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Abstract

In this paper, the technology verification of next generation broadcasting technology and service suitable for domestic
broadcasting environment was carried out to build and activate domestic terrestrial UHD broadcasting. ATSC 3.0-based mobile HD
broadcasting is currently conducting experiments with various parameters from broadcasting companies, research institutes and
others. However, experiments on integrated transmissions, including audio services, have not been carried out. Through this
experiment, we first performed the theory and experiment on the maximum number of ATSC 3.0 based UHD broadcasting service,
maximum service number of HD broadcasting considering mobility, and maximum service number of audio broadcasting within
one channel (6MHz). Second, parameters for integrated transmission of each service (UHD broadcasting, mobile HD and audio
broadcasting) in one channel were derived. Finally, we studied technical possibilities through field tests that we receive while
moving directly in the field.
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Table 1. Transmitting station specification

transmitting transmitting
. . . . antenna
station longitude latitude station .
. height
name altitude

Jeju techno

126°34 " 18.96 " (E)| 33°27 "3.37 "(N) 357M 21M
park
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Division UHD DTV
Resolution 3840x2160 1920x1080

Frame rate 60 Hz 30 Hz
Video compression HEVC MPEG-2

Audio compression MPEG-H AC-3
Transmission rate 11.5 Mbps 17.4 Mbps

¥ 2. ZCHAE =20
Table 2. Field test profile

Receive service channel

Audio Broadcasting 3 channel

Mobile HD 1 channel

Fixed UHD 1 channel

Test frequency

Subframe #0

Subframe #1

Subframe #2

UHF CH30 transmission parameter ST ST S
Preamble FFT Size 8K
Control Signal Preamble Pilot Dx 4
L1-Detail FEC Type Mode 1
FFT Size 8K 8K 32K
Guard Interval 6_1536 6_1536 6_1536
Scattered Pilot Pattern 4 2 4 2 16_2
) Modulation QPSK 16QAM 256QAM
PLP Signal
Code rate 8/15 8/15 7/15
FEC Type BCH + 16k LDPC BCH + 16k LDPC BCH + 64k LDPC
Tl Mode CTI CTI CTI
CTI Depth 1024 512 512
Transmission capacity 645 kbps 2.07 Mbps 11.8 Mbps
1) CNR(Carrier To Noise Ratio, ¥Hs3} tf #2H]) : AdolA wkdniel #e9 715 HEE Uehd 2. dubg oz gA(dB)Z vedith

2) MER (Modulation Error Ratio, HZ 2 F&) :

Zﬂ 71-
3) FEC(Forward Error Correctlo T O
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E 4. OJZHDS} HD-DMB AH|A Afek H|m °] CNR(dB) 71& 74l 453 A AHIAHY e HE
Tabl.e 4. Comparison between Mobile HD and HD-DMB service speci- %(kbps) s B SR =N
fication
Divisio.n Mobile HD HD-DMB E 6. FMI} DVMBY| Al =1} M4E
Resolution 1920x1080 1280x720 Table 6. Reception performance and transmission rate of FM and
Frame rate 60 Hz 30 Hz DMB
Video compression HEVC HEVC
Audi - MPEG-H BSAC Service Reception | transmission Note
udio compression - performance rate
Transmission rate 2 Mbps 0.5 Mbps FM radio 0dB 96kbps converting into digital
Low quality EEP 3-A 1/2 standard,
DMB 6.408 1.2Mbps radio installation rule
I 5. 2|28 T-DMB 2C|2 MH|A ARRF H|1D High quality
Table 5. Comparison between radio and T-DMB audio service specifi- DMB 8.0d8 2Mbps EEP 3-B 2/3 standard
cation
Division Radio T-DMB Audio 12074 MODCODY %3 Ztzbe) tisl 713 A5e %
Audio compression MPEG-H BSAC FEM AR5 FZE T, T ALES /R = A
Transmission rate 128xkl;pi(6;l)<bps 64 )I:bg SIESZRk)b ps £ 23S AT 83 BEFEAE 7|HEC 2 FM,
3}

)

ZADMB, 234DMB 7+ AjH] 2¢] tj g MODCODE
&3tk T&F A8]22E MODCOD 9|4 AH]2~ ot
% 3SH(Multiplexing) 74< J2laiA AEE(kbps)S A&

. SEMHA A2 i
SSAHIS Al s, AAle] A48T F5 EE 1 o4 5 MODCOD

>
ook
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4) MODCOD : MOD(Modulation, ¥ z%]), COD(Code Rate, A'dF35& ofol)o] £
5) A/327:2018, “GUIDELINES FOR THE PHYSICAL LAYER PROTOCOL”
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E 7. XA UHD M&mziole =g
Table 7. Terrestrial UHD transmission parameter combination

