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UP DREZIZ, DNP (HIBRIE A XV > b 1N W ERHEN DD Y U 2 RNy L, £
DEBRAIBRINTZXNV Ty N A 7 VA N T 5,

DNP 23 KFFZAME Td 5 DNP = 2555 ICEE L, IRO/NNT y SRFEX A NT v N ThL%6H. £0
XNy MEIARN Ry b E LTIREF S BES LD,

DNP 7 ¢ —/L F(1 731 MIZ(NB LV 3.3-4 DFLRICHEVMEE SN D4 UP DRICHASIND,

(P )

XNy NERIERT 2 Z LI KV BEONRIEBAIRE L 72D, HIFRS LT X v 37 > ME ISSY &
AT BT LD ZEICTHBL S, Z3RE & FIRHI—E DREEE D IRFES LD,
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DNP & A2

Utk
DNP
R/I/'/\ob-“/]\@ﬁm}/% H A L

v

R 1 i
- WOFNIRT b H
]\jj AT )
DNP (1 /31 R)&ffA

% AN

AT ASa v
¥ (]3] 51§ (]3] 51§ X 5§ uP 5
N S N S N S N S N S
Cc Y C Y 4 Y C Y C Y
,
DNP=0 DNH=0 DNP=1 DNR:
........... v

s | s I D s I p |

¥ UP™" == | | s ¥ uP 5 *
Hh ¥ SL P8 3| Py

B 3.3-4 X/ R0y b OHIERLE
(5) CRC-8 % 51L(GFPS B LY TS, NM D Fr)

CRC-8 %, UP L' L= 7 —HICHEA SN H@@EE— RB L0y MERA MY —A0DH), %Y
THHE(NESH), UPL 25 8 By D UP 22 L5V b DO(SYNC /A ~OHIERE) % | B E
DOfFER EICER STV AR 72 8 B b CRC-8 fF75{bas CUBLT 2 MEN H 5, GHH 47z CRC-8
X, (7) IZHEV, UP ORITEINT 5,

(Fir)
CRC FF 51t %2179 Z £12 XV BB Hearder OFFH/NT A — & L U TG TR L7228 E LW D

ThOREZSD Z ENATREL 72 D,

(6) X— A/ K~ &' —(BBHeader) DFfi A

R=ANY RTF—=F T 4 — )V RORNIT =X 7 4 —/V RDOT 4 —~» Nk T 572HD 10 /31 |
BBHeader # i A9 %, BBHeader (i# 7 E— R(N)TIiL¥ 3.3-5 (a), m#hZE— NMHEM)TIZX 38.3-5 (b)
BT S, BEOT— FONM 721X HEM)iZ, MODE 7 4 —/L RIZ X Y il & 5(CRC-8 7 4 —/L
K& XOR HAEIZEVEHILD),

(FH)
BB Frame # L4 5 ECORARNIFERE . ERFHITHRMIIHERN T~ X BBHeader & LTV 7+ U 7

TAHZLICEY FOBDAL— R ZHBNERE L 72 5,
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MATYPE UPL DFL SYNC SYNCD CRC-8

‘ S pe pe Ps MODE
2314 1) @214 1) @231 1) 131 R) 231 1) @54 1)
33-5(@ BB~y #DEX (NM)
ISSY CRC-8
MATYPE ISSY 2MSB DFL SYNCD
@54 1) @14 1) @34 1) (11/I£BH @734 1) (11"{94[”";)
X 3.3-5(b) BB~y #DFEKX (HEM)
MATYPE (2 /31 B): ANARN)—=LbDT7—~vy bE&, T— NEGOHEEL, £ 3.3- 110> T

Lk %, MATYPE 7 4 —/L RO Ey NOEHEIZLLTD & B0,

BA DA F(MATYPE-1):

® TSIGS 74—/ RQEY M, AMNARNI—LD74—~v r: WH 7y MEA R U — L (GFPS),
N7 UAR=b « 28U —2A(TS), PWHEREA U —A(GCS), IWHA 7 EAAEA R U —A(GSE)
SISMIS 7 4 —/L (1 B I): H—F 3D AT A Y — L4
CCM/ACM 7 « —/V R(1 B v b): FE/FBLB L OEM, FioiLa &/ a Mo bds L O

® ISSYI (1t R, ANAN)—LAFMA L Tr—4.1SSYI =1 (T 27T 4 7)YDEE, (DITHEST
ISSY 7 4 —/V REGHR LIEAT 5,

® NPD(1 By h): XARTy NIBROT 77 4 71367 77T 47, NPD BT 77 4 77L&, DNP %
FHE L UP OR%IZIENT 5,

® EXTQE Y h): AF 4 TEARHRC2 DEAILEXT=0 T, M H D7D FK)

# 3.3-1 MATYPE-1O7 4 —/V FDEHR

TS/GS (2e» +) | SISIMIS (1e» ) |CCM/ACM (1w ) [ISSYI(1evt) | NPD (1€ v 1) EXT (2e > 1)

00 = GFPS 1=H— 1=CCM 1=77s5747 |1=77747  [JEREADOBICTH

11=TS 0 =% 0=ACM 0=%72547 [0=3%72547

01=GCS

10 = GSE

I EEE— NCGSENEM SN DA, @A MU —aE LTHbARTINIER ST, TSIGS=01L R LT
TR B 720,

2% B D/~A FM(MATYPE-2):

® SISMIS=0 (AT A M) —L)DEE, 2FHDONA b = AJJA b U — LG8 5I+(PLP_ID),
Z ) TRWGEA, 2FBOANA b = T0) CRERFEA DD ),
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BBHeader D> 7 4 —/v RO ELE . £ 322 12777,

# 332 BBAYHFDT 4 —)L KOFEM

T4 E AR R REA

MATYPE 2 RO Y .

UPL ) a—H#—,by Mg (0~65535E > 1)

DEL 5 T—%7 44—/ FE (0~58112t v )

SYNG ) 2—H %y FOSYNCAA M LU, GCSTIXOXBI~OXFFD WA 3.

SYNCD 2 T =T 4 =)V ROBIIGALE & 7 — % 7 4 —/ FNORINSHEE Shica—3—_7
> b OBRIAALE O BERE. SYNCD=0THiUXHRY D2 —F — 7> MIT—F 7 1 —)v
ROYHEETH Y, SYNCD =65535 CThiiEa—— 7 v MIT—% 71—V FH
WZIEmNZ & L7 5. GCSTIESYNCDIZFFERDAIZ TR SN TWT, EHRINRVIR
D, 0L Ladiudin .
CRC-8 MODE 1 CRC-87 4 —J/L K (134 k) EMODE~” 4 —/V K (131 ) OHhpEaFE 1. CRC-8
IEBB~ v Z DA DI RA MIEIY BT HN7zx T —HGS (HEESR) .
MODE (8t~ MIZLL FTOfEiZ 2 LD LT 5.

e 0:iEHFTET—F.

o 1:EhEE—F

o FRRUANOIE : RFRMEH O BICTH

(BEH)
ANA RV —=LDT7 r—<v b, KOE— NEAGHHR, 7y MR, 7—47 4 =L PR EZEFEICL
LI RRENHEZ 7 L — LAOJHICES | ZERPROICLIETE DL 01275, o, IRLHHRITX
B2 ETHERERTH LD, TOREMELRIET 572D CRC FF A LA HEd,

(7) E— REEY T AT LDHHNA N —2DT7 +—~ v |
ZOHITIE, BEOET—REANA N —LDT7 3 —< v MIOWTDOE— REEWLHELE 75 7 X
T—va oW L, MAOA M) —AD 73—~y bERT,

BHEE—F, GFPSEBXUTS

BBHeader Df§ 52 DWW TCIR(O) 2RO Z &,

N7V AR—=FA RN —ATIHO-UPL=188 x8 ' N T MDD /34 MISYNC/ A M @Tuex) TH 5,
UPL (it &N 5 2—H—/ 30y P R)ITIHRMILO-UPL &R CICRE SN DNEDNH D,
E—NlEGT=y MNIKROEES—F7 U A %ETT 5H(X 3.3-6 &),

& ANANI—ARMIZFEATD (A7 a3 2), ISSY 7 4 —/b REIZE LT, UPL 8 16p %7213 24p
By METHESR XD, ISSY 7 4 — /b KB4 UP OFRIZEBMEND, TSIZOWTIE, BnEizit
W7 4 —~> D ISSY MG OEHNFFAI S 5D, GFPS IZOWTITEWT +—~ v hDIx,

® UP OJEH/NA F72 SYNC A FTH L%, £D 1 231 b+ ZHlkR L BBHeader ® SYNC 7 f —/b
RIZEA L T UPL % 8p B FETI DT, % 9 ThWA | BBHeader  SYNC % 0 (Z5%E L UPL
IIEE L7V,
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TS IZOWT DA XNy MIBREFEITT S (73 v), DNP Z3HHE LIRICEE S D UP O
BITHENT D, UPL % 8p 721 HECT,

CRC-8 Z##i9 %, UP D#%IZ CRC-8 # 4% L UPL % 8 72 17 I,

SYNCD ##H(T—% 74—/ FNTRIIEESND UP OREMOE > h%&FE3) L. BBHeader
IZHANT D, IGEEND UP DO » M, B UP @ CRC-8 (EH SN DEA)THEY . ot UP 236
EISSY BEUDNP 7 f —/V REEH S 255 8) TR T3 %, Z D72 SYNCD 1EH7D UP & CRC-8
DOEAIOE > N EfRT,

GFPS ®O ¥4 BBHeader |Z UPL 23M&f S5,

| -
>
R i)
- H -
- - - n
Sy MESREA R Y —A . : UPL : : TSO#%
: i > : N ..
L] L}
g o vrro | LR 2yvrio | LR R sy oo | LR & Fyvimo | LI B Fyvrro | LB
§ UP |§|P|8] = UP |§|7]& upP | §|*|% UR 5P| up |§|°P
L] u
L L LIS [ S N S — N N R
svneD ¢ E i 77
- F7Tva v
w5 DFL &
- V.‘ V.
BB ~ v & T4 74— )L F
MATYPE UPL DFL SYNC SYNCD CRC-8 MODE
@ 11 @ <4 1) @ <4 1) (@ 511 @2 4 1) @ssh)

X 3.3-6 ®WHE—FK, GFPS, TSTHDE—KRKTHFFHXHNIRTB R MY —LDFR

EHRE—F, FFUVAR—FA Y —A

T AR—=FA R —=LIZ2O0WTIE, SYNC 734 k& O-UPL = 188 x 8 DIE M 2 Z(E MM XEEE TH
5728, UPL B XONSYNC 7 4 —/L RIZISSY 7 4 — /b ROMEFEIZHH SN D, T— Fiid>r=v ME
WOEWEL — 7 L A &FEITT H(X 3.3-7T =5 MR),

T =27 4 =) ROEHO UPIZBETHANA MY —ARMQ)E2ZR)Z/HA (X7 ar), oF
Y BBHeader ® UPL 33 X OV SYNC 7 4 —/L RIZISSY 7 4 —/L RN A I LD,

R SA R SHIBR S 415 23, BBHeader @ SYNC 7 o —/L RITHEHI L7200,

XNy NEHIBRT (M ESR) (7> 3 ) ,DNP Z 3R LIRIZIEE & D UP IS 5,
UP L~ULTO CRC-8 IFFHRE SN THIA S 4720,

SYNCD % #5H(T—% 7 4 —I FNO&HFID UP DO E > b Z459) L. BBHeader {ZH#19 5,
BESIND UP DLy MESYNC /A MHIER#EZ DIC UP TEEE Y DNP 7 ¢ —/L FIEH SN 5565
THTT 5, D7) SYNCD I SYNC /A MMI#Hi< ot UP OFRMIOE > M &EHET,

UPL (Z#5 & 419 BBHeader Tk b SRV,
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[ ] L) n H#Fﬁﬁ
[ ] - H
Fooagi—hk 2 Ry—2n = : : .
ol #vvrro Bl #2v5ro 3 EE IS B 4yorrom ol #vvrro
P uP Pl aup F uP F up = F uP
—— :
= SYNCD i : s
u = - r 7T var
80t v k - DFL H
et p-
u
BB ~ v & F=45 o Z 4 =4 ¥
MATYPE ISSY DFL ISSY SYNCD CRC-8 MODE
(2 "4 ) (2 MSB) (2 54 1) (1 LSB) (2 51 b) (L 51r)

i\ﬂr»f‘ya > f

337 TSHEHRE—RTOE—RTFTFZHAHIRITDEIA B —L2DFRX
(UPHICRC-82 L, BB~y XA T a VOBE—ISSYA Y, UPLEL)

BEE—F, GCSEB LUV GSE

BBHeader D1E F 2 DWW TIX(6)Z SO Z &, GCS IZOWTIIASA B U — AITHEERTEE L2V e

Vo L—Z P EZ R LRV, GSE IZDOW T, &AID GSE N7y MIFIZT —4 7 4 —/V RIZH

Hxhs,

GCS & GSE O HFIZHWT, E— FiHGz=y MIROEEL —F7 v 2% FETT 5(X 3.3-8 &),

® UPL=0p % ET D, SYNC Zi&ET H, SYNC=0x00~0xB8 [T h 7 > AR —hL A ¥—"7n1 k=
IEBEHIZTRENTE Y BE RN > TRET M ER’H 5, SYNC = 0xBI~O0xFF (L= —
—D7 T A ~_X— |, SYNCDIZFERFEHDTZD TSN TEY | MOERNBRWIRD 0p IZRET D
Z &,

o Xy FOHIBR@A)ZESR)B LT —X 7 4 —)L FD CRC-8 DEHE((5) % 2R IFITH 70,

1 ETSITS 101 162: [T ¥ )b « ©F A JKE(DVB): —EREREHOEID KT, BLOT VXL vF
A Hik(DVB) Y AT L OF — # fii%k = — K(Digital Video Broadcasting (DVB); Allocation of Service
Information (SI) and Data Broadcasting Codes for Digital Video Broadcasting (DVB) systems) |
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= - IR [
WA b Y — & . =
80 B v bk . =
Pt DFL >o
BB ~ v & T—=F 74—l
MATYPE UPL DFL SYNC SYNCD CRC-8‘ MODE
(2 "4 1) 2 "1 1) (2 "4 1) 1 "1 1) (2 54 1) (154 1)

