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Root 7C
L Subcarrier |
|®, | Mapping F
and zero F
T padding T
Seed PN

Sequence Generator

(A 1) REAEY MY(Fne Fo)4]

Z WA Major version)d F A (Minor version) 2.2
TAJEo] ot REAE AT E HAsh= 7C =42

q #ol F WA Zsh PN =89 Seed 3t (271
oz K wHE FESITE A ATSC 3.0 FF0A
7C9 gl 1372 17=o] glom, ol= 3= HXo] 0
UE GJufeie}, B HHS ooﬂﬁ T SR FHEE] o]
ek, ol gt PN =49 273k & 1) °f
L}EMJ%E}M].

3E 3, GE Dol ehhIeH4l

BEAEY AEe Afdo] SIS uf TVE] et
Alofst7] Sigk A3 Adsh=t] F HAje A WA £
E/\EE]J }JL o]_Q_o].o:] 71—71— 1H]E}JJ 23]594 ]

Az tho &} 2o
% 7HI thg mé|lo] Lhebet uprbe] A
B2 olgolol A5, £

gz *éi%& Al RIA AES olgstel de

|

O

1:1-5].1;]. HEAEZ 0|5

EL_E

Shof v W) AL ohAjgh REAER A e 9

Aok S Eam L oo Qs Aol dieh ot
& AEsh= bl o-8¥t, o] sl 22 FFT
2719t Bo 7t Ao 22al Ze|iEe]| o]8E = ut
A (Pilot) T+ZF Ll1-Basic®] Forward Error
Correction(FEC) F.=of| that Zo|d 0ol 159744 &
160 7}21] 75l thal} A of=lo] UrH4],

(H 2) & Hij REAEMO| A|2E2 HE[4]

ISP EASE! X%EI_% Adsl=d] A WA AE-L ok Syntax No. of Bits | Format
- _ bootstrap_symbol_1() {
Al v} o] WgTARle] A 7ol ofgy] oS
W] MER WS AR Qo] ofF 4 g mintime to_nex ] e
_ system_bandwidth
o|-gsto] F 248|EQ| A|1d ] RS M5 Het | 5 uimsbf
REAER A8 Sl G AL ojo] T} B3 4 2 | umsl
Slck, FEAEY 7} 412o] A1 ES (2, ¢
o - = = Ad x7|7H
(1) 2 HHM™EEE LIEE PN £ X71344] (& 3) Ml Hmy Eafo| A|a2gal TE[4]
. Tinit = {I_‘l_l' -/ To} . Syntax No. of Bits | Format
Bootstrap Minor Version Binary Hexadecimal
0 (00000001 1001 1101 | 0x019D
bootstrap_symbol 2() { 1 uimsbf
1 (0000000 1110 1101 | OxO0ED ea wake up, 2
b fficient 7 uimsbf
2 (0000001 1110 1000 | Ox01E8 \ St_costticien
3 (00000000 1110 1000 | OxO0ES
(H 4) U] Hj EEAEMO| A|IO223 TE[4]
4 00000000 11111011 | 0x00FB Syntax No, of Bits |Format
5 (0000 000000100001 | 0x0021
bootstrap_symbol 3() {
6 (000000000101 0100 | 0x0054 preamble_structure 8 uimsbf
7 (00000000 1110 1100 | OxO0EC !
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IV. Constellation

ATSC 309 ol BlaAe xR wet
Al QPSK, 16QAM, 64QAM, 256QAM, 1024QAM,
1096QAM §0.2 THE, 2t wagAe] AuEs
A 119] Bmeo] ujet FAsh Baelo] gl
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A AAHuniform constellation)#} B4+ A8}A| HEE o]
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2= Additive White Gaussian Noise(AWGN) 2}
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Signal to Noise Ratio(SNR)o|A] A& 2AJe o= 9}
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A
A oo o0& 7] '?']:6}]/\1
£ HRAGE AN Shte) A4S Feke k
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$319) 22 SNRoIA 483 7417

Shannon
unconstrained

=6 — - 4-QAM
.’6
g 16—-QAM
@
4
- 64-QAM
----- 256-QAM
2
----- 1024-QAM

signal—to—noise ratio (SNR), dB

(23 2) Y QAM T&22F H|Z(AWGN)[17]

Shortfall of the BICM capacity from the unconstrained
Shannon capacity: solid lines NUQAM, dashed lines UQAM

i

QAM size

j | & 256
1024
4096
-©- 16384
-©- 65536
262144
-©- 1048576

BICM capacity shortfall from unconstrained Shannon limit, bit/sym

40

signal-to—noise ratio (SNR), dB
(2 3) QAM HET HIE BEZZH(AWGN)[17]