Frame Length around 250ms (Including Bootstrap)
Bandwidth 6 MHz
FFT Size choice among 8K, 16K and 32K
Guard Interval GI5_1024, Gl6_1536, GI7_2048
Preamble Pilot Pattern decision automatically depending on FFT size and Guard Interval
Parameters Signaling Protection L1-Basic / Detail Mode 1
# of Preamble Symbols calculate automatically by precede parameters
Reduced Carriers 0
2. CEEMH|A A0 M2 M& miefole 8A 232DMBMe] MODCOD %8S 7|42 ATSC 3.0 7]
uke] UHD, ©|'$HD,2H 2 ¥ TEAH| A A4S 9l A

A BEEA B 52 8 =EE M, A3HEDMB, ZalnlE o} 7} MuAE & Ao A Edete] ALl
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Fig. 1. System block diagram for aggregated transmission experiment based on ATSC 3.0

X 8. 0|2 EME %o metnleE 712 JHE
Table 8. Basic assumption of each parameter for theory analysis

Division Basic assumption of each parameter

FFT Size » Mobile reception : 8K, indoor reception : 16K, fixed reception : 32K

» It is preferable to use GI6_1536 (222us, 66.6km) when constructing single frequency network (SFN) for
each broadcasting area (city / province area) considering the maximum transmitter spacing in Korea

#* (Note) As of November 2018, all three terrestrial broadcasters in the Seoul metropolitan area used
GI6_1536. In case of T-DMB, 246us (maximum transmitter spacing of 73.7km) is being used

Guard Interval

LDPC Size » 16200 Blocks for main servicg of mobile reception
» 64800 Blocks for fixed reception
Outer Code » For robust reception, consider the BCH code as the basis
— the BCH+LDPC configuration is basic.
Preamble mode » For L1-Basic / L1-Detail Signaling, Mode 1 is considered as the basis for receiving robust control information

Maximum physical layer

channel number in a channel | physical layer multiplexing is possible the maximum 64 as per A/322 standard

» It is possible to set up to 5 seconds. However, when it is desirable to operate at 200 ms level considering

Frame Length the switching time between channels, the frame length mode uses symbol-aligned (L1B_frame_length_mode = 1)
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g T AsetrEed gk A+E APk o714 + Bt FAle] 7]Ee]7] wFe] 16200LDPCE AHe-s}
SEAM B 2E 3 AE(6MHz) Sl 5UE Au| 25 S8 A3, ATSC 3.0 EFA A|A1E ToV CNRO) 41 450l
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e E e & 8% 22 72/ st s
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Table 9. Condition for transmission parameter organization of ATSC

2.1 ATSC 3.0 2C|2 AH|A 3.0 audio single service

ATSC 3.0 QTR AM|2E FM 2ol 94w 220 $88
FARA T-DMB 2E2AM 28] 4 AL AFMS of
92T 0N BT 34T S §E Va3

A L olgel AeE 2 AIZE - MODCOD 2 | T I | mere TOME auco

e T8 Ao AHE JiEE E=EST QAN A service

Division Main facts
Minimum service quality | » more 192kbps @ MPEG-H
» ToV CNR (good watching minimum

=

E 10. ToV CNR(dB)
Table 10. ToV CNR(dB)

. Code Rate (16200 LDPC, AWGN)
Modulation
2/15 3/15 4/15 5/15 6/15 7/15 8/15 9/15 10/15 | 11/15 | 12/15 | 13/15
QPSK -5.55 -3.73 -2.32 -1.30 -0.33 0.56 1.38 2.20 2.94 3.82 4.70 5.76
16QAM -2.15 0.35 1.99 3.16 445 5.51 65t 758 8:59 974 | 1081 | 12069
64QAM 0.35 2.85 4.65 6.30 793 929 | 1056 | 1183 | 1313 | 1452 | 1586 | 1733
256QAM 2.27 4,78 719 893 | 1094 | 1257 | 4425 | 1580 | 1745 | 1908 | 2078 | 2255

% (EX) 327 EX0IA HMAIE 16200 LDPCE A2 A2 AWGN A Ms

E 11. 6MHz HH| MEE(Mbps)
Table 11. Total transmission rate in 6MHz

. Code Rate (16200 LDPC, AWGN)
Modulation
2/15 3/15 4/15 5/15 6/15 7/15 8/15 9/15 10/15 | 11/15 | 12/15 | 13/15
QPSK 1.02 1.58 213 2.69 3.25 3.80 4.36 4.91 5.47 6.03 6.58 7.14
16QAM 2.05 3.16 427 5.38 6.50 7.61 872 983 1695 | 1266 | 4347 | 1428
64QAM 3.07 4.74 6.41 8.08 975 1142 | 1368 | 1475 | 1642 | 1809 | 1976 | 2143
256QAM 4.10 6.32 855 41077 | 4360 | 1522 | 4745 | 1967 | 2190 | 2412 | 2635 | 2854