33-8 WEE—F (GSERUGCS) THOE—RTHFFZHIIRITAHAR NI —LDR

EZRE— R, GSE
GSE O R[AE F7-13EERE UP # HEM Tk TX 5, GSE /X7 v hOGEINITHOIL 546, SYNCD

ZEET ANENH S, GSE N7y RSB SR WA,

ARy MET —2 74— RICFH]

S, L7223 -> T SYNCD (FHIZ Op ITRE SN D, L —/3—|% UP ZEHA[HETdH 54y, BBHeader
TOUPLREIFATHO RN, TS & RIEEISSY 7 4 —/L K& 47+ 3 > & L CBBHeader T/t A[RETH 5,

T— FHEAT= Y MIKROEES—7 2 253477 5 (X 3.3-9 25 M),
T —X 74—V FRREYIO UP IZE#ETHANA MY — AR EFHFANCET > a ), 2F0

BBHeader ™ UPL 33 X TN SYNC 7 1 —/L RIZISSY 7 4 —/LV RBFEA SN D,
Xy REIRE L TVUP UL T CRC8 IFEFE ST AL S u,

SYNCD ##tH(T—% 7 14—/ FN&YID UP ORAIDOE v h%F59) L. BBHeader (21T 5,
fEEENA UP I UP BIRICKH ST 5, Z D7 SYNCD 1376 UP ODEFIOE v k&,
UPL IIRFRE SN TRED S,
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. UPL (GSE .-»#m) .
: H E [ ] H#Fﬁﬁ
GSE : i :
up =UP upP uP: up
e————»f - f :
= SYNCD : " =
80 v b . -
v pie DFL >
BB ~ > & FT—X « 74—V FK
MATYPE ISSY DFL ISSY SYNCD CRC-8 MODE
@54 1) (2 MSB) @54 1) (1LSB) @54 1) @ aH)

X 3.3-9 GSEFBRZIRE—FTOE—RT7HFTFEZHANIRITEZA M) —LbDEX
(UPHICRC-82 L, BB~y XA T a VOBE—ISSYA Y, UPLEL)

BRRE— R, GFPS BL U GCS
INHOE— RITERZINZR,

(FEH)
TS 7~ v bRFHRS SYNC A MR L, ZEFHR TORMFROCEHEEZHFAATLZ L TX
D ORI Z XD Z LBATREL 72 D,

3322 A2 RY—LAHEE

A R U—AGEA (X 8.3-3(a)~(c) & S M)XK DMEEEE i 2. 5,

a) AV a— I ()e S )
b) TE R (Kpen €' )P BBFrame Z 52T 2720 DT 1 2 7 ()% B )
0) TRNAF—=FEDT=DD AT T TN ((3) &5 R)

AN —=AWHEETEY 2= ~DASA MU —A2(Z, BBHeader DHZIZT —H 7 4 —)L KRG\ H DT
»HbH, HIIARY —A0T, 3.3-10 |27~ BBFrame T& 5,
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80 v k DFL Kpen-DFL-80
—

A
\4
A
v

BB~y & F—HT 4=V R RF 4T

BB 7L —A (Ko E Y 1)

A

v

B 3.3-10 ABMY—ATHTXHENIRTBBBT7 L—ADEA

(1) Xﬁ‘f/;‘—‘i
LI R— R2 37 F VU TR EERTATED, ATV a—F 37 —F AT AKX —L LT,
KR CQ VAT A TEDT—HATA ZANEDPLP L@ T 5T —Z 2T 202 ET 5,

pili

(Fir)
C2 VAT AOWHEEICETABBRAEARA Y Va—FF V2 — VICEEEAZ LICL Y, 7 L— ARSI
NRINCAT O Z LN AREL I D,

Q) T

Koen 133 3.3-3(a)FB XL OISR SN DFF BALRITIKAFT 5, 22—V —F — & K% BBFrame % 55421
1= DI A543 TG £ 7213 BBFrame PIZIEEE O UP Z2H1Y THLERH 555 . (Koen-DFL-80)H
DE Y FOWT—F 74—/ RZRIGBEIMEN 5, #ER, BBFrame & Kooy £ FOREER & 725,

(FH)
WHT2MVETER SN Ty 7 F5ThHID, FFEO T a v /7 BEEETIHIVNERH Y . Ry
By b0 &RFEDDHZETEDT 0 vV EEFERT D,

B)BB A7 T

BBFrame 327 7 VTN —F VALK 0TI X MMUSNDUEN DD AT T TN— v A
!&£ BBFrame & [AJ#] L MSB 7 HBAAE ST Ky £ MRITK T T2,

A G TN —r AT 8.8311 DT 4 — KRRy 7T RV AXIZE ARSI, FOEH
AT T D@y,

1+X14+X15

BBFrame BHAGHRFIZ WIHE S — 4 o A(100101010000000)% L ¥ A ¥~ — K LEIEABRLET 5,
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LA E >~ RS
1 0 0 1 0O 1 0 1 0 0 0 0 0 o0 o0
112 3 4 | 5 6 7 |8 9 |10 11 |12 13 14\15

e
NP

00000O011....

o<
. PR
BB7V—A@797A7}& )
kS BB 7 L—AaHh
3.3-11 PRBSHF5{L.a8 D ELEEH
(Fir)

TR IEFLREEDE Yy "y —F T ANHEGT DI ZRT D720, (DT v X~ A XFIMET
b, -, FOREIL25-1 BETHHTH D,

333 By My H— U =T ShIAF L L Al

ARIET, BET LRGN L AL ROMAEDOEIL, 3.22 DK 3.2-1 ICRHMONEICIRET S

3.3.3.1 FEC#& =1t

ZOYT AT ML, AMFEIBBCH), NF={E(LDPC), BLOE Yy A v ¥ — VU —T %2775,

4% BBFrame (Koon £ ML FEC f55{bH 7 v 27 AZ L W LB E 41, FECFrame (Nigpe B MM ERK
S5 ¥ 3.3-12 1R ¥ & 52 ARV BCH M 5 DX U 7 ¢ F = v 7 ¥y M(BCHFEC)7* BBFrame
D%ITBINE 4, LDPC N5 kgD /XY 7 4 F = v 7 £ M(LDPCFEC)%* BCHFEC 7 4 —/L RD#%IZ
BNEShs,

Npeh= Kigpe
Ky Noch-Kich NidpeKidpe
< re——— r——»
e BCHFEC LDPCFEC
< (Nidpc £ 1) R

K 3312 By =) —TRIOT—FFER
(% FECFramel§N, g, = 64 800"y b, JEAREFECFrameff, Nigy, = 16 200E )
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# 33-3(d) HHILNTA—F(BERHFECT L'— A Ny, = 64800 )

LDPC BCH BCHES 72 Y7 Ny, BCH NpehKbeh LDPCHETr vy 7
vz @7 ay s | LDPCE#T 7Y 7Ky, T5—3TE Nigpe
ARz Kbeh By Mt
2/3 43 040 43 200 10 160 64 800
3/4 48 408 48 600 12 192 64 800
4/5 51 648 51 840 12 192 64 800
5/6 53 840 54 000 10 160 64 800
9/10 58 192 58 320 8 128 64 800
& 33-3(b) HHALST A —F (HEMFECT L'—A Nijgpc=16200 FF)
LDPC BCH BCHE S 7 Y7 Ny, BCH NpechKpeh | FEZILDPC LDPC# %
w"E @7 rys |LDPCEHBT v 7Ky, | =7 —FTE e Tavs
BT Kbeh vy MLt Kigpe / Nidpe Nidpc
1/2 7032 7 200 12 168 4/9 16 200
(=& )
2/3 10 632 10 800 12 168 2/3 16 200
3/4 11712 11 880 12 168 11/15 16 200
4/5 12 432 12 600 12 168 7/9 16 200
5/6 13152 13320 12 168 37/45 16 200
8/9 14 232 14 400 12 168 8/9 16 200

H o ZOMFSERILTY 7T ) o IR T THY, EROT —ZORFS{LRE R D,

(1) BCH ##1k

t- 7 —FT1E BCH (Wpeh Koat) I 5 %45 BBFrame ([Zi# ] L =7 —fRi# S N7/ 7 v M E AT D0 Nigpe
= 64,800 O BCH 775D /387 A — 4 %3 3.3-3()lZ. Nigpe = 16,200 D/3T A — X %3 3.3-3(b)IZRT

t =7 —FTIE BCH fF 5 b DAL go)lL. Ngpe = 64,800 DA XK 3.3-4(a). Mape = 16,200 D5
AlIFE 3.3-4 (D)IZH DA D tHDOZHNARE L THLND,
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& 3.3-4(a) BCH LI (B¥ FEC 7 L'—A Njgpc = 64 800)

9:(%) 14+x24+x3+x5+x16

9,(x) L+x+x4+x5+x0+x8+x16

9300 | 14x2+x3+xA xS xT+xB+x9+x10+x111x16

9400 | 14x2+xHxB4x94x114x121 5144516

O5() | 14x+x2+x3+x5+x8+x9+x104x114x121 416

gG(X) 1+X2+X4+X5+X7+X8+X9+X10+X12+X13+X14+X15+X16

g7(X) 1+X2+X5+X6+X8+X9+X10+X11+X13+X15+X16

05(¥)  |1+x+x2+xO+xB+x8+x+x12+x 134414416

99X |14+x5+x7+x9+x104x114x16

910(%) | 14x+x24x54x7+x8+x104x124x 1345144516

91100 [14x2+x3+x5+x94x1L4x124x 134516

910(%)  |L4x+xS+xE+x7+x9+x1L+x124x16

% 33-4(b) BCH IR (%H#fi FEC 7 L —2 Nigpc = 16 200)

9;() Lx+x3+x0+x14

9,(X) 1+x8+x8+x114x14

93(X) 1+x+x2+x8+x9+x104x14

94() L+xAx T +x84+x104x124 514

g5(%) 132433 +x0+x8+x9+x1 14131414
ge() 1+x3+x T +x8B+x9+x13+x14

g-(x) 14x24+x5+x8+xT+x104x114 413414
9g(X) 1455+ x84+x9+x104x114 514

ggo(X) 1+x+x2+x3+x9+x104x14

910(¥) 1453 +x0+x94+x1L4x124 514

01100 | Lrxdexllexl2eyld

91,(¥) 14X X2 4+x3+x04+xB4+x T +x8+x104x134x14

’%?& =% k M=(mech 'l’mech _2, My, 71’1())75‘[5/\D ) T4 B N BCHFEC Vi?k@:l: 5 L:’?Ef Eﬂéo

Ayt —UZHEA mx) = my, o1 x0T+ mye, oxKbeh™2 x4+ my % xNbehTKben THREL 2
xNoeh=Koehp (x) % ERRZIHA g(x) THRIA LIZREORIR LA L dx)=dy,, —kp 41X 0D Koch ™I+ +djx
+dy & LTet, TOREOE > I3 BCHFEC & 725,

(¥R )
LDPC fF 513 ¥ / Y IRFUTA D mMEREZFE 5 — 7 InikE A2 H I TH = T —MER L2 b=
T—7nu7 LHEN B RO AL TS, BCHFS&AFTLE L THAD Z &ICk

D, =7 =77 OB THZ ENRHEERD,
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(2) LDPC #F =1k,
LDPC 7 51b&3 BCH F 5L D ) 1= (i, g, iy g 1) & A R Kige = Noew DIEH 7 7 7 & LTHR
WV A X Nige DIFBE A LIS 36T 5, 22T

A= (A9, AZ:---slNldpc_J = (i0>i1=---:ikldpc—p Po, Pl,PNldpc—Kldpc—ﬂ
LDPC 55737 A —4 (Nigpe » Kigpe )&+ 7% 3.3-3(2)F L (b)IZR T,

® LDPC %51k
TS AL T Kape OB E Y P (lgs it lgpe=1) 72 D Niape Kigpe 18 DX 7 4 & v b
(Do, P s ledpc_Kldpc_l)’E’U\T@Eﬁmﬁf“ﬁ%ﬁﬁ_’5o
> Do = P1 = P2 =T Puigpe—Kigpe-1 = 0 (CHIIET D,
> BT AHEA LT v AR IATRIEESNTWDA VT v A ka0 7 4 By
MCRPIOEHE v b i) 2MET 2, (BT~ COMEOIRHAHRER), /o, A>T v 7
A% Qupd VP U i 2 NHET 25, 22 THX 1L E 360 RiOEETH D,
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#£ 3312 F—F « BT B IEFLEES

