3 93 97.3 143 102.3 193 107.3
44 924 94 974 144 102.4 194 107 .4
45 92.5 95 97.5 145 102.5 195 107.5
46 92.6 96 97.6 146 102.6 196 107.6
47 92.7 97 97.7 147 102.7 197 107.7
48 92.8 98 97.8 148 102.8 198 107.8
49 92.9 99 97.9 149 102.9 199 107.9
50 93.0 100 98.0 150 103.0
(FEZ) ¥3 olI=IFM WY DRM+ AEHEE DRM AAA G
W4 7}o] =(DRM  Broadcasters User Gulde)% sl -yt
A3 DRM+ AE(A@e] AT 5) AAo] o3k Aoz HAEFL
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(ITU-R BS.1114-7)0. 2 ®HI9 &
NgE ZezE ARHA= A

W4F Y A
glol 4gPEw olFqAm 9

T8 FAIFELS DRM AXLAY FE22 F4o] THEo] X3 o).

DRM+ W3] A FFES o3 2o,

ITU-R Rec. BS.1660-5, ITU-R Rec. BS.1114-7
ETSI ES 201980 : DRM System Specification
ETSI TS 101968 : DRM Data applications directory

ETSI TS 102668 : DRM-Traffic Message Channel(TMC)

ETSI TS 102979 : DAB/DRM ]Journaline

ETSI TS 102349 : DRM RSCI

ETSI TS 102371 : DAB/DRM EPG Encoding
ETSI TS 102818 : DAB/DRM EPG XML spec.

DRM+ W2le] 22A6lA A4 F2 7&FAe ged 2

DRM+
3=

DRM Broadcasters User Guide
Planning Parameters for DRM Mode E (‘DRM+’)

ok
d

e AYE G glol BEANAE A
5 te 27hA AR A4S
(Edinburgh, 2011, band II)

(Kaiserslautern, 2008-2010, band II, III)
(Hannover, 2008-2011, band II, III)

(Paris, 2009, band I)

(Sao Paulo, 2010, band II)

7} Colombo, 2010, band II

2] (Turin, 2011, bands I, II)

(New Delhi, band II)

= (2 4F, 2010, band 1I)

(1A

BT VA b R 1< Oy B Rt
of Y |»

mgﬁjﬁoﬁirﬁrﬁ_ﬂiim

o

—_

o

Band 1(47~68Wz) : Low VHF TV Ciei, Band 11(87.5~108MHHz) :

I11(174~230Mtz) : DMBLH 2

FMCH<d, Band
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