HrY A= o+ Aol sl B =2 BICM A&
$5FS P53 F Q= o R 4w A HRE
US| FEAZA] G QTS At IS st
A71E Wolch, & vl A AR E Yele=
SNR} A ol wheh /g9 44 9IRS t=2A

(28 32 AWGN Adol 2zste Hlitd QAM
o] ¢ QAMe] B3} Shannon Limit=245- A= H]
EREH shortfall& Aot 2 4= eAlE HoiE
ot (2" 3)9] Y QAM Aoz FA[SHH SNRY
o2 22 9] 7 QAMS] F72} Shannon Limite] H]
3 AET HIE FEES Holeth vt QAM 4
Mo HA5H Ysk= SNROA 7Y QAMe] Ha]
o St WSS Hojerh B3 2E SNROYA

7 vl QAMO| vls) B pet ASEEE Ko

a9 3)ellA o= & AWGN g3} ch2A] 24wt
g2 dubA oz t57d 2 (multipath) S 7F 2Ho]A]
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(3 4) ATSC 3.0 ™&

¢t Rician)olvt Yol (Rayleigh) #EE 7HItt,
w2k AWGNOA| BICM &3 2|23} il o|211Y
Ho|g) Aol thafA] BICM & &3} 2}4o] La
S5,

ATSC 3,09] AL
o, 79 QPSK H29} 16QAM, 64QAM, 256QAM,
1024QAM, 4096QAM 29| 57} |4 AArog
TEEO] ek, 747 vl Aot REg0] 2
Thol| whe} the A AlFshAle, F2.9] Zojof| whef
A= Aol WahA] gt ol= Ho&m WAt
WA A= F50] o]} 648002 1620001 T
%}% o] AMgElE e oulgith QPSK 4139

ARS- 12}91(1—dimensional, 1D) QAM FEjZA] RE
%i &0l el -2 Aol AR 16QAM, 64QAM
3! 256QAM A15.0] vt A4 2214(2D) quadrant—
symmetric QAM /g/golm T AHEHO ZEE 9
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4L o] g3te] S0l A}, AT QAM B2
o] BYEZ Zo|7] 934 1024QAMT} 4096QAM
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ol thste] ZHzt HlHd 1A PAM Ao RS
SR
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Formatting Formatting
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Injection Level
Controller
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Power
Normalizer
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Over The Air Interface
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3~6dB H=0] 52 AILE ol S AR = AT,

VI. MIMO 7|&

A SuhE °130}C’4 & S FH=E 27 9
A= W HAES ARBSHAL MERAE S7HA17]
< o] QLo ARl i Sk} WE A
2AE el Ag8 STl A et ol&A
©2 Single Input Single Output(SISO) A]AEofA =
Shannon limit o) HET 4= 7] wzell F7141<
T g glo] AS-8 S 7hs R MIMO A2~
glo] th-g=F Hboll F=3t 7| SH = tiFE U

MIMO 7|3 AR831] Hsﬁ/ﬂh QeI 7he] Ak
W= ALefstoiof s ko] Aopda== MIMO
Al2]9] o] 52 AR[A| Hr}, Age £017] flsiAl
= O}Eﬂ‘/} ) ARE F45] Hol = o] A
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FAHIE 0]83t cross—polar MIMO A
t}, (2™ 82 10m 9]0l rooftop
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S Uepdith (29 9)7 Zo] SNR
o] Z73toll ‘I}E} SISO ] MIMOS| g -g7Fe] =2
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for for - Frag Spatial %0, X2, ", XNeelsf2 Phase Gor G2 GNeels-2 To cell
fu fa - FrawMultipplexinge,, x;, - zycsh |91, @ gneellsainterleavers
Precoding = Hopping (=
F X(i)
W(i) = XG)F

(32! 9) DVB-NGH MIMO eSM+PH £E=[9]
Code(STBC) 7]%&©] optional2 A&i=glom, DVB-
Next Generation Handheld DVB-NGH)A+= 41
QHEIF 270, 424l QEEllLt 270 ARE-SEe] HEH] 25 W
Z£3l= eSM+PH(enhanced Spatial Multiplxing+
Phase Hopping) 7|<©] A &% 2IcHI).