EF EHAL
Zq

QPSK fy :E
Z’]

16QAM fq = m
Zq

64QAM fq = \/E
Zq

256QAM fq = m
4

1024QAM fo= @
4

4096QAM /= 27"30

(F)

X0 R IR A EIRT 572012, 1024QAM R 4096QAM DR Bk T A AT 2B A L=, £7-.
16QAM 75 4096QAM &\ 9 AR H A B35 Z LI K VAREFTE CN LD L o U AFL 72
LD LR BEEREIZN U772 ON @EIRNAReE L 72 5,

334 T =B AT A AN DR

3.3.4.1 TR ATAALA TIDT —H AT A ANy b

2 AT 1 DT —H AT A ADSLICE TYPE=0)TIRIESNDHT —H AT A A7 MME, 120 LDPC
R REI & £ D [Nigpe/Mmon | = Nop DBV g IC K DB S 2,

BATNDF—=BAFGAADY TV ZZT VT TN, ThbblA¥—1 - 8=k 2 T{Th
Nd, T=HATAALAT 1 TiE, 7L—LZT LIZEREFEXT A —F PBEET IPLP OBk
AEETH D,

(FiLH)

TL—LHNDONT A =Z BB EHIRT D Z LI K VB 7T T niE el X BRI
FHAREL 2D,
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3342

FeBRAGARAEA T2DT —

HZAT A ANT b

T—BATAALAT 2 DT —HATA Ay MME, 1 DF721F 2 0 FECFrame O R{IZIBIND
FECFrame ~ v ¥ — &5k 3%, Z O~y X —[XKD XFECFrame @ PLP ID, 75k & EFHD/ T A —
4. 3B L O XFECFrame ¥ #@HI 95, ZILHDT —F AT A A7y O % 3.3-18 12/~ 7,

Fe B ARG RIA T 2T —H AT A A |

A
r N\
32 A (QPSK)  XFECFrame: AT DR
16 ¥~ (16QAM) 900 ... 16200 QAM =1 XFECFrame
A A A
r Y g N\
FEC 7 L — 4 XFECFrame — QAM <& s XFECFrame — QAM c&@ sz
~y & LDPC /<4 v LDPC <4 v
IQPSK/16-QAMI
I P2ty I\I
TEHHET—2~D
I BIES A1~ T4 I
I 32ty }*l
| RM(32,16) |
I Ty a— R =~ -~
—
— -~
~—~
T —
I 16 £ k ~ -
—
~
] ] ] ] ] ] ] ] ] ] ]
0 [ T T T T I R B | [
(MSB)l 2:3:4:5:6:7:8:9:10:11:12 13 14:(LSB)
| | o | i | Jd % JT i | i | o _ll_.
A4 Y
PLP_ID PLP_MOD PLP_COD

PLP_FEC TYPE

HEADER_COUNTER

3.3-18 FEC7Z L— A~y ¥ L ZNIKEK XFECFrame/Xr v R bR AT —F AT A AN b

(1) FECFrame ~» X —DO Y 7} ) v F5—X4
FECFrame ~ % —® 16 HOIHFHE v MIRD L I IZERIN D, FHIZMSB BRI~ v 7 I d,

PLP_ID@B By F):C2 AT LANTPLP & —EIZiknl+ 5,

PLP_FEC_TYPE(1 ¥ F):¥%k® FECFrame ®% A XZHHT 5(0=16,200 £~ ;. 1=64,800 £ b),

PLP_MOD@B E' > b): £ 3.3- 13 IZEWVEH &5 QAM ~ v B 7 &R T,
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# 3.3-13 QAM< v v ZiZxd 5 PLP_MODE

PLP_MOD QAMXY Y E> Y
000 FHIBE H
001 16QAM
010 640QAM
011 256Q0AM
100 1024QAM
101 4096QAM
110 ~ 111 TREAD BT

PLP_COD@3 ¥'w F): # 3.3-14 |2\ FECFrame @ LDPC fF 5 b2 % 7R~7,

#* 3.3-14 R bEIz*9 HPLP_CODIE

PLP CODf{# e

000 F 4955 &

001 2/3

010 3/4

011 4/5

100 5/6

101 8/9 (16K LDPC)

9/10 (64K LDPC)

110 ~ 111 R AD BT

HEADER_COUNTER(1 ¥ > F): FECFrame O % #5194 %, 0] X FECFrame 7% 1 D727 CHhH Z L %
<9, 1] IZ FECFrame 7% 2 ->°C, {5 ® FECFrame ¢® PLP_ID, PLP_FEC _TYPE, PLP_MOD, PLP_COD
MBEILTHDHZ &R,

(Fir)
PLPID. FECFrame D& &, 3B gD /8T XA — 2% FECFrame DG ICVNBEAR A RIZ/NT A —H %
FECFrame DZEFHICHE L Z 212XV . ZERMAITIEE OFH A2 HL0 253 L FECFrame D2 {2 ALER %
DD Z ENAREL 72 D,

(2) FECFrame ~ v % Of5 51k

FECFrame ~> ¥ 7 —# 16 £ NMIHKHNZ U — K+ ~F7—32,16)F5{b3nd, W2, 2y FD Y
— R I —FEHETILET 277 0FInEIN, T 770 FORFGEFENTHA 27U v 77 MR
PN Y= ALV R Z T a5, D%, QPSK £l (FiiftE FECFrame) %7213 16QAM 4
T (E%h3 FECFrame)lZ~ » 7 S5,
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7-%. FECFrame ~v Z O 5 LIZE L7-HF 5 ThH L ER D, FEEEZT A7V v 727 b LYK
T 52 & TR X A N— T 4 215562 LI L D =T —MEE 58k L T\ 5,

(3) QAM ZFi~D~ v ¥ 7
E7IroFoREy e, F7I70FD32Ey ME, 2FED QAM Lifi~~ v 7 &N 5,

® Hififth FECFrame ~v %

i FECFrame -~ > #133.3.3.2(3) ICEZSN TS QPSK /] L TER SN 32 HoEES L
B3N D, 2O~ v /= AENME, ROXIIZERSND,

[voi» yii] = [AAM vfY] i=0,1,.31
® =50 FECFrame ~v %

%)% FECFrame ~ 413 3332()ICE# SN T 5 16QAM I L TEM SN, 16 OB LKL v
A3 BNS, 16D~ v = AHEME, KO LD ICERSH S,

_ [4RM ;RM _RM . RM _
Vo Y100 Vo, Vai 1 = [A50 A5i41, Vars Vatea i=0,1,...,15

(BH)

EHE « RO 2 B — FEBRKEE LTHET 2 2 Lick v, FAEO=—X2abE i@ 23 e
ke d,

335 LAY —13— R2v T U v T OAR, fFe{b, £

=L

3.3.5.1 W

C2 7L —LDfE#X 3.3-20 12T, L1 7 F U 7/3—h 21&, OFDM /N7 A—Z|ZMxTT
—H AT A A, PLP, BL/ v F N RIZOWTHET LT _RCOFEREEET D,
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C271L—A

R[]

VT T . . R
IRV T—H « RV

L7 F Y7 "=k 2

L1owvvs - ~Fovr LLAF40 7

X 3.3-20 L1%— k27U o DR

3.3.5.2 FIUT T~y &

B 3.3-21 IZRT LI, BTV T TNy A LD Ll KHA 22— =771y 7 O,
320FDM E A5 T Y TV T sy BEFAT D, 150 C2 7 L—ARIZBNTTRTO~Ny ¥
IXF—Thd, TVT TN~ AIE,. LIX—F20EEELI 7Ty 7 OEEA v 22— — 7 F—
RERRT D, TVT T~y LZEEND 16 HOHHRE Y MIY—F - v 7 —@GLIHFFIC LY
FFEAL S QPSK ICEM S,

32 OFDM & /1 LA v 2=V —T7 T a v JiE
N A
-

FIVT T TVT TN~y &
L] .
. .
. .

FVT T NL1_Ti_pePTH TVT TN~y &

=

QPSK

32ty R

=

FTEET—E~D
BES AN—2T4

2ty k

=

|— —————— — — — — —

RM(32,16

H
N
u
|
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/
/

16ty -

L1_INFO_SIZE (14 &+ ) L1 TI_MODE (2 =+ 1)

X 3321 FUT VTN~ TOEREBERRT £+ —/V
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L1_INFO_SIZE(14 By b): L1 /S— F 2 ¥ A ZDN¥03 %R T 0 Kiipare ex pad PIEITNY T 4 DR 32 &
L1 INFO SIZE x2 L ZME L TRD B D,

L1 TI_MODEQR B v b): BIfE®D C2 7L —LAD L1 73— L 2 OWFflA v % — VU —7 % — RN&mRd, WFH
A H =V —=7F— &, £ 3.316t> THIMIND,

# 3.3-16 L1 TI MODEY 4 —/\ RDEH

L1_TI_MODE E—-RMAVE-V—-TE)
00 A8—1)—7&L
01 &®i#
10 4 OFDM >Rl
11 8 OFDM >R/l

(FEH)
TVT TNy FFEHICIT LY 7 ) 78— b 2 OZFITBBEREFERPEMN SN D, ZEHKIT
TVT T NDEHICH D~y FOERE ETHRL, URICH< L1 ~N— k 25 5OZEHIE~DHE
fHAFREL 72D, T U T TNy X ORFHRIAFITRIT 5 L LIEOEIEZ D 5 Z & N RN 2,
U=FK =7 = LEit, £embz 7 =Moo H 5 QPSK LA TEET 5,

3.3.53 LIV 7)o = 25T —X%

LIS 7 F Vo TR—=R2DF—HITHONWT, 74—V ROFEMREAER2E 3.83-17T 1257”7,
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£ 3317 LI¥TF VT R—R20T—F 7 4—)VF

Z4—J)R HA4X(EY )
NETWORK_ID 16
C2_SYSTEM_ID 16
START_FREQUENCY 24
C2_BANDWIDTH 16
GUARD_INTERVAL 2
C2_FRAME_LENGTH 10
L1_PART2_CHANGE_COUNTER 8
NUM_DSLICE 8
NUM_NOTCH 4
for i=0..NUM_DSLICE-1 {
DSLICE_ID 8
DSLICE_TUNE_POS 14 or 13
DSLICE_OFFSET_LEFT 9or8
DSLICE_OFFSET_RIGHT 9or8
DSLICE_TI_DEPTH 2
DSLICE_TYPE 1
if DSLICE_TYPE=="1"{
FEC_HEADER_TYPE 1
}
DSLICE_CONST_CONF 1
DSLICE_LEFT_NOTCH 1
DSLICE_NUM_PLP 8
for i=0..DSLICE_NUM_PLP-1 {
PLP_ID 8
PLP_BUNDLED 1
PLP_TYPE 2
PLP_PAYLOAD_TYPE 5
if PLP_TYPE=="00" or '01' {
PLP_GROUP_ID 8
}
if DSLICE_TYPE=="0"{
PLP_START 14
PLP_FEC_TYPE 1
PLP_MOD 3
PLP_COD 3
}
PSI/SI_REPROCESSING 1
if PSI/SI_REPROCESSING=="0" {
transport_stream_id 16
original_network_id 16
}
RESERVED_1 8
}
RESERVED_2 8
}
for i=0..NUM_NOTCH-1 {
NOTCH_START 14 or 13
NOTCH_WIDTH 9or8
RESERVED_3 8
}
RESERVED_TONE 1
EMERGENCY_INDICATOR* 1
RESERVED_4 15
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7¥#) EMERGENCY_INDIDATOR I ITU-T J.382 |[ZiB N S 7= HrHRRSRE & 72 %,

NETWORK_ID(16 £ b): BIfEO R v NV —27 Z—EIZ#HBIT 5,

C2_SYSTEM_ID(16 E'> b): F v hT—Z7 WD C2 v AT L& —FIZHBIT 5,

START _FREQUENCY(24 £y b): HAED C2 ¥ AT LADOBEE I A, 0 Hz /b ORFEEE L TRL,
BED C2 VAT LDOXx v U 7 HROFEHSE & LT unsigned int DfE% & 5,

C2_BANDWIDTH(16 > }): BIfED C2 v AT ADOHAEIEZ R~ T,

GUARD_INTERVAL(2 ' }): & 3.3-18 IZf¢\W, BIfED C2 7 L— LD — RA ¥ =L ERT,

# 3318 H—FA L HF—1NNT 4 —)VFDESHR

GUARD INTERVAL H—FA v Z— VIR
00 1/128
01 1/64
10 ~ 11 FRHEHDBICFH

C2_ FRAME_LENGTH(I0 By }): Q2 7L —AZLDF =3 VRN (Lawa) 2R T K RF 2 A b
[ZHE D C2 A7 ATk C2 FRAME _LENGTH = 0x1C0 (10 #£3D 448)D AR FF SN D,
L1_PART2_CHANGE_COUNTER(8 B’y I): #E N E LT 25T DORNZH D C2 7 L — L0 Z T,
NUM _DSLICE@ By k) BED C2 7 L— LN TME SN DT —F 2T 4 2K ERT,
NUM_NOTCH@ E' v b): / v F R & RT,