# FFT Size : 8K / GI6_1536 / SP4_2

E 12. FO§ MH|A~ i
Table 12. Maximum number of service

. Code Rate (16200 LDPC, AWGN)
Modulation
2/15 3/15 4/15 5/15 6/15 7/15 8/15 9/15 10/15 | 11/15 | 12/15 | 13/15
QPSK 5.3 8.2 11.1 14.0 16.9 19.7 227 25.6 28.5 314 34.3 37.2
16QAM 10.7 16.5 222 28.0 33.9 39.6 454 | 512~ | 576- | 628 | 686 | 4
64QAM 16.0 24.7 33.4 421 568- | 595 | 684+ | 768 | 855 | 942 | 1029 | tt+6-
256QAM 214 329 445 | 561 | 6747 | 73| 909 | 1024 | 41| 1256 | 1372 | 1486

# A J XZIolM B2

6) ToV CNR : 9A1A 2 213 o 3aH)
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2.2 ATSC 3.0 O|SHD MH|A z%
ATSC 3.0 ©]§HD AMH|2~% 7] HD-DMBE] 4 AH] 203
2 F2434 7 e WSS AE|AE 913 MODCOD .

E 13. ATSC 3.0 O|SHD EFEAMH|A MEmEHH THS fI8 =A
Table 13. Condition for transmission parameter organization of ATSC 3.0 mobile HD single service

Division Main facts

Minimum service quality » more 2Mbps @ MPEG-H, 1080p60Hz

» ToV CNR good watching minimum S/N ratio) below 8.0dB

Broadcasting service area ¥ equal to or more HD-DMB high quality service

E 14. ToV CNR(dB)
Table 14. ToV CNR(dB)

Code Rate (16200 LDPC, AWGN)

Modulation
2/15 3/15 4/15 5/15 6/15 7/15 8/15 9/15 10/15 | 11/15 | 12/15 | 13/15
QPSK -5.55 -3.73 -2.32 -1.30 -0.33 0.56 1.38 2.20 2.94 3.82 4.70 5.76
16QAM -2.15 0.35 1.99 3.16 4.45 5.51 6.51 7.58 8:59 974 | 1081 | 1209

64QAM 0.35 2.85 4.65 6.30 7.93 929 | 1656 | 183 | 1313 | #4452 | 1586 | 1733
256QAM 2.27 4.78 7.19 893 | 1091 | 1257 | 1425 | 1580 | 1745 | 1968 | 2678 | 2255

# (BXN) A327 EF0|IM HMA|E 16200 LDPCE ARZst ZR2| AWGN A M=

E 15. 6MHz HH| MEE(Mbps)
Table 15. Total transmission rate in 6MHz

. Code Rate (16200 LDPC, AWGN)
Modulation

2115 3/15 4/15 5/15 6/15 7115 8/15 9/15 10115 | 1115 | 12/15 | 13/15
QPSK 1.02 1.58 213 2.69 3.25 3.80 4.36 4.91 5.47 6.03 6.58 7.14
16QAM 2.05 3.16 4.27 5.38 6.50 7.61 8.72 9.83 10:95 | 14266 | 1347 | 1428
64QAM 3.07 4.74 6.41 8.08 975 | HH42 | 1308 | H7F5 | 1642 | 1869 | 1976 | 2443
256QAM 4.10 6.32 855 | 1077 | 4360 | 1522 | 4745 | 1967 | 2496 | 2412 | 2635 | 2854
# FFT Size : 8K / GI6_1536 / SP4_2

 16. Zf MH|A JHS
Table 16. Maximum number of service

Code Rate (16200 LDPC, AWGN)
Modulation
2/15 3/15 4/15 5/15 6/15 7/15 8/15 9/15 10/15 | 11/15 | 12/15 | 13/15
QPSK 0.5 0.8 1.1 1.3 1.6 1.9 2.2 25 2.7 3.0 3.3 3.6
16QAM 1.0 1.6 2.1 2.7 3.3 3.8 4.4 49 55 6:0 66 74+
64QAM 1.5 24 3.2 4.0 49 57 65 4 82 9.0 99 467
256QAM 2.1 3.2 4.3 54 65 76 87 98 110 124+ 132 143

woa% AW KoM B2l [ ] &4 MH|A EES 0iEsiR] 25H= MODCOD X8t ||
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2.3 ATSC 3.0 ZTHUHD MH|A

= T
A P71 wet Ha A FA7|ES EESAL Mulz g EEsiTh

T 17. ATSC 3.0 THUHD THEAH|A M2melle TAS o8t =7

— o

Table 17. Condition for transmission parameter organization of ATSC 3.0 fixed UHD single service

Division Main facts
Minimum service quality » more 11.5Mbps @ MPEG-H, 2160p60Hz
Broadcasting service area » ToV CNR (good watching minimum S/N ratio) below 14.9 dB
9 * equal to or more ATSC 1.0 HDTV

E 18. ToV CNR(dB)
Table 18. ToV CNR(dB)