(a9 99 PH-eSM 7|¥2 spatial multiplexing
precoding 71§Q1 eSM 7R{ollA 5= WA FA41 SHeLt
Alzol v OFDM A& U}‘:} A or Frlehe oV
= Y92 H3 F AFshks PH 7ol A% € Ao
ot eSM 72 olsaAl AdeEat e Line of
Sight(LOS) A&7} EAsh= W6 Aded-s aeste
AR =3lom PH 72 LOS 2H3olA dF &
(burst error}& A4fsto] Ad £5 ol ARFS
tho|HAE] o] 55 A7 flsl AAEACHI0N11]. T
g 591 ATSC 3.0 E=of|A %= DVB-NGHS} |55k
29| precoding 7|®Ho| 3= o] QItH2].

(28 10)°] YrERd MIMO precoding 37112] 220
2 0]20]A 9101 stream combining =2 44] (1)

Y, (Tx1) ] _ [cosH sin @ [ X,;(Tx1)

Y5i41(Tx2)] ~ lsin® —cos 0] [X5;,1(Tx2) 0

I/Q polarization interleaving & stream combining
E2oA 289 27| A=) real 1} imaginary 4+

M= WA HoHAE o5 deth PH &S
MIMO Precoding

Xz (Txl) » Stream Q Phase +.5 2(Tx1)
Combining Polarization Hopping | |

Yo (sz_l_. Za1(Tx2)nterleavingzi (Tx2 L1 S (Tx2)
: | |

(T 10) ATSC 3.0 MIMO Precoding £2%[2]
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52i+1(sz)] B [0 e’d’(i)] [Z2i+1(sz) @

JE NHKE 201249 590 2x2 MIMO 7]&=
4,%km EojZ Aglol|4] 8K UHDIV H5AHLS 2%
2 AFslgon 201649 3¥ol= 2719 $A41715 o4
Sk MIMO A5adS 34siich, i Ed d|EQ

A](Hitoyoshi)@t w|5=7 1] (Mizukami)of] ZFF MIMO -
A7|E AAe Agsrola SHE A A -oA 9 A4
5 HAEES Agsiqnt. 3EQA HA17]9] &£8&

10W, mF=zho] $4l7]19] 32 W2 AHd2 Single
Frequency Network(SFN)0.2 ZAsA 46WH(Ultra
High Frequency. UHF 671MHz)& #8351t A4
AY e (2" 11)2 o) o] Hutoll 4096 QAM
2853k, £, 8K AT Slaf &4l B
555 /472 H} QbE|UE ARE-Sl= cross—polar MIMO
7IHE A-8s19em, 91.8 Mbps?] 585 e

Ak, 71 SFNojlA| 2x 2 MMOE 4-8-5PH 534 <

oA sgAEY] 2HER Joul)= QI8 4 A
=7F 1~2dB HopAle @S Hekslr] 918f Space
Time Code(STC)E 2185} o] 253t 5, 4x
2 MIMO % - A& ’5H%d Al oA 4l A=
7F 235]8 1dB #woHle A¥e S3f Eaich e,
6MHz T t el A o] 2|3t AF-8d= 7HA7] SlsiA]

o

ﬂ o Advanced
= SFN

Mizukami
T Station

H|t0yosh| o
Station

(33 11) 2719] &M7(2 ol&st MIMO H&AIS[15]
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Antenna 4 Frequency
converter
\ N o
S , ) :’ |
/' Lownoise | | A
Pre—amps

Existing
Installation's
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cable

(A2 12) Ot HE7|E 0|3 MIMO =AIEHH[16]
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Advance Television Systems Committee(ATSC) 0|= C|X|E!
s HESH 71T

Digital Video Broadcasting(DVB) £219] M| HANHS
2 7dE o2AdEeZ XM} Y4, Aolg EEnaE MFet
= B&s 717

DVB—Next Generation Handheld(DVB-NGH) DVBS| XA}

0I5 U B0 w2 A3 AN TS 72

of0f 2|

ATSC Advance Television Systems Committee

AWGN Additive White Gaussian Noise
BICM Bit Interleaved Coded Modulation
CNR Carrier to Noise Ratio

DVB Digital Video Broadcasting
DVB-NGH DVB-Next Generation Handheld
FDM Frequency Division Multiplexing
FEC Forward Error Correction

FEF Future Extension Frame

HD High Definition

LDM Layered Division Multiplexing
LOS Line of Sight

MIMO Multiple Input Multiple Output
NUC Non-Uniform Constellation

PLP Physical Layer Pipe

S32 Specialist Group on Physical Layer
SEN Single Frequency Network

SISO Single Input Single Output

SNR Signal to Noise Ratio

STBC Space Time Block Code

STC Space Time Code

TDM Time Division Multiplexing

TG3 Technology Group on ATSC 3.0
UHD Ultra HD

UHF Ultra High Frequency
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