UTD7 4 =N RiE, 7—FAT7A4 AN—FIZHET 5,

DSLICE_IDB B F): C2 VAT ANTT —HX AT A A% —EICHANT 5,
DSLICE_TUNE POS(13 £ 7% 14 ¥ v F):T —H AT A ADTF a—=V T [i&%
START FREQUENCY & OAH%HE & L TRd,

® DSLICE OFFSET_LEFT(8 ¥£7213 9 ¥y b): B#T 57 — X A7 A4 AOMMGMNELZ T 2—=7
PrEDAE~OHREE L L TRT,

® DSLICE OFFSET RIGHT(8 %719y b): BT 57 — X A7 A4 ADK T EEZT 2a—=7
frENDAE~OREREE L L TRT,

® DSLICE_TI_DEPTH(Q By F): & 38.3-19 12tV BT 57 —X AT 4 ANTORHA & — Y
— 7 DRI ZRT,

# 33-19 WAV 4 — Y —T DRSS T 4 —V FOER

DSLICE TI DEPTH Rl A v #— U —T DHEX
00 AvE—)—TL
01 4 OFDM v 7R )L
10 8 OFDM3 > 7R /b
11 16 OFDM< > /L

® DSLICE_TYPE(L Ev k): # 3.3-20 ICtWVES 57— 2 25 A ZAD XA T %57,
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# 3320 T—HFATAREAT T 4 —)VRDEEH

DSLICE_TYPE T—BAGAREAS
0 T—HRAFGARZAT]
1 T—HBAFGAAEA T2

WD 7 4—)L RIZDSLICE TYPE 28 1] @& & DA HEHT 5,
® FEC HEADER TYPE(l E» F): % 3.3-21 [ZfEVy, BI# T %5 — % 25 A AN FECFrame ~~
DX A T HmRmd,

+* 3321 FEC7LV—AA~AYHFEZA T T 4—)VRDOESHE

FEC_HEADER TYPE FECT7 L—AbA~y ZHEATS
0 EmEE—R
1 BMERE—NR

® DSLICE_CONST_CONF(1 By R): BhE# T 5T —H AT A ADORERI FIENEENE RS, ZD7
4=V RME 1) IZRESNTWDEEHET 27 —F 274 ZAOWMITEL L2V, £ 95 TR
WS T0] IZRESND,

® DSLICE_LEFT_NOTCH(1 By R): Bh#E$T 257 —% 7 4 — /L ROLEIZEHET S ) v F 30 ROLF
TEZmRT, BET 27 =X A7 A4 AOBGMNEIZHEET 2 7 v F A RBFEET D56, 207 4
—VRIE T ITRESND, £ TRWEE (0] ITREIND,

® DSLICE_ NUM_PLP@B Ew N): BlE#T 5T —X AT A4 ANTHREI LD PLP i ERT,

UFD7 4 —v Rik, PLP V—7IZHBLT %,
PLP_ID@ Ew F): C2 25 LAWNT PLP 2537 %,
PLP_BUNDLED(1 E'w N): BIfED C2 A7 ANT, BH#F 5 PLP 23Mttidd PLP &N R &Eivd
ME I DERT, BT D PLP 233 RLEShbya, 207 4=V Rk 1) IZRESND, £
I TRWEGE [0) ICREIND,
® PLP TYPEQR Ey b): BHET 2 PLP DX A T &iRT,

# 3.3-22PLP TYPE” 1 —/L FDEFH

PLP TYPE PLPDO X A S
00 3L@PLP
01 7 N—7{t T — HPLP
10 T —HPLP
11 TR D 22T 5

® PLP_PAYLOAD_TYPE(S E'y b): B#T % PLP IC X Vs s oA n— RTF =X DX A %R
‘a—o
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# 3.3-23 PLP PAYLOAD TYPE” ¢ —/L RDE

PLP PAYLOAD TYPE R —FDEA T
00000 GFPS
00001 GCS
00010 GSE
00011 TS
00100 ~ 11111 FREAOBIZFH

WD 7 4—/L RiL, PLP_TYPE 2 [00] F£721% [01] O& EZDHHIT S,

® PLP_GROUP_ID(8 Ew b): BfED PLP 28, C2 ¥ A7 AWNTED PLP 7 /b— 7 |ZBEAF T 53T
WD EERAIT D,

UTFTDO7 4=V R, T—HATAAZALT I IMEHINTWD EEORHET D,
® PLP _START(14 ¥ v b): B3 % PLP O flD5E4 72 XFECframe DBHIANIE %, BED C2 7 L
— LNT/RT,
PLP_FEC_TYPE(1 £ v b): Bi# 4% PLP Tl &5 FEC ¥ A 7' %7,
PLP_MOD@ &' K): B % PLP THEH SN D2 EM A ~T,

# 3.3-24 PLP_ MOD& U'PLP_FEC TYPE” 4 —/L RO EF

PLP_FEC _TYPE | PLP_MOD |PLP FECZ A7 Z5 XFECFrameD K&

000 F#5E & NA
001 16QAM 4 050
010 64QAM 2700
011 256QAM 2 025

0 100 16K LDPC 1024QAM 1620
101 4096QAM 1350
110 FHIE K 1158
111 FHIE K 1013
000 F#355 & 900
001 16QAM 16 200
010 64QAM 10 800
011 256QAM 8 100

1 100 64K LDPC 1024QAM 6 480
101 4096QAM 5 400
110 F#IE 4629
111 F#IE & 4 050

® PLP_CODQB E vy h): B#§ % PLP T SN2 5 bRz RmT,
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# 3325 HFELERI 4 —NVKDESE

PLP COD B
000 IREADBICFH
001 2/3
010 3/4
011 4/5
100 5/6
101 8/9 (16K LDPC)
9/10 (64K LDPC)
110 ~ 111 FREADKBIZFH

PSI/SI_REPROCESSING(1 B ): PSUSI FHLEINEITINDNE D ERd, O, ZIE#
(2 CHLEE 7S PSI/ST /X — MIKRAET D00 E D a5 72 OIEH S 415, PSUSI LB I T S
NHGEZDT7 4 — /L RiX 1) 12, 29 TRWEAIE 10) ITREIND,

LLF® 7 4 —/ RiZ, PSI/SI_REPROCESSING 7% (0] @& & DA BT 5,

transport_stream_id(16 £ R): BE T AT ANTI DTS 2O ZEALD LIHIT D720 D T~ 1
& LTHERET %,

original_network_id(16 ¥ > I): JCIZ72 HEE > AT A D network_id ZFEBIT 570D 7~ L &
Do

RESERVED_1(8 E'w b): fEREH DO RIS TN D,

RESERVED_2(8 E'w b): fEREH DO TR STV D,

LFD3 74—V it/ v FL—TFICHEHT 5,

NOTCH_START(13 £72iX 14 ¥ > R): BH#T 25 / v F /3 ROBALEALE % . START FREQUENCY
& OFE%HE & LT unsigned int TR,

NOTCH_WIDTH@B £721%9 v b): Bi#Ed %/ v F /3 ROIE %, unsigned int & L T/RT,
RESERVED_3(8 E'w I): fEREH DO TR STV D,

RESERVED_TONE(1 E'v b): —#O X+ U 7R FRENTWENE I nERT, BED C2 71
—LARNIZTRIF Y U TRFEET %G, 2Oy ME M IZRESND, £ TRWEE, 10)
ICRESND,

EMERGENCY_INDICATOR(1 ¥ v b): BRAERIEROAEZ RS, BEEHIES I THO T D54,
ZoEy M 1] ICRESND, €9 TRV, [0] IRESND, M, ABEREIT ITU-T J.382
BT EDOKETH 5,

RESERVED_4(15 £y b): FEREHD =D TS T 5,

(Fh)
SASICLBE R AR RT A =2 % L1 75U 78—k 2 EAICkM L. 2 5T = O fE O MR %
THZLETRA— KT =X DZE~DEENAIREE 72D, Fio, 7L —AT L, PLP Z L IAEX
N BNT A= LN E DT — A BEEEETHENARELE 72> TV, LEKIKRDO 7
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EEIEERE R A (T 548 PLP @ BBFrame WORLE 2% 3.2-40 (12777,

(L)

3@ PLP 21535 2 & T, dH 5 PLP © KD PLP #%{5 L TWAGAIZ b E /L
Bl L7es b Y MRE EWRIE M A IG5 Z L WTREL 72 5,
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# 3.3-38 common PLPMER 3 B/37 XA —#

IRTA—H il
27K 16QAM
LDPC 7 5 & 16200bit
LDPC 751k 4/5
BBFrame 12432bit

# 3.3-39 BBFrameNOBELE

VBT A =
BBHeader 80 BBFrame @
Emergency_information | 204 Header
RESERVED 12148 MR ENE S
TR BRI
33.10 ZH#HAb

1) V= RZLEOEARFLKX

BT VU FNVBORTTROBATBISRME L F— & 2,
Q) F—=2r7n—7

BT VA NVBOR T ROBATBISRME L F— & 2,
(3) AmE 7w b

BT VU F VBRI ROBATBSRME L F— & 2,

772U, TLV "7y b TEESNTHEIZIE TLV X7 v b526 GSE X7 kD2
ZATo7z BT, GSE ~"7r v MRk T %, 3.3-41 [T I AR, £z, TLV O
A=Y A RZL->T, T2 GSEDX A TEHEZLHZ LT D, £ 3.3-40 IT TLV
DA m— A XL GSEtype DR AR,

(Frh)

TLV 7 —4#FlZ16 By hTHESIND, GSE DT —4#RlX 128y hTHDH7=0,
TLV OF —X EDIE 9 BEWIRINBESIND, TD=d, TIV X7 v % GSE /37 v
MO EREREEZ W TRET D ENTE D, 20L&, Ny MEINL T e harvk

91



A T ~OEHAEINATH Z L2 L0 TV N v F O MBI A GSE 7 v |k Tinik
TOHLIENHREE R D,

4B
TLV .| o1 FRFH Iy R FE R TR
~F N S Z°FokE(I~  GSER, GSEZRE~
< L/\Ahk 28k ——
mara T
f 8147
1 0x01 (IPv4/S4r k) 0x0800
: 0x02 (IPv6/34vhk) 0x86DD
: 0x03 (A EMELI=IP/Sruk)  Ox22F2
1 OXFE(fE& SIS B/ {4 k) 0x0087
OXFF (RJL/34 k) -(BETE)
1\ ot RER
i
BEE—R !
‘510,1 :
v
GSE e
o =l z& 5 1D GSE#
<—12bits —>
2B 1B 2B 2B

X 3.3-41 TLV/XZry bBGSERYT v hA~DEH

# 3.3-40 TLVDXA v— F¥A X & GSEtypeD Bif%

TLV ®O~A m— KA X | GSEtype
1800 /XA FLATF GSE-Lite
4093 /XA NLLF GSE(4r#l72 L)
4094 /XA hLLE GSE(ZEH V)

(4) (BREHIE, BABNIEREIIHET DX NVREFRHETL L0 LT 5,

72k AmkHlE <t 9% NIT(Network information table) D% 2 /L — 7 Tt 4 5 50
iR ¥(descriptor) & L T C2_delivery_system_descriptor & & 5,
FLIR 1% 7 (descriptor_tag) DEI D X T, 7 — X LK T — X & IX, T hE 3.3-41,
3.3-42, F 3.3-42 - TH D,
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# 3.3-41 descriptor—&

RLIR & 7 FYYT
(descriptor_tag)
0x00~0xXX @ET X NEHTREF—, )
0xXX C2_delivery_system_descriptor
0xXX~0xFF WRET V2 NEH R ER—, )
#ByYRL
cutt Ffc it FE2 it A PLP '/ #A—F | bundled | Reserved Data | Tune | Tune |#% 5| Z |MH S| Reserved
29 | & |27 | ID |[LodmbgEpA2—210Y channel For Slice | Freq | Freq For
i3k Future use 1D Type Future use
8 8 8 8 3 3 8 2 8 32 2 4 8 4 6
Rl Tune Freq type[;&ﬁuk_J
Fa—IU T EENE
000 : 448us Hz& (1 Ti5F
001 : 597.33us -
O UF T 00 : Data Slicex {59 278D P L EREH
01: C2 systemd 0 & 5t
000:1/128 10 L1# 421751, Data Sliceh*
001 : 1/64 L% B s A0 B <P R IR B
O IF—T FO =T —
0000 : #E# ]
0001 : AT =7IL
0010 : RS(204,188)