Modulation Code Rate (64800 LDPC, AWGN)
2/15 3/15 4/15 5/15 6/15 7115 8/15 9/15 10/15 | 11/15 | 12/15 | 13/15
QPSK -6.23 -4.32 -2.89 -1.70 -0.54 0.30 1.16 1.97 2.77 3.60 4.49 5.53
16QAM -2.73 | -0.25 1.46 2.82 4.21 5.21 6.30 7.32 8.36 9.50 10.57 | 11.83
64QAM -0.26 2.27 415 5.96 7.66 8.92 10.31 11.55 | 12.88 | 14.28 | 1557 | 1703
256QAM 1.60 4.30 6.57 8.53 10.61 | 1210 | 1391 | 4555 | 1743 | 1876 | 2044 | 2222
1024QAM 3.23 6.17 8.77 11.07 | 1346 | 1530 | 1746 | 1945 | 2435 | 2343 | 2552 | 2762
4096QAM 4.58 7.85 10.73 | 13.45 | 1604 | 1822 | 2069 | 23.05 | 2555 | 2841 | 3034 | 3283
* (BXM) A327 EZ0|M HAI=l 64800 LDPCE AR2SH A2l AWGN FAl M=
¥ 19. 6MHz M| M&E(Mbps)
Table 19. Total transmission rate in 6MHz
. Code Rate (64800 LDPC, AWGN)
Modulation
2/15 3/15 4/15 5/15 6/15 7115 8/15 9/15 10115 | 1115 | 12/15 | 13/15
QPSK 447 - - - 9:19
16QAM 277 - - - - +129 | 12.71 1413 | 1555 | 16.97 | 18.39
64QAM 416 6:29 842 | 1055 | 12.68 | 14.81 | 16.94 | 19.06 | 21.19 | 23.32 - -
256QAM 555 839 | 423 | 14.06 | 16.90 | 19.74 | 22.58 - - - -
1024QAM 6:94 | 1048 | 14.03 | 1758 | 21.13 - - - -
4096QAM 8:32 1258 | 16.84 | 21.10 - - - - - - -
¥ FFT Size : 32K / GI6_1536 / SP16_2
¥ 20. O MH|A JHE
Table 20. Maximum number of service
. Code Rate (64800 LDPC, AWGN)
Modulation
2/15 3/15 4/15 5/15 6/15 7115 8/15 9/15 10/15 | 1115 | 12/15 | 13/15
QPSK
16QAM 1.1 1.2 1.4 1.5 1.6
64QAM 1.1 1.3 1.5 1.7 1.8 2.0
256QAM 1.2 1.5 1.7 2.0 =
1024QAM 1.2 1.5 1.8
4096QAM 1.1 1.5 1.8

R L L e

A A52 712 DTV(ATSC 1.0) AH)2 thy] 5%

ATSC 3.0 ZAHUHD AR A& A2 Auj 2 ulet U 1 o] MEAE 93 MODCOD %3S &3

(¢

)

3

o
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3. ERMH|A o WE HE WEH|E =4

|28 Ao A$ES FE 5
< AEEte] WEF a3 Al'd(6MHz) WollA 9]
S(UHD : ©]5HD : 2Y2 =X :Y : 2)S A=E3h
Sl g2 o AdolA 7t Au 2l dgulg Hags
UERHE Zlolw, AAAIZE 100% Foll A UHDA 2ol X%,
o] FHD Aol Y%, 2T 2 Aol z%E TdF3t= A
< 9vgth. 6MHz A AEEMbps)ol WEH @A)
DTV(ATSC1.0)9} Y g Au| 2 AW S FHEHA
100% RF AH9S &-831= UHD @544 H) A% E

E 21. ATSC 3.0 ESHES 9IS UHD MH|AQ| Z|4 SiEig
Table 21. Minimum

2 23.32Mbpsolth 9714 X%E TS o) =] 244D}
UHD #%4 %<l KBS A9 FHA AsFAQA 115
MbpsE 7|F0 2 & 749, & 213 o] A RFAHI S
50%= WHEA] Sidsfof 3l KBS2 A'd- KBS1 Ad X
o YEAR AS FO7 KBS29 A5EZE 17.0MbpsS
Z23317] felAE AA RFARES] 73%E HEEA] §gs)
of gt

o] FHDE o] &4 A9 AA HHEMbps)oll wk, &
Al HD-DMB 2312 A4+ FLgk AMH| 2 AHEAE &
H3HA 100% RFAFDS &85l o] FHD @574
Ho MEE0] 9.83Mbps©|th. UHD®} PR A Z Y%s
S o HA ASTEZH 2.0MbpsE 23437 AsAE

llocation rate of UHD service for ATSC 3.0 mixed transmission

Service Signal quality MaIX|n.1um Allocation formula M|n|.mum
transmission rate allocation rate
UHD (KBS1 criterion) 11.5Mbps 23.32Mbps X > 11.50/23.32 = 0.4931 50%
UHD (KBS2 criterion) 17.0Mbps 23.32Mbps X > 17.00/23.32 = 0.7289 73%
I 22. ATSC 3.0 EHES I8 0|SHD MH|A9| Z|4 Eobg
Table 22. Minimum allocation rate of mobile HD service for ATSC 3.0 mixed transmission
Service Signal quality 2l e Allocation formula Mlnllmum
rate allocation rate
Mobile HD 2.0Mbps 9.83Mbps Y > 2.0/9.83 = 0.2034 21%
H 23. ATSC 3.0 SEHMES 95t 2r|2MH|A9| A ST
Table 23. Minimum allocation rate of audio service for ATSC 3.0 mixed transmission
. ) . Maximum transmission . Minimum
Service Signal quality Allocation formula .
rate allocation rate
Audio 192kbps 8.08Mbps Z > 0.192/8.08 = 0. 0237 3%
Frame
- Single Frame Single Frame Single Frame
A 3 ! ‘ ;
1 3 5 ! 3
3 =3 H | i
j £ PLP#0 | | [ PLP#1 | [ PLP#2 ] 3
£ | |
AudioCh. | MobieHD Ch. UHD Ch. ‘
Time