001 BES—JILFIO2ILHEFRLIESEE)
FMih: -7

0x00: FF#E

0x01: 16QAM 0x04 : 128QAM

0x02 : 32QAM 0x05 : 2560AM

0x03 : 64QAM 0x07 : 1024QAM

0x80: BET —TIUF IR HERARLIESER)
FOM:IHF—T

0000 RES 0011 . FFS1LE3/M4

0001 : F&ikL=E1/2 0100 : 1 F5{L%E5/6

0010 F=(EFE23 0101 . ST/

1000 : ISDB-S 5 . (TMCCE S &8

1001 BET—TILF 2L MEFRLIESSE)
M1 AFSEL

TO -7 -

X 3.3-42 T —HZHER
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#3342 F—yHiE
RN IR Evb#r | HE
C2_delivery_system_descriptor(){
descriptor_tag 8 0xXX
descriptor_length 8 -
descriptor_tag_extension 8 -
plp_id 8 -
active_OFDM_symbol_duration 3 000 : 448us
001 : 597.33us
O -7
guard_interval 3 000: 1/128
001: 1/64
TOfth: U —J
bundled_channel 8 -
reserved_for_future_use 2 OX3(FTEE)
for(i=0; i< N; ++i){
data_slice_id 8 -
C2_tuning_frequency 32 Tune Freq typel D o Fa——4 BIRHEHZEUTIEE
00 : Data SlicezZ{E ¥ 7= HD P AIEE
C2_tuning_frequency_type 2 01: C2 systemd [ EEE
10: Li%#%+730 Data Slicent
L1z E3</- b MEAP L B E
T V-7
outer_code 4 0000 : FTEE
0001 : #FFE74EL
0010 : RS(204,188)
0011 : BET—TUTUALHERR(LLESEER)
FOA: U —TF
modulation g 0x00 : REHE
0x01 : 16QAM 0x04 : 128QAM
0x02 : 32QAM 0x05: 256QAM
0x03 : 64QAM 0x07 : 1024QAM
0x80 : BEST —J LT UL MEAT(LLIESEE)
Zofh: UV —J
inner_code 4 0000 : FEHE 0011 : FF5{EE3/4
0001 : FFS4t=F1/2 0100 : F=S1t=E5/6
0010 : FF8{k3E2/3 0101 : FH{EZET /B
1000 : ISDB-SAT(TMCCIESEER)
1001 : BES—7 L7 2L AR (LIESEER)
1111 : AFS4EL
DM U —T
reserved_for_future_use 6 -

by
b

(BZHIE 5IBT 20+

WET VI NBOET OB L F— LT 5,
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33.11 &M

LT TERINTND FFra Ay ML 33Hi0RE05I T Th 2,

[1] ETSI EN 302 769: [ ¥ # VBT A Jik(DVB): 77— 7 )L A7 AT O 2 Ak
TV HNMRIE T AT A(DVB-C2)D 7 L — L, T ¥ XL O/ 5 b L OVEFR (Digital
Video Broadcasting (DVB); Frame structure channel coding and modulation for a second generation

digital transmission system for cable systems (DVB-C2)) |

Flo, UFTERENTND R¥a Ay NI, 33HOHODSEL D,

[2] ETSITS 101 162: [F %)L -« B 7 A HE(DVB): —EAEHRESHOEI D 2T,
BIOTFTYZNL « BEF 4 H%EDVB) Y AT LAH O T — % Jkik 22— K (Digital Video
Broadcasting (DVB); Allocation of Service Information (SI) and Data Broadcasting Codes for
Digital Video Broadcasting (DVB) systems) |

33.12 HEOERHE

Lk izBWNTC, LFTOHEE EREZHEHLTWS,

(O8]
(O8]
2
ally

S i ]

® P BB/ Y 2 1 2 N

0xkk kk) OFZIE 16 HEEL L RIRI D,

TIT 4TV L1 Y7 F Vo TERIIPLP DI AX L—3 3 ViRA b
Z k%4 % OFDM &L

7 — Z ORI TREROERL L O/ bzt T28r0v

— VAT, T —HATAADARE T 47 LT, £~
XTF —H AT A ARy NOAE v T 4078 LTS

IO RREMEN & D,

BBFrame EF—FBLORA N —LA#EEZRDOANGEEZOT7 +—~ > b

BBHeader NR—=ANY RT—=H T £ —)L RKORID~y X

BUFS BRELEE ZMET 570 L o — = CBER Ry 7 7 D
KA X

BUFSTAT Ly — Ny 77 DEBEO AT —HF A

C27L—2A FEEDOWIL A ¥ TDM 7 L— LT, FEHEOY A ZDF—#
ATARTEBITHEIEND,

C2 VAT A BEINDL D C2 EETHIETHTIT T AD
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Ll-part2 7 1 > 7 Tk &5,

i@ PLP FRI72 PLP C 5D PLP(h T AR — M A MU — L) &
WIEHEINAT—E2BEEND,
— XL A ay FEEIE = TRELONTIRTE R OFDM
v
7 —% PLP A v— R 7 —% % Hik$ 5 PLP
— S AT A A FE DRI DOV 73 RT 1 2L LD PLP #6553 %,

OFDM t /D 7 —7

TR AT A AN

B384 % FECFrame ~ v % %G 1¢, XFECFrame

F— BRIV

C2Q 7L —2HND, FUT TNy RIS D OFDM
AN

div BHERE T, ROXIITEHRSND,
xdivy = EJ

B3I =)L SEl T v F DMMEEWRET D OFDM /L C L1 &7 F U v 7|
PLP, BLOHBT —XIC X A SRV, D OF&E
WO LHT-DEHIND,

FEA I F X U HNDT AL =IUKET HHIR T, C2 Y AT LD
oMM A EHRT HOIHEH SN,

FECFrame 1 [51> LDPC 75 5L ECHBES 11D Nippe (16,200 F721%
64,800) & > ~ DAL
HE: B—OPLP 2k T 567 — X AT A4 AT, ~EDLEH
B IO 523 H & 5854, FECFrame -~ v & & L
A% 1 /83— K 2 THETE, 7—F AT ATy ME
XFECFrame & [Al—I272 %,

FFT A X C2 L' — D FFT DAY A XL 4K TH 5,

Im(x) x D FEEES

LA ¥ 1(L1) CQ EHFHROEH DO VA YHMWEL A Y XT A—=FDIF
)

Ll 7wy Ll-part2 COFDM &LV OFLT, JHEE R AA NTHA 27 )
v 7Y IS D,

L1-partl T =B RATGAARNT y RO~y X THEE SN DES T, B
9% XFECFrame DA L OFF oAb D /3T A — & ik
Do

L1-part2 TVTTARNTYHA 7 ) v 7 InEzsndbAv 1 E5

T, QVAT A, T—HATAAR, JvF  BLOPLPIZ
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DWNWTO LY EEMZ LI HFRE LT 5,

LA ¥ 2(L2) CQEFHAD2EFEHOLA Y =MW L A Y /NT A —F—
DAE )

mod EVarERTT, MOLIITERIND,

X

xmodyx—yl;J

T RTHTH ANMEFRIR T v v 7T, 1)) & LT BBFrame #E {5 5,

nnp lnn] % 10 #5 E RN 5,

J T 4% OFDM ¥ v AR/VINTEEET 5 OFDM B/L O T, = ¢ /L
F—Ea bt o,

XX b Packet ID 7% 0x1FFF & MPEG /X7 v T, A/ B— K7 —
B EWEET, T g I IR D,

OFDM /1 1 20 OFDM ¥ > ANV o 2T —Da AL — a3y

KA FAIZEBIT S, 1250 OFDM ¥ ¥ U 7 OLEHE

OFDM ¥ > 7RV

ST HEFMETCERNSINDETXTOT I T 4 772% v Y
T TCHER S L, H— R A v X — L EE IR 2 RO
Ts

BV A /34 7 (PLP)

1 DU EDOTF =% 2T 4 ANTHE SN DiRETF v 1L

PLP /N Kb

DT —HZATAAEEHLT1 >0 PLP #5535 2
ko

PLP_ID

8 E Y hDT7 4 —/L KT, C2IEEEFND PLP & —E ik
BT 5,

TIVT LTI~y H

TVT T NDORYIOM TIRESNDEE S A XDOE =
T AT IAN= 2T = FDORI LA HZ =) =T D7
A—=Z s T 5,

TNT LTI R

% C2 7 L—ADRANAZEEIND 1| DF 21T D OFDM
URNLT, LAY I N—= 2377 U T —F ik
Do

Re(x)

x D FHER

FERAEH D7D T4

PRERER OO FHI) RSN TVDETRTOT 4 —/L K
OfEIE, MOEFZRARVEY T0) L3562k,

START FREQUENCY

C2 Y AT LD OFDM 7 F v U 7 TR S Dk bRV A
> w7 A, START FREQUENCY DffilL Dx D% TH
52k,

X DIEF I
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XFECFrame

QAM a2 R F L— 3 2~ v 7 E 35 FECFrame

|x]

x LO/DSV 0 FEITFE LWV RO,

[x]

x K0 REWV, F72035% L nigd 0E,
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(ft#%) LDPC 5 OMEITHEERT DM 5T —7 L
HeT—TNER) T Ay M TXa b —FDT RLAIEWT L HiE R, #AL1ES
Zlo, LTo@Eh Ry,

# A1 DFEROBF]

p317 =p317010 p2255 = p22550110 p2324 =p2324[110
p2723 =p27230110 p3538 =p35380110 p3576 =p35760110
p6194 =p6194 110 p6700 =p67000 10 p9101 =p9101110
pl10057 =pl100570 10 pl2739 =p127390 10 pl7407 =pl174070 10
p21039 =p210390 10 p377 =p377010 p2315 =p23150110
p2384 =p23841]110 p2783 =p27831110 p3598 =p3598 110
p3636 =p36360L1 10 p6254 = p62541]110 p6760 =p676001 10
p9161 =p91611110 pl0117 =p101170110 pl2799 =p127990 10
pl7467 =pl74670 10 p21099 =p210990 10

p21857 =p21857111359  p23795 =p23795011359 p23864 =p23864[]1359
p24263 =p2426311359  p25078 =p25078011359  p25116 =p25116 11359
p27734 =p27734 11359 p28240 =p28240 11359 p30641 =p30641C11359
p31597 =p31597111359  p34279 =p3427901359  p38947 =p38947 (11359
p42579  =p42579 11359

pl958 = p1958111360 p2007 =p2007C 1360 p3294 = p3294(] 1360
p4394  =p4394[ 1360 pl2762 =pl2762(11360 pl4505 =pl14505(] 1360
pl4593 =p14593111360 pl4692 =p14692(1i360 pl6522 =pl16522(]1360
pl7737 =pl7737001360 pl19245 =p19245011360 p21272 =p21272(] 1360
p21379 =p213790711360
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ik A GHE) Nldpe=64800 DSV T By b THFahLb—HD7 FLX
AKFXTERAT 2% FEC 7 L — A TOLDPCHFBOMREI I &2 EXT D/ 5T —T V%

TR A1 ~fFR A5 ITRT,

R AL SR 2/3 (N, = 64 800)

317 2255 2324 2723 3538 3576 6194 6700 9101
10057 12739 17407 21039

1958 2007 3294 4394 12762 14505 14593 14692
16522 17737 19245 21272 21379

127 860 5001 5633 8644 9282 12690 14644
175563 19511 19681 20954 21002

2514 2822 5781 6297 8063 9469 9551 11407
11837 12985 15710 20236 20393

1565 3106 4659 4926 6495 6872 7343 8720
15785 16434 16727 19884 21325

706 3220 8568 10896 12486 13663 16398 16599
19475 19781 20625 20961 21335

4257 10449 12406 14561 16049 16522 17214
18029 18033 18802 19062 19526 20748

412 433 558 2614 2978 4157 6584 9320 11683
11819 13024 14486 16860

777 5906 7403 8550 8717 8770 11436 12846
13629 14755 15688 16392 16419

4093 5045 6037 7248 8633 9771 10260 10809
11326 12072 17516 19344 19938

2120 2648 3155 3852 6888 12258 14821 15359
16378 16437 17791 20614 21025

1085 2434 5816 7151 8050 9422 10884 12728
15353 17733 18140 18729 20920

856 1690 12787

6532 7357 9151

4210 16615 18152

11494 14036 17470

2474 10291 10323

1778 6973 10739

4347 9570 18748

10574 11268
17932

15442 17266
20482

390 3371
8781

10512 12216
17180

4309 14068
15783

3971 11673
20009

9259 14270
17199

2947 5852
20101

3965 9722
15363

1429 5689
16771

6101 6849
12781

3676 9347
18761

350 11659
18342

5961 14803
16123

2113 9163
13443

2155 9808
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2189
3868
8780
160

1285
4658
2765
4565
3484
5024
7031
179

2490
2643
4315
594

5983

11942 20666
7526 17706
14796 18268
16232 17399
2003 18922
17331 20361
4862 5875
5521 8759
7305 15829
17730 17879
12346 15024
6365 11352
3143 5098
3101 21259
4724 13130
17365 18322
8597 9627

10837 15102 20876
10448 20418 21478

3848
708

5998
2098
9186
5246
3083

12029 15228
5652 13146
7534 16117
13201 18317
14548 17776
10398 18597
4944 21021

13726 18495 19921

6736

10811 17545

10084 12411 14432

1064
679

3422
3640
5862
5923
1073

13555 17033
9878 13547
9910 20194
3701 10046
10134 11498
9580 15060
3012 16427

12885

2861 7988
11031

7309 9220
20745

6834 8742
11977

2133 12908
14704

10170 13809
18153

13464 14787
14975

799 1107
3789

3571 8176
10165

5433 13446
15481

3351 6767
12840

8950 8974
11650

1430 4250
21332

6283 10628
15050

8632 14404
16916

6509 10702
16278

15900 16395
17995

8031 18420
19733

3747 4634
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5527 20113 20883
7058 12924 15151
9764 12230 17375
772 7711 12723

5565 13816 15376

17087

4453 6297
16262

2792 3513
17031

14846 20893
21563

17220 20436
21337

275 4107
10497

3536 7520
10027

14089 14943
19455

1965 3931
21104

2439 11565
17932

154 15279
21414

10017 11269
16546

7169 10161
16928

10284 16791
20655

36 3175
8475

2605 16269
19290

8947 9178
15420

5687 9156
12408

8096 9738
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14711

4935 8093
19266

2667 10062
15972

6389 11318
14417

8800 18137
18434

5824 5927
15314

6056 13168
15179

3284 13138
18919

13115 17259
17332
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R A2. 5L 3/4 (Ny,= 64 800)

06385 7901 14611 13389 11200 3252 5243
2504 2722 821 7374

1 11359 2698 357 13824 12772 7244 6752
15310 852 2001 11417

27862 7977 6321 13612 12197 14449 15137
13860 1708 6399 13444

3 1560 11804 6975 13292 3646 3812 8772 7306
5795 14327 7866

4 7626 11407 14599 9689 1628 2113 10809
9283 1230 15241 4870

51610 5699 15876 9446 12515 1400 6303 5411
14181 13925 7358

6 4059 8836 3405 7853 7992 15336 5970 10368
10278 9675 4651

74441 3963 9153 2109 12683 7459 12030
12221 629 15212 406

8 6007 8411 5771 3497 543 14202 875 9186
6235 13908 3563

9 3232 6625 4795 546 9781 2071 7312 3399
7250 4932 12652

10 8820 10088 11090 7069 6585 13134 10158
7183 488 7455 9238

11 1903 10818 119 215 7558 11046 10615
11545 14784 7961 15619

12 3655 8736 4917 15874 5129 2134 15944
14768 7150 2692 1469

13 8316 3820 505 8923 6757 806 7957 4216
15589 13244 2622

14 14463 4852 15733 3041 11193 12860 13673
8152 6551 15108 8758

15 3149 11981

16 13416 6906

17 13098 13352

18 2009 14460

19 7207 4314

23 5865 1768
24 2655 14957
25 5565 6332
26 4303 12631
2711653 12236
28 16025 7632
29 4655 14128
30 9584 13123
31 13987 9597
32 15409 12110
33 8754 15490
34 7416 15325
35 2909 15549
36 2995 8257
37 9406 4791
38 11111 4854
39 2812 8521
40 8476 14717
41 7820 15360
42 1179 7939
43 2357 8678
44 7703 6216
0 3477 7067

1 3931 13845
27675 12899
3 1754 8187

4 7785 1400
59213 5891

6 2494 7703
72576 7902

8 4821 15682
910426 11935
10 1810 904
11 11332 9264
12 11312 3570
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20 3312 3945
21 4418 6248
22 2669 13975
23 7571 9023
24 14172 2967
257271 7138
26 6135 13670
277490 14559
28 8657 2466
29 8599 12834
30 3470 3152
31 13917 4365
32 6024 13730
33 10973 14182
34 2464 13167
35 5281 15049
36 1103 1849
37 2058 1069
38 9654 6095
39 14311 7667
40 15617 8146
41 4588 11218
42 13660 6243
43 8578 7874
44 11741 2686
01022 1264

1 12604 9965
2 8217 2707

3 3156 11793
4 354 1514
56978 14058
6 7922 16079
715087 12138
8 5053 6470

9 12687 14932
10 15458 1763

13 14916 2650
14 76779 7842
15 6089 13084
16 3938 2751
17 8509 4648
18 12204 8917
19 5749 12443
20 12613 4431
21 1344 4014
22 8488 13850
23 1730 14896
24 14942 7126
25 14983 8863
26 6578 8564
27 4947 396

28 297 12805
29 13878 6692
30 11857 11186
31 14395 11493
32 16145 12251
33 13462 7428
34 14526 13119
35 2535 11243
36 6465 12690
37 6872 9334
38 15371 14023
39 8101 10187
40 11963 4848
41 15125 6119
42 8051 14465
43 11139 5167
44 2883 14521
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11 8121 1721
12 12431 549
13 4129 7091
14 1426 8415
15 9783 7604
16 6295 11329
17 1409 12061
18 8065 9087
19 2918 8438
20 1293 14115
21 3922 13851
22 3851 4000
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R A3. SR 4/5 (N, = 64 800)

0 149 11212 5575 6360 12559 8108 8505 408
10026 12828

1 5237 490 10677 4998 3869 3734 3092 3509
7703 10305

2 8742 5553 2820 7085 12116 10485 564 7795
2972 2157

3 2699 4304 8350 712 2841 3250 4731 10105
517 7516

412067 1351 11992 12191 11267 5161 537
6166 4246 2363

56828 7107 2127 3724 5743 11040 10756 4073
1011 3422

6 11259 1216 9526 1466 10816 940 3744 2815
11506 11573

74549 11507 1118 1274 11751 5207 7854
12803 4047 6484

8 8430 4115 9440 413 4455 2262 7915 12402
8579 7052

9 3885 9126 5665 4505 2343 253 4707 3742
4166 1556

10 1704 8936 6775 8639 8179 7954 8234 7850
8883 8713

11 11716 4344 9087 11264 2274 8832 9147
11930 6054 5455

12 7323 3970 10329 2170 8262 3854 2087
12899 9497 11700

13 4418 1467 2490 5841 817 11453 533 11217
11962 5251

14 1541 4525 7976 3457 9536 7725 3788 2982
6307 5997

15 11484 2739 4023 12107 6516 551 2572 6628
8150 9852

16 6070 1761 4627 6534 7913 3730 11866 1813
12306 8249

17 12441 5489 8748 7837 7660 2102 11341

0 5647 4935
14219 1870
210968 8054
3 6970 5447

4 3217 5638

5 8972 669

6 5618 12472
71457 1280

8 8868 3883

9 8866 1224
10 8371 5972
11 266 4405
12 3706 3244
13 6039 5844
14 7200 3283
15 1502 11282
16 12318 2202
17 4523 965
18 9587 7011
19 2552 2051
20 12045 10306
21 11070 5104
22 6627 6906
239889 2121
24 829 9701
252201 1819
26 6689 12925
272139 8757
28 12004 5948
29 8704 3191
30 8171 10933
31 6297 7116
32 616 7146
33 5142 9761
34 10377 8138
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2936 6712 11977
18 10155 4210
19 1010 10483
20 8900 10250
21 10243 12278
22 7070 4397
23 12271 3887
24 11980 6836
259514 4356
26 7137 10281
27 11881 2526
28 1969 11477
29 3044 10921
30 2236 8724
31 9104 6340
32 7342 8582
33 11675 10405
34 6467 12775
35 3186 12198
09621 11445
17486 5611
24319 4879

3 2196 344

4 7527 6650
510693 2440
6 6755 2706
75144 5998

8 11043 8033
9 4846 4435
10 4157 9228
11 12270 6562
12 11954 7592
13 7420 2592
14 8810 9636
15 689 5430
16 920 1304

35 7616 5811
0 7285 9863
17764 10867
212343 9019
34414 8331

4 3464 642
56960 2039

6 786 3021
7710 2086

8 7423 5601

9 8120 4885
10 12385 11990
11 9739 10034
12 424 10162
13 1347 7597
14 1450 112
15 7965 8478
16 8945 7397
17 6590 8316
18 6838 9011
19 6174 9410
20 255 113

21 6197 5835
22 12902 3844
23 4377 3505
24 5478 8672
25 4453 2132
26 9724 1380
2712131 11526
28 12323 9511
29 8231 1752
30 497 9022
31 9288 3080
32 2481 7515
33 2696 268
34 4023 12341
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17 1253 11934
18 9559 6016
19 312 7589
20 4439 4197
21 4002 9555
22 12232 7779
23 1494 8782
24 10749 3969
254368 3479
26 6316 5342
27 2455 3493
28 12157 7405
29 6598 11495
30 11805 4455
31 9625 2090
32 4731 2321
33 3578 2608
34 8504 1849
354027 1151

35 7108 5553

109




IR A4, FF51LE 5/6 (Ny,= 64 800)

04362 416 8909 4156 3216 3112 2560 2912
6405 8593 4969 6723

12479 1786 8978 3011 4339 9313 6397 2957
7288 5484 6031 10217

210175 9009 9889 3091 4985 7267 4092
8874 5671 2777 2189 8716

3 9052 4795 3924 3370 10058 1128 9996
10165 9360 4297 434 5138

4 2379 7834 4835 2327 9843 804 329 8353
7167 3070 1528 7311

5 3435 7871 348 3693 1876 6585 10340 7144
5870 2084 4052 2780

6 3917 3111 3476 1304 10331 5939 5199
1611 1991 699 8316 9960

76883 3237 1717 10752 7891 9764 4745
3888 10009 4176 4614 1567

8 10587 2195 1689 2968 5420 2580 2883
6496 111 6023 1024 4449

9 3786 8593 2074 3321 5057 1450 3840 5444
6572 3094 9892 1512

10 8548 1848 10372 4585 7313 6536 6379
1766 9462 2456 5606 9975

11 8204 10593 7935 3636 3882 394 5968
8561 2395 7289 9267 9978

12 7795 74 1633 9542 6867 7352 6417 7568
10623 725 2531 9115

13 7151 2482 4260 5003 10105 7419 9203
6691 8798 2092 8263 3755

14 3600 570 4527 200 9718 6771 1995 8902
5446 768 1103 6520

15 6304 7621

16 6498 9209

177293 6786

18 5950 1708

19 8521 1793

20 4766 2697
21 4069 6675
22 1117 1016
23 5619 3085
24 8483 8400
25 8255 394
26 6338 5042
276174 5119
28 7203 1989
291781 5174
0 1464 3559
13376 4214
27238 67

3 10595 8831
4 1221 6513
5 5300 4652
6 1429 9749
77878 5131
8 4435 10284
9 6331 5507
10 6662 4941
11 9614
10238

12 8400 8025
13 9156 5630
14 7067 8878
159027 3415
16 1690 3866
17 2854 8469
18 6206 630
19 363 5453
20 4125 7008
211612 6702
22 9069 9226
23 5767 4060

10 7868 5731
11 6121 10732
12 4843 9132
13 580 9591
14 6267 9290
15 3009 2268
16 195 2419
17 8016 1557
18 1516 9195
19 8062 9064
20 2095 8968
21 753 7326
22 6291 3833
23 2614 7844
24 2303 646
252075 611
26 4687 362
27 8684 9940
28 4830 2065
297038 1363
01769 7837
1 3801 1689
210070 2359
3 3667 9918
4 1914 6920
5 4244 5669
6 10245 7821
77648 3944
8 3310 5488
9 6346 9666
10 7088 6122
11 1291 7827
12 10592 8945
13 3609 7120
14 9168 9112
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206174 7854
219773 1190
22 9517 10268
23 2181 9349
24 1949 5560
25 1556 555
26 8600 3827
275072 1057
28 7928 3542
29 3226 3762
0 7045 2420
1 9645 2641
22774 2452
3 5331 2031
4 9400 7503
51850 2338
6 10456 9774
71692 9276
8 10037 4038
9 3964 338
10 2640 5087
11 858 3473
12 5582 5683
13 9523 916
14 4107 1559
15 4506 3491
16 8191 4182
17 10192 6157
18 5668 3305
19 3449 1540

24 3743 9237
257018 5572
26 8892 4536
27 853 6064
28 8069 5893
29 2051 2885
010691 3153
1 3602 4055
2328 1717

3 2219 9299
4 1939 7898
5617 206

6 8544 1374
710676 3240
8 6672 9489
9 3170 7457

15 6203 8052
16 3330 2895
17 4264 10563
18 10556 6496
19 8807 7645
20 1999 4530
21 9202 6818
22 3403 1734
23 2106 9023
24 6881 3883
253895 2171
26 4062 6424
27 3755 9536
28 4683 2131
29 7347 8027
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IR A5, FFELER 9/10 (N, = 64 800)

0 5611 2563 2900
15220 3143 4813
2 2481 834 81

3 6265 4064 4265
4 1055 2914 5638
51734 2182 3315
6 3342 5678 2246
72185 552 3385

8 2615 236 5334

9 1546 1755 3846
10 4154 5561 3142
11 4382 2957 5400
12 1209 5329 3179
13 1421 3528 6063
14 1480 1072 5398
15 3843 1777 4369
16 1334 2145 4163
17 2368 5055 260
0 6118 5405
12994 4370