Minimum Allocation Rate

T2 2. ATSC 30 23HES 9f8t H4 BYSI Ty PIE

ATSC3.0 Frame Structure

Fig. 2. Minimum allocation rate and frame structure for ATSC 3.0 mixed transmission
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A4 S g ATs 23 E%Eﬂ 23t
50%, ©]EHDAY 21%, £.T]
71&0.
FA A A4y

ATSC 3.0 7|4 &
MODCOD %‘Oﬂ
AH2(11.5Mbps & BH
t}.

ATSC 3.0 7|9 33% Al o]FHD Ayl 2 &
7+o] MODCOD %3}l w2
=HD /qu]ib 16-QAM, 9/15(45%)°] 735 271

HA FYFLS ukEs= o

Ax

‘l‘ M-L

”&#) 7 et AE

o] & A 2|3HH °]FHD A H| (2. OMbpSa
4

I 24. ATSC 3.0 SEMEE 98t MH|AE =§
Table 24. Combinations of each service for ATSC 3.0 mixed transmission
UHD 50% criterion UHD 60% criterion UHD 70% criterion
Case 1 XY:Z = 50:25:25 Case 4 XY:Z = 60:25:15
Case 2 X:Y:Z = 50:35:15 Case 6 XY:.Z = 70:25:5
Case 3 X:Y:Z = 50:45:5 Case 5 XY:Z = 60:35:5
¥ 25. ATSC 3.0 =848 25t UHD AMH|A°| MODCOD =gt
Table 25. MODCOD Combinations of UHD service for ATSC 3.0 mixed transmission
. Code Rate (64800 LDPC, AWGN)
Modulation
2/15 3/15 4/15 5/15 6/15 7115 8/15 9/15 | 10/15 | 11/15 | 12/15 | 13/15
X=70% QPSK
_13 ° 16QAM 8.897 | 9.891 |10.885|11.879 | 12.873
o 64QAM 8.876 | 10.367 | 11.858 | 13.342 | 14.833 | 16.324
combinations
256QAM 9.842 | 11.83 | 13.818 | 15.806
1024QAM 9.821 [12.306 | 14.791
4096QAM 8.806 | 11.788| 14.77
. Code Rate (64800 LDPC, AWGN)
Modulation
2/15 3/15 4/15 5/15 6/15 7115 8/15 9/15 | 10/15 | 11/15 | 12/15 | 13/15
X=60% QPSK
_6 ° 16QAM 7.626 | 8478 | 9.33 |10.182|11.034
o 64QAM 7.608 | 8.886 | 10.164 | 11.436 | 12.714 | 13.992
combinations
256QAM 8.436 | 10.14 | 11.844 | 13.548
1024QAM 8.418 | 10.548 | 12.678
4096QAM 7.548 | 10.104 | 12.66
. Code Rate (64800 LDPC, AWGN)
Modulation
2/15 3/15 4/15 5/15 6/15 7115 8/15 9/15 | 10/15 | 11/15 | 12/15 | 13/15
e50% QPSK
‘?0 o 16QAM 6.355 | 7.065 | 7.775 | 8.485 | 9.195
. 64QAM 6.34 | 7.405 | 8.47 9.53 |10.595| 11.66
combinations
256QAM 7.03 8.45 9.87 | 11.29
1024QAM 7.015 | 8.79 |10.565
4096QAM 6.29 8.42 | 10.55
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F 26. ATSC 3.0 288 &S 25t O|SHD AH|A2S| MODCOD Zgt
Table 26. MODCOD Combinations of mobile HD service for ATSC 3.0 mixed transmission
. Code Rate (64800 LDPC, AWGN)
Modulation
Y=45% 2/15 3/15 4/15 5/15 6/15 7/15 8/15 9/15 | 10/15 | 11/15 | 12/15 | 13/15
15 QPSK 0.9585 | 1.2105|1.4625| 1.71 1.962 |2.2095 | 2.4615|2.7135| 2.961 | 3.213
combinations 16QAM | 0.9225 | 1.422 | 1.9215| 2.421 | 2.925 |3.4245| 3.924 |4.4235
64QAM [1.3815| 2.133 |2.8845| 3.636
256QAM | 1.845 | 2.844 | 3.8475
. Code Rate (64800 LDPC, AWGN)
Modulation
Y=35% 2/15 3/15 4/15 5/15 6/15 7/15 8/15 9/15 | 10/15 | 11/15 | 12/15 | 13/15
1 QPSK 0.7455|0.9415|1.1375| 1.33 | 1.526 | 1.7185|1.9145|2.1105| 2.303 | 2.499
o 16QAM |0.7175| 1.106 | 1.4945| 1.883 | 2.275 | 2.6635| 3.052 | 3.4405
combinations
64QAM | 1.0745| 1.659 |2.2435| 2.828
256QAM | 1.435 | 2.212 | 2.9925
. Code Rate (64800 LDPC, AWGN)
Modulation
Y=05% 2/15 3/15 4/15 5/15 6/15 7/15 8/15 9/15 | 10/15 | 11/15 | 12/15 | 13/15
4 QPSK 0.5325|0.6725|0.8125| 0.95 1.09 |1.2275|1.3675|1.5075| 1.645 | 1.785
combinations 16QAM |0.5125| 0.79 |1.0675| 1.345 | 1.625 | 1.9025| 2.18 |2.4575
64QAM |0.7675| 1.185 | 1.6025| 2.02
256QAM | 1.025 | 1.58 |2.1375
I 27. ATSC 3.0 EENEE 9I8F QL2 AMH|AS| MODCOD =&
Table 27. MODCOD Combinations of audio service for ATSC 3.0 mixed transmission
Modulation Code Rate (64800 LDPC, AWGN
7=05% 2/15 3/15 4/15 5/15 6/15 7/15 8/15 9/15 | 10/15 | 11/15 | 12/15 | 13/15
_2f ° QPSK 0.255 | 0.395 | 0.5325|0.6725|0.8125| 0.95 1.09 |1.2275|1.3675|1.5075| 1.645 | 1.785
combinations 16QAM [0.5125| 0.79 |1.0675| 1.345 | 1.625 | 1.9025
1~10 CH 64QAM | 0.7675| 1.185 | 1.6025| 2.02
256QAM | 1.025 | 1.58
Modulation Code Rate (64800 LDPC, AWGN
7=15% 2/15 3/15 4/15 5/15 6/15 7/15 8/15 9/15 | 10/15 | 11/15 | 12/15 | 13/15
10 ° QPSK 0.153 | 0.237 | 0.3195| 0.4035 | 0.4875| 0.57 | 0.654 |0.7365|0.8205|0.9045| 0.987 | 1.071
combinations |_16QAM |0.3075 | 0.474 | 0.6405 | 0.807 | 0.975 | 1.1415
1~6 CH 64QAM | 0.4605| 0.711 |0.9615| 1.212
256QAM | 0.615 | 0.948
Modulation ode Rate (64800 LDPC, AWGN
=59% 2/15 3/15 4/15 5/15 6/15 7/15 8/15 9/15 | 10/15 | 11/15 | 12/15 | 13/15
4 QPSK 0.051 | 0.079 | 0.1065|0.1345|0.1625| 0.19 | 0.218 |0.2455|0.2735|0.3015 | 0.329 | 0.357
combinations |__16QAM | 0.1025 | 0.158 |0.2135| 0.269 | 0.325 | 0.3805
1~2 CH 64QAM | 0.1535| 0.237 | 0.3205| 0.404
256QAM | 0.205 | 0.316
ATSC 3.0 71¥ 2844 A] 2o Mu~E & 279 g 270(KBS1 52, KBS2 56¥)9 &2 g 670
MODCOD %o 2% A4 9543 USshs 9res  DMB AY IE Bo2 B8] A% dgiet
H]240.192Mbps & H+= o 107 S A5 4 Stk Bl tiste] 48tk
4. EPMH|A T ATE XIS AR B 4.1 AAE4-1
) KBS W48 KBS 529 Ald 3 KBS2 561 AdS
ATSC 3.0 719+ E3pAMu| 2~ FAS 98 4 &3 747} UHD 17H+DMB 170+8t] 2 3702 & 79 A
5 2830 WA PETAKBSE WY 2 AL ARSIEA P5F9 10719) A2t 27 Al
Z1ey 5t th KBS7F 29383 3l= UHD 2 Au 27} 7hssith

MODCOD %3
02 AlEEAS
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P X UHD : Y ©|5HD : Z 242 = 60% : 25% : 15%