2 3405 1669

3 4640 5550

4 1354 3921

5117 1713

6 5425 2866
76047 683

8 5616 2582
92108 1179

10 933 4921

11 5953 2261

12 1430 4699

13 5905 480

14 4289 1846

15 5374 6208

16 1775 3476

17 3216
2178
04165
884

1 2896
3744
2874
2801

3 3423
5579

4 3404
3552

5 2876
5515

6 516
1719
7765
3631

8 5059
1441

9 5629
598

10 5405
473

11 4724
5210

12 155
1832

13 1689
2229

14 449
1164

15 2308
3088

16 1122

16 6296
2583
17 1457
903

0 855
4475
14097
3970

2 4433
4361

3 5198
541
41146
4426

5 3202
2902

6 2724
525
71083
4124

8 2326
6003

9 5605
5990

10 4376
1579

11 4407
984

12 1332
6163

13 5359
3975

14 1907
1854

15 3601

151263
293

16 5949
4665
17 4548
6380
03171
4690
15204
2114
26384
5565

3 5722
1757

4 2805
6264

5 1202
2616
61018
3244
74018
5289

8 2257
3067

9 2483
3073

10 1196
5329

11 649
3918

12 3791
4581

13 5028
3803

14 3119

14 3267
649

15 6236
593

16 646
2948
17 4213
1442
05779
1596
12403
1237
22217
1514

3 5609
716

4 5155
3858
51517
1312

6 2554
3158

7 5280
2643

8 4990
1353

9 5648
1170

10 1152
4366

11 3561
5368

12 3581
1411

13 5647
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669

17 2268
5758

0 5878
2609
1782
3359
21231
4231

3 4225
2052

4 4286
3517

5 5531
3184

6 1935
4560
71174
131

8 3115
956

9 3129
1088
10 5238
4440

11 5722
4280

12 3540
375

13 191
2782

14 906
4432

15 3225
1111

5748
16 6056
3266
17 3322
4085
01768
3244
12149
144
21589
4291

3 5154
1252

4 1855
5939

5 4820
2706

6 1475
3360

7 4266
693

8 4156
2018
92103
752

10 3710
3853

11 5123
931

12 6146
3323

13 1939
5002

14 5140
1437

3506
15 4779
431

16 3888
5510
17 4387
4084

0 5836
1692
15126
1078
25721
6165

3 3540
2499

4 2225
6348

5 1044
1484

6 6323
4042
71313
5603
81303
3496

9 3516
3639

10 5161
2293

11 4682
3845

12 3045
643

13 2818
2616

4661

14 1542
5401

15 5078
2687

16 316
1755

17 3392
1991
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8% B (&)  Nldpe=16,200 DSV T fEw b+ THF a2 AL—FDT FLA
A HCIRIAT B FEC 7 L — 5T LDPC A B OB A& E5T 51 5T —7 Vi
13 B. 1 ~f1#& B.6 ITRT,

R B.1. F5LE 1/2 (N, = 16 200)

20 712 2386 6354 4061 1062 5045 5 5924 290
5158 6 1467 4049
21 2543 5748 4822 2348 3089 6328 |7 7820 2242
5876 8 4606 3080
22926 5701 269 3693 2438 3190 94633 7877
3507 10 3884 6868
23 2802 4520 3577 5324 1091 4667 |11 8935 4996
4449 12 3028 764
24 5140 2003 1263 4742 6497 1185 |13 5988 1057
6202 14 7411 3450
0 4046 6934

1 2855 66

26694 212

3 3439 1158

4 3850 4422
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1R B.2. 5L 2/3 (N, = 16 200)

02084 1613 1548 1286 1460 3196 4297
2481 3369 3451 4620 2622

1122 1516 3448 2880 1407 1847 3799
3529 373 971 4358 3108

2 259 3399 929 2650 864 3996 3833 107
5287 164 3125 2350

3 342 3529

4 4198 2147

5 1880 4836

6 3864 4910

7243 1542

8 3011 1436

92167 2512

10 4606 1003

11 2835 705

12 3426 2365

13 3848 2474

14 1360 1743

0163 2536

1 2583 1180
2 1542 509
3 4418 1005
4 5212 5117
5 2155 2922
6 347 2696
7226 4296
8 1560 487
9 3926 1640
10 149 2928
11 2364 563
12 635 688
13 231 1684
14 1129 3894

1% B.3. FF51LEK 3/4 (N, = 16 200)

3 3198 478 4207 1481 1009 2616 1924
3437 554 683 1801
4 2681 2135

5 3107 4027

6 2637 3373

7 3830 3449

8 4129 2060
94184 2742

10 3946 1070

11 2239 984

0 1458 3031

1 3003 1328
211371716

3132 3725

8 1015 1945
91948 412
10 995 2238
11 4141 1907
0 2480 3079
1 3021 1088
27131379
3 997 3903
4 2323 3361
51110 986
6 2532 142
71690 2405
8 1298 1881
9615174
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41817 638
5 1774 3447
6 3632 1257
7 542 3694

10 1648 3112
11 1415 2808

116




1R B.4. 5L 4/5 (N, = 16 200)

5 896 1565
6 2493 184
7212 3210
8 7271339
9 3428 612
02663 1947
1230 2695
22025 2794
3 3039 283
4 862 2889
5376 2110
6 2034 2286
7951 2068
8 3108 3542
9 307 1421
02272 1197
1 1800 3280
2 331 2308

3 465 2552
41038 2479
51383 343
6 94 236
72619 121
8 1497 2774
9 2116 1855
0722 1584
12767 1881
22701 1610
3 3283 1732
4168 1099
53074 243
6 3460 945
72049 1746
8 566 1427
9 3545 1168
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1R B.5. 5L 5/6 (N, = 16 200)

3 2409 499 1481 908 559 716 1270 333

2508 2264 1702 2805

4 2447 1926
5414 1224
6 2114 842
7212 573
02383 2112
1 2286 2348
2 545 819
31264 143
4 1701 2258
5964 166
6114 2413
72243 81
01245 1581
1775 169
21696 1104
3 1914 2831
4 532 1450
591974

6 497 2228
72326 1579
0 2482 256
11117 1261
2 1257 1658
3 1478 1225
4 2511 980
5 2320 2675
6 435 1278
7228 503

0 1885 2369
157 483

2 838 1050
3 1231 1990
41738 68
52392 951
6 163 645
72644 1704
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1R B.6. FF51LEK 8/9 (N, = 16 200)

01558 712 805
11450 873 1337
21741 1129 1184
3 294 806 1566

4 482 605 923
0926 1578
17771374
2608 151

3 1195 210

4 1484 692
0427 488

1 828 1124

2 874 1366

3 1500 835

4 1496 502
01006 1701
11155 97

2 657 1403
3 1453 624
4 429 1495
0 809 385
1367 151
21323 202
3 960 318

4 1451 1039
01098 1722
11015 1428
21261 1564

3 544 1190
4 1472 1246
0 508 630
1421 1704
2 284 898

3 392 577

4 1155 556
0 631 1000
1732 1368
21328 329
3 1515 506
41104 1172
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4 BHEARE B AT 0 ITU-T £ J.183 JE5R) (4% D BRIy &t

4.1 BRI LB ARETT DL

AR AR = 5 AU, 4.1-1 2R T X I TS It HR D 1 #ki%1 (64 QAM/256
QAM)DIRIEREAZHZ DA RV —A (TS & LIXTLV) #EBOMRERE 2 ATt
KL, ZEHTERT2HTHD, DEILEREEA N =AM EBFOT VXN
HOED TS N7y NERKBIL TR —7 L—ANIZZET DL HARETH S,

A REEBT 5720, BMFEOEBRTS ZET L — A(TSMF)* Z4KET 5, LU FO#HT
(T, YRS HEB TS L EY L— L %" L3 TSMF (Extended TSMF) 7 L5392,

Fo, BEIEKREESTROB T EZET 570, Fic A REEIR LR AR 5Bl > A
7 I Feuk+(channel_bonding_cable_delivery system_descriptor) % &34 5,

*TSMF: Transport Stream Multiplexing Frame (ITU-T J.183)

4 Ay RIYVR N el SEI
X8
g 258
> 256QAM [ 256QAM |- OEEEREEe
1RRBOERERERZS 14 ﬁgiﬁ Iﬁz #x3

ZFU—A . D )

TS/ y R R TLV/V Y Y TSIy R FEETLV/W Y ~
DE -
Z&E | 2560aM | > 256QAM SRR
BEF DX BEFDRGE
AEACE L > 64QAM 64QAM TSIV b

VARV

N\ J -

%

ZSGEAM 64QAM

41-1 BEBEREEFROBE

(JEIETSMFZ i L C 2 21256 QAM & 1 5164 QAM THENEET 5 )




4.2 i 5 AR M e 7 5k 7

HEEAE I EE TR CEETADE LA N — ADEERG 2 FRIE. B ED
FTIUANHRT L EY g VIE S RO ERG AL ER—E 35, oA —
MIWREKE TR L CWa b 35,

(B )

BRAEWARE ST ROBWEI T, DO T HNVERT L EY a Uik FR LR
—DIEERG LR (EFFR, v— L F 7R xR, BV ETIES
K. A=V —TFHK, 7L—AaRHEST. 7L —2E) Z2HVWLZEiky,
M 4.2-1Z7-T RO, BEFEOT VX VART LEY a VHGEFRE R UE S L
LCHERT 5 Z ENAEETH Y ZHVE TITHRE L CEEM-CHE ZIEHT 5 2 &7
AHETHDZ &N, FERDIC LRSI (FE) .

JEHA/NA R OEN0X4TTL88NA DT — X F a8 AT H Z L2 LV B—TSIEk )7
KRBTSR 7 R & [RIER IR P AR 057 & BEF OB B L 5Tl 5 2
EMNTFHETH D, VB L— b ZRAHSED 2 & TRZEHOBRZHFELTE 5,

[ MPEG-2 TS / TLV J { MPEG-2 TS / TLV ]
U 4
’ 2 R Y= LR B S EILE ‘
3k TSMF ‘ ’ 13k TSMF ‘ ’ #E3% TSMF ‘ ELESHR

GEC T YN

A b= URIVERR
EHHS

64 QAM Z=3R

A b= URILERR A b= URIVERR
E=HHE EHFSI

256 QAM Z 3R 256 QAM Z 3R

L s TSE2FROBERG — - B TSEASROBERG — — B TSELSROBERE -

X 4.2-1 BEBEFELEESTR

(REBEDA M) —AL% 150D 64 QAM & 250 256 QAM IZ45E| L Tsikd 5 4)

OEBRERARE ST RIC L DT VXN AERT L EY a VIREOFEBUEZ EIET 572012,
PR264F% H 2 B [AAEF HIZ 00T T —fiRthEIE N B ARCATVEA =23 1 2 EBRIESEBEIC
& o T S T ARIRER,



4.3 JERRTSMFZ 8 7 L — A~ v & (Extended_TSMF_header)

JERTSMFZE 7 L — Ay X O Z K 4.3-UTRT, SFIROMIX, &k By y
NE2SEERE LTI 5, 70, BALOZ2WEIZZ OO By MIERT, LLF.
[FRE &35,

PLRTE RSN OFE A2 EARTFR E T 5, EARFEROWNRIZ, TSMFEFEETH 5,

(B )
—EDHFID L & Tk, TSMFZE (G Al RE72BEFOZEHIC LV, ZEINTVD—
HOARN)—LE2ZG5THIENTE, BMFOEMTSIEESA L OB Z R 5
ZENARETH D,

Al ZE| K| Any | @B | %A | AR PLARTE CRC
v ho| Zl— | E | OMESR | XA L] SEE | DA%
~y | AFM |18 V—2%& | W /A
5 fH | W RSN v b RIG
H 1
32 16 3 21 480 32 208 680 32

4.3-1 ¥EETSMFLZE 7 L— b~y X DR




43.1 By A (FFEbT — 2 FIOHAD

#£ 4.3 1T EERT,

£ 431 ¥EETSMFEZE 7L —ANy A DI U R v 7 AEE

(4 5)

INT oy b S

frame_sync

version_number

relative_stream_number_mode

frame_type

stream_status

stream_id/original_network_id

receive_status

reserved_for_ future_use

emergency_indicator

relative_stream_number

earthquake_early_warning

stream_type

(FLH)

R XA k. frame PID. 3 KON fEE

LE7 L — ARHIEE
PALE TN

2wy MEETE O X
P W AVEIN Wl |

WA R Y — AR B A%, SR

SR AR A U — WSt S
~y R RTOZEREE

e

BRAVERE R

FAXF A B U — AF BRI AT v hxbiGiE#
o BT & OVl O H R B S
A R Y —LFER (TS £721X TLV & X B)

group_id PO DR

number_of carriers PR E A2 MRS 2 Wk DR K

PLARIE : e . .
carrier_sequence WS O H 1 A RiIE
number_of frames JE3E TSMF O 7 L — 2%k
frame_position LR TSMF O 7 L — AL E G R
reserved_for_future_use | fERFIA CRER
CRC (R e
as MTSMF L7 L— Ay Z B E 2IX8E T 285

432 LR TSMF D> > 2 7 A

&K A32ITHLETSMFD Y o Z >y 7 A =g,



& 432 ILEERTSMF DY & v 7 X

R T By MK =——F=v7
Extended_TSMF_header (){
sync_byte 8 By R
‘000’ 3 vy M
frame_PID 13 P LB
‘0001’ 4 Ey M
continuity counter 4 a1 L3
reserved_for_future_use 3 I UL
frame_sync 13 vy M
version_number 3 FF5- i LSS
relative_stream_number_mode 1 vy M
frame_type 4 Fro i LB
for(i=0; i<N; ++i){ N=15
stream_status][i] 1 By R
}
reserved_for_future_use 1
for(i=0; i<N; ++i){ N=15
stream_id[i] 16 P LB
original_network_id [i] 16 a1 L3
}
for(i=0; i<N; ++i){
receive_statusf[i] 2 vy R
}
reserved_for_future_use 1
emergency_indicator 1 By R
for(i=0; i<N; ++i){ N=52
relative_stream_number[i] 4 PP UK
}
earthquake_early _warning 204 By R
‘0000 4 Ey M
for(i=0; i<N; ++i){ N=15
stream_type [i] 1 vy M
}
0’ 1 vy R~




group_id 8 P fEE LK
number_of_carriers 8 PP UK
carrier_sequence 8 PP LB
number_of frames 4 P LB
frame_position 4 P LB
reserved_for_ future_use 424