Modulation Code Rate (64800 LDPC, AWGN)
2115 | 3115 | 4115 | 515 | 6/15 | 7/15 | 815 | 9115 | 10/15 | 11/15 | 12/15 | 13/15
QPSK
UHEZ 16QAM 7.626 | 8478 | 9:33 |10.182|1+034
X=60% 64QAM 7-608 | 8:886 | 10-164 | 11-436 | 12.714 | 13.992
256QAM 8436 | 10-+4 | 11.844 | 13.548
1024QAM 8415 | 10.545 | 12.678
4096QAM 7548 | 10104 | 12.66
% 32K-FFT, 256QAM, 7/15 = 11.8Mbps
. Code Rate (64800 LDPC, AWGN)
Modulation
. 2115 | 3115 | 4/15 | 515 | 6/15 | 7/15 | 815 | 9115 | 10/15 | 11/15 | 12/15 | 13/15
MOb"eOHD QPSK 0.5325 | 0:6725 | 0:8425 | 0.95 | 1.09 |4.2275|4.3675 | +:5075 | 1.645 | +.785
Y=25% 16QAM | 65425 | 679 |4-0675| 4345 | 4625 | +-9625| 2.18 | 2.4575
640AM | 07675 | 4485 | 16025 | 2.02
256QAM | 4625 | 458 [2.1375
% 8K-FFT, 16QAM, 8/15 = 2.18Mbps
. Code Rate (64800 LDPC, AWGN)
Modulation
2115 | 3115 | 4/15 | 515 | 6/15 | 7/15 | 8/15 | 9/15 | 10/15 | 11/15 | 12/15 | 13/15
Audio QPSK | 8453 | 0.237 |0.3195]0.4035]0.4875| 0.57 | 0.654 |0.7365|0.8205]0.9045] 0.987 | 1.071
Z=15% 16QAM | 0.3075 | 0.474 | 0.6405| 0.807 | 0.975 |1.1415
64QAM | 0.4605] 0.711 |0.9615] 1.212
256QAM__| 0.615 | 0,948
% 8K-FFT, QPSK, 8/15 = 0.654Mbps(218kbpsx3)
4.2 AHEM- S A dA Muj2 22 L Ald AAE )] LR
A KBS ¥<4S UHD 170+DMB 171+3H] L a7l 2 & 2o 2 ot}

P X UHD : Y _°IEHD : Z 2U1$ = 60% : 25% : 15%

P Code Rate (64800 LDPC, AWGN
2/15 | 315 | 4/15 | 5/15 | 6/15 | 7/15 | 8/15 | 9/15 | 10/15 | 11/15 [ 12/15 | 1315
QPSK
UHD 16QAM 7.626 | 8478 | 9.33 |10.182 | 11.034
X=60% 64QAM 7.608 | 8.886 | 10-164 | 11436 |12.714 | 13.992
256QAM 8436 | 1014 | 11.844 | 13.548
10240AM 8418 10548 [12.678
40960AM 7.548 |10.104 | 12.66
% 32k-FFT, 256QAM, 7/15 = 11.8Mbps
PR Code Rate (64800 LDPC, AWGN
215 | 3/15 | 4/15 | 5/15 | 6/156 | 7/15 | 8/15 | 9/15 | 10/15 | 11/15 [ 12/15 | 1315
Mobile HD | QPSK 6-5325 | 0.6725 | 0-8125 | 6.95 | +.09 | 1.2275| 1.3675 | 15075 +.645 | +.785
Y=25% 16QAM | 05125 079 |+0675| +.345 | 1625 |1.9025| 2.18 |2.4575
640AM | 07675 | +.185 | +-6025| 2.02
256QAM | .025 | +58 |2.1375
% 8K-FFT, 16QAM, 8/15 = 2.18Mbps
T Code Rate (64800 LDPC, AWGN
215 | 315 | 4/15 | 5/15 | 6/15 | 7/15 | 8/15 | 9/15 | 10/15 | 11/15 [ 12/15 | 13/15
Audio QPSK | 0.153 [ 0.237 | 0.3195|0.4035 | 0.4875 | 0.57 | 0.654 | 0.7365[0.8205]0.9045| 0.987 | 1.071
7=15% 16QAM_ |0.3075| 0.474 | 0.6405 | 0.807 | 0.975 |1.1415
640AM | 0.4605| 0.711 [0.9615 | 1.212
256QAM | 0.615 | 0.948

# 8K-FFT, 16QAM, 8/15 = 1.1415Mbps(190kbpsx6)
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P X UHD : Y o|5HD : Z 22 = 50% : 45% : 5%

Modulation Code Rate (64800 LDPC, AWGN)
215 | 3/15 | 415 | 515 | 6/15 | 715 | 8/15 | 915 | 10/15 | 11/15 | 12/15 | 13/15

QPSK
UHD 16QAM 6:355 | 7665 | 7775 | 8485 | 9195
X=50% 64QAM 634 | 7465 | 847 | 953 |16:595| 11.66

256QAM 763 | 845 | 987 | 1129

1024QAM 7015 | 879 16565

4096QAM 629 | 842 | 1655

#* 32K-FFT, 64QAM, 11/15 = 11.66Mbps

Code Rate (64800 LDPC, AWGN)
2115 | 3/15 | 4/15 | 5115 | 6/15 | 7/15 | 8/15 | 9/15 | 10/15 | 11/15 | 12/15 | 13/15
Mobile HD QPSK 0.9585 | 4.2105 | 14625 | +.74 | 1962 |2.2095[2.4615|2.7135| 2.961 | 3.213
Y=45% 160AM | 0:9225 | 1.422 | 1.9215 | 2.421 | 2.925 | 3.4245| 3.924 | 4.4235
64QAM | 1-3815| 2.133 |2.8845| 3.636
256QAM | 1.845 | 2.844 |3.8475

# 8K-FFT, 16QAM, 4/15 = 4.4235Mbps(2.2Mbpsx2)

Modulation

Code Rate (64800 LDPC, AWGN)
2/15 | 3115 | 4/15 | 515 | 6/15 | 7/15 | 815 | 9/15 | 10/15 | 11/15 | 12/15 | 13/15
Audio QPSK 0:651 | 0:679 | 0-1065 | 6:1345 | 6:1625| 619 | 0.218 [0.2455|0.2735|0.3015| 0.329 | 0.357
Z=15% 16QAM | 6-1625| 6:-158 |0.2135| 0.269 | 0.325 | 0.3805
64QAM | 6:-1535| 0.237 |0.3205 | 0.404
256QAM | 0.205 | 0.316

# 8K-FFT, 64QAM, 5/15 = 0.404Mbps(202kbpsx2)

Modulation

4.3 ABIEA- o} 715 ASAZ7] ETL AvE A4l H2ESS]
A7) KBS ®4-2 UHD 17§+DMB 27i+2H 8 2702 & KBS 7]&974 484 Yol ATSC 3.0 2jeaAlgd SA
S 7% A MBS DMB A AAE 7] AE= F HAEME 15S 59 434 HAEE 19T I3
we T Atk 3, AR RTPY) - UDPS) - IP) +A%F w53 739,
ATSC 3.0 RF $210] 78S APA FFoA] &l 5
5. ZE HAE Z1} AL ol FICE Flo] P HAEE Sk
ATSC 3.0 Au]2=9] o]24 ATE 53l &&d st 5.1 AL Al
HlE] 23 FolA Au|A ThsAo] w2 Zfel disl AAl AU G gL A F91 ATSC 3.0 A5 E FH )
ATSC 3.0 ZAE 53l 434 & 9 7«4 455 79 UE FAlste] 7 AR AEe] 27 79k HaY A
319tk HD-DMB Y88 M| 2 Bk 4 A5 HAE TRk ARSI, AUFA AP olFFAl A AbA
£ 9J8ll Rohde&Schwarz2] 7]FA15EE7]Q] ‘SFU” H) A9 Mdem AAsdth WA 7t FA7EY A

7) RTP(Real-Time Transport Protocol, AAI7F Ad ZRZEF) : AAZFOZ SA oY F35 £44157] Y8 A4 AF BA 749, A o<k
ZIEFRSVP)IAE g 29E 59 5% 717)d JA&A i v 7ho A= Ao] £tk

8) UDP(User Datagram Protocol, AHE-7} Blo|H I3 Z2EF) : Aeule] BF Z2EZ <l TCPAPY 7hto] ¥ ZZEZ| ). TCPAPIA =
% AIZOSIS] A3AZ ) ZREFQ P HE AZ0SIE] AMaAZ i) ZREZQ A Alo] ZEEFH(TCP) T AHEAF dlolH 17
ZZEZ(UDP)Y At 3uE sl HoHE FawEDh

9) IP(Internet Protocol, JEIYl ZZEF) : OSI 7| #x RdE 7|22 1 ABAZUEYZ AZ)d sig=E Z2EF, TCPIPY IF-ZE
AHS-E T
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Locking & 48]~ 2]~E(Al, A2, A3, HD, UHD)7} A4 ), AZ(60km o|U) 2 o]53lH 42184, CNR, MER,
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Atk Aojalse] #4188 B 4 9= Preamble MER®

5.2 0|54l Mg FAg o] v S48 A3} vE s SEHASS &
ol gl S AFEHAAE AFA] AU 83.4kmE & 9

ATSC 3.0 o552 SHAFE ©]&3ke 14(100km ©] I8 5004 & 4= 2150] MER®| YA 42150} = FEC

Check the service list from indoor Check the service from indoor Check audio service decording from
receiver receiver indoor receiver

JF 3 Ml A 2
Fig. 3. Experiment result from indoor receiver

¥ 28. =™ ZAn
Table 28. Measurement results

measurem PLPO PLP1 PLP2
measurem
ent t voint Average | Average | Average ] Good ] Good ] Good
Distance | " PO | Level | ONR | PMER Ma;'Ergum Aﬁ;ge - Ma;'E"éum Avhjéaéie —_ Ma;'ggm Aﬁ;ge -
(km) (%) (%) (%)
83.4 6,275 -64.74 | 26.57 16.02 77 165 | 51.20 428 17 61.67 753 17 16.94

receive level measurement - dBm carrier to noise ratio - CNR Preamble MER

T2 4. OS54l Al SAI2f, SHATIC TS|, MER 5% 27}
Fig. 4. Receive level, CNR, MER measurement results from mobile receiver
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PLPO audio PLP1 mobile HD

PLP2 fixed UHD

T2l 5. PLPE FEC £ Z3}

Fig. 5. Measurement results for FEC error rate by each PLP
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