CRC 32 R f RS

}

433  FERIEH

4331 Ny ko
43212, Ny by O E RS, Ny by X R 5328y M
VBT AETS/N y NEEIZ LT, JEIRTSMFZE 7 L— A~y X ETS/R T
hEFEBRICHZ D L DI LT D,

G A %87 L —APID HGE TR
0x47 ‘000’ ‘0001’
8 3 13 4 4

4.3-2 Xy b~y ZOER

(B )

BMFEOT A NVARTLEY a Uk FRE R~ N WD Z sicky,
INFETITRE L CEEHINCHEZIEH T 2 E N ARETH S, H— T Sk H=,
HET Skl s & HICEEI AR R E SR/ — O CEAT A Z &N T
éo

(1) A SA |~ (sync_byte)
sync_bytelX, 8y hD 7 4t —/L RTH D, fEHIZOX47E T 5, F7zsync_bytei» 5
continuity counter£ TO32E v M, ¥ v 7 A&TS/N7 w hEILH L CTHLETSMF
ZETL— LNy ZETSNNT y b ERRRICHBAD L O I LTV,

(B 1) XBEFO TSMF &R U

BEFOT VX IVERT L EY a VIE T ROBERF AL R E 057280, JkkE
TSMFZE 7 L— A~y X OYEFAD 154 MME, TS/ > hORIIASA b &R UEZ
AWM ERD D,




(2) ZE~7 L —LA4PID (frame_PID)
4 ®E 7 L —APIDIZ, 138y hD 7 4 —/L RTH D, fEE LTOX002FZ WS Z & 23
JCTEAB L ARIBIZ L W RSN T\ 5

(B ) XBEFO TSMF &R U

LE 7 L—APIDIE, HEETSMFOLE 7 L— Ay X 2T EISRIT 5720, o
2wy FTEEDNDPID & TR D Z FV 2, R 23FMA B 5 R 3115 K,
TFTUANERT L EY a VIEFXDOZET L— b~y LIEROHERD > HLEET L
—APIDIE, 0x0011 7>5H0x002F £ TOHFMNLEILRTLHHD LT HEED LN TN D,

RBERLILEL2 A 24 H | —iAtRE N B ARCATVHIN %2 (JCTEA) & fH[HiE N ik P
¥(2(ARIBYETE T ¥V Z VLR IS Sl Bl 2 BEALIEREPEE O T, 0x002F%
—7NT LVEHOPIDE T 5 Z LR S 4L, JCTEASTD-002 "7 VX VAT L EY
3 VEZ EAVEEE" S L OARIB STD-B10"SE 1T ¥ # Vb 3810 5 B ELS 1
DR OB - D B YE T E ST g

(3) e 4R (continuity_counter)
continuity_counterif, ZE 7 L — AT LI 1 T OMNT 548y FDOT7 4 — )V RTh D,
continuity_counter®h¥ i K DA, WIT0x0& § 5,

(B ) XBEfFO TSMF E[H U
HGMERIE 2 TS N7 v b O~y Xy E RO E & L TRIT 5 2 & T, JEETSMF
ZET L — LNy X OREEERETHZ E&2AREE LTV 5D,

4332 %H7 L —ARWIES (frame_sync)
X 4.3-312, ZE 7 L— ARG 5O EZ RS, frame_syncliX, 138> D7 4 —
NV RTHD, TOMEIE, 0xIA86L L., HHETSMFEE Y L — ARICEE Y b & )]s S
%, 5L 7-frame_syncOfiiiL, 0x0579 T %5, frame PIDE & HIZELE T L — A
v BT DO HWS Z ENRTE D,

RIEF LE7 L — ARIHIEE
3 13
X 43-3 Z£E7 L —AREEEOER




(PR ) XBEFFO TSMF & A L
LE7 L—ARBESOMIE. 0 KT ‘1 ORAMBEHETHY . By MED
FEEENEL LR WVWE I RMETH D,
Flo, ZE7V-LAEICAY Y NEREIE L2 LE, ZEHT L— AOEUFE O
WFEWOTOIHNTHLIDRAL TV S,

4333 ZHHE/R (version_number)

X14.3-412, AW OM %79, version_numberiX, JEIERTSMFLZE 7 L— LA~y
FOERICEEDR -T2 HBZITHOWMT 238y b7 4 =L FTh D,
version_numberfli 23 e KAE D56, IROMEIFOX0E T 5, JLIRTSMFZE 7 L — A~y &
DIFHROLEL LAZEFR Y X BT DT OICFIHTE 5,

EH 2GR D k%R & e D EEIL . version_number O (B % 2> & PR 1F #H O
number_of_frames % COfHEIk & 95,

IR
3
4.3-4 BEEIBROER

(B )
JERTSMFZ E 7 L— A~y X OIERIZEERNH > - O ARERR D 72D )% X B4
HI=DIHIETH D, TSMFE RV | YEETSMF CIEZE E %2 025 5t RIZHERE WO
number_of frames$ CTOREIKZ G DD Z LY TH D,

4334 A NMEHR
[X]4.3-51Z A 1 > MEBROWHEKZRT,

2y h P A DY — 2 | FHA B Y — 2 FAXEA R U — A
o
. ZHET L — i & FiSRE
@a%{fg) . B P B B
- N 12k 5 21Z%H 5 15(2%F9° %
Hxh, ®RhER | AR, BN B, HhER
1 4 1 1 1

X 4.3-5 21y MEBROER

(4) 2 v MECEEOXE] (relative_stream_number_mode)
Z2ny MRS EZXRT 5720018y hOT7 44—/ FTHY | TDEZFK 4.3-31T7
T, BEZEI7L—ATRLAT Yy MZEIV YK TH TEHED Y TIE oL X,



relative_stream_number_mode DfEIF'0'E T~ 5, k., ZLSOEID Y THERBE I
% RIREME & & 8 L CHE'L % reserved_for_future_use: 95,

#£ 433 Any MNEBEEDORXH]

{8 F=UUS
'0' e
1 reserved_for_future_use

(B 1) XBEFO TSMF LRI U

PR 124E DICTEAIL BT B TSmO EFEER CHB S e TEEIY ) %
BEL, 2'0LT 5, fk, TNLUAOEYIENSHE SN D ATREMEEZEE L T, fE'l
ERERELTND,

(5) ZE 7 L— LK (frame_type)
frame_typeldZH 7 L — LD (FHT L—LR, RREEHA MU — 2O, 72
BONTEHTSERE S XS LU IFEEAREE S XOER) #fET 548y b7 ¢
—/LRTHY ., TOMHEE 43-4RT,
Oxl: HEETSIEESTRXDEEDOHETSMRICSHELT 5BE. b L 13RI E IRk
FHRDEZDO—E L ERTSIEE ST ROE S ZILETSMFIC 2 BT 2 54,
0x2: BEWERIRE T RKDOEFORrE L EILT D54,

£ A43-4ZBET L —LERX

il (@7 L —LRk, BRRZEA N —25]

ox1 (53, 15]

0x2 (53, 15]
BHTSIEE TN TZFETE 20

OxF ER L7220

Z D RIEF

frame_type i%, KA E U CHBREEGE R E DR Y AT ARk OfE & [ UEE v %,
2L, R A3AICHBEINTND” ZEHZ L— b7 LOE— TSIRE” &7 5 i OXF
. ZET L—L~y AN frame_type DEE LTSNS Z &3,



(# )

OXLIZTSMFIZ X B9k DEETSImE HFOEMRIZINZ T, $EHRTSMFIZ & 2 50k
KW ROEREZ e L L7z, frame_typehS0x10 & & 1%, HETSIE S RO
ST HZEETHoTH TSMRICHEL TEEINIZA MY —LE2Z(EFETHILENT
x5,

OX2 T PEIRTSMFIZ L A EEE R E RO ALEH I TV LG E 7T,
frame_type30x2? & X%, HWETSIEESTROAICKET 2% EHIX. 2EINWT
MDA RN =L bZELED ETHEREENELDARERD LD, ZOLET
L—LE T2 EREE LY,

BB AR ALY AT LG FICB W COXFIZ B TSIk L E 7 L
—LEREFESLELTEV L TOENTNDED, ZETL—L~Ny FNDEET L—L
RO E L TIIOXFIZERA LAanwZ & & L,

(6) FEX A N U — L/ G X DA%, HELFRR (stream_status)
Z DFEIE, stream_id/original_network idDFE DK ER NN E R T H DO TH
b, ROREZ I, frame type CTHEESNHHKRZLEA M — 2 (=15 +5, &E
FILE Y FOT7 4=/ FTHY, TOEEFK 43517 F, HYOERIIHGA LY
— L&D VISR Ly BLTRFE A B Y — L% 5 ONAIC IS S 5,
£ 435 MR N —LFFITKT2H%. EDER

fiE ER
0 fE2h
1 H5h

(# )

JERRTSMFO & A 12 MIIETS/NT > M EZIEIREI S NZTLVO WS E L ET
HZENTED, 22T, BEEDOTSMFD 7 L — b~y ZERIZEB T 5 TS status &
stream_status & Fr 95 Z & L Uiz, ZHUCK D A MU — A F TR A B Y — AF I
KT DA, R RIL, ERICZET LA Y —L5 (TSELIETLY) OHDBRKRE
HA M) =28 L0 DR WGE FA M) —ARZEARENE D DERT DI
BCTHD,

4335 GBI SRR A N U — A kIS E R (stream_id /original_network_id)
4.3-6 BT AERE A N U — DF S IS O ERA AR A R Y — A
TSRO E T, ZETHA MU —2L (TSELETLV) 1E, HxtA b —
LB & VTR 2 stream_id original_network_id & %t SH 5, Z0FE, fHxt
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4336

4.3.3.7

A bV — L% 5 & ostream_id  original_network_id ® xf itz & 9, RO K T XL,

frame_type CHRE SN DO AL EA MU — 25 (=15) L 75, ROKEREIT

& original_network_id (%516t v ) % Z OJEICIEET 5,
stream_idix, TSOHATS idé L, TLVOLHETLV idE 35,

. Stream_id

At A B U— | MR R Y — | FxfA Y — FAE A B U —

LE S LUK | 2FF 21X | A& 5 31X LF 5151k}

THARM)— | FTDHAR)— | THAMY— THARY —

AHBIROA | 2RO | 2EBIROE | A RO

VoFxy |V xry | UPF xRy U

N —Z5R) | NU =28 | FU — 2755 s — 7 350
32 32 32 32

X 4.3-6 AT FExFA DY —AFERIEROEBAL

(3 )

TSEFIFTLVE 2y M EDOEREZRT OIS A ) — 2 F FE2EH LTS,

A R —2FFE A MY —L55,/ 4V T ry NU— 7B & BRI ES
72D ETH D,

AR T

4.3-TIZEZAG TS O 2 7~ d,

St 2 R — % 1) — SEA R —
*EXT/: ~D - *ﬁﬁ/: D - *EXT/: ~D - N i
LES VISH | AT 20T | e LE ISR | REE b
FEZIZIRIE | 22 (e + 5% ZIRIE 3

2 2 2 1 1

X 4.3-7 EZEHIEEROERK

/5 IR & (receive_status)

~y RZy RTHEA MY —ATSELIETLV)OZEREEZ RTETHDLH, KOKE
UL, frame_type CHRESNDIKZEA R U —2% (=15) L35, FHEEF, 2€
v hDT7 4=V RTHY, TOEEER 43-618T, RYOBERITHESA MY —LEKE
DUTKHE L, LA A B U — A% 5 DNEICKIE S 5, FEFEOMIL, BUIKED

oV VIREE R '00', ‘01

L LODNEIC KIS X5,
BB, BRAEIRBOERSZFEREOE R, EH EOREL T 5,

11




# 4.3-6 Z{FIREE

il FEUUS

‘00’ ZAEWEE C 000, 7 01 . C 10 DJETREW
'01' RRED & BV RFE A £ )

10

11 RIEF

(B ) XBEFO TSMF &R U

ZEW T~y Ry RIZBIT 2% EREEZMD FEARITHAZ LICLY, BST VX
VB XL ONREBST ¥ # VHE R EEL T — B A Z T TV AGE, ZEHIAEREL
= REZETLRICZEDEREFHTEDLLOICTHEDITNETH D,

4338 ERLEHFE/~(emergency_indicator)
emergency_indicator |%, T ¥ Z Lk D TMCC Tk HIL T 2k Bl o
BT D 1L EY FOT7 4= RThHY | TOMEERLAITIRT, 7 VX NVHEEDHE
BOWEEDNDLDARNY —LE—DDLET7 L—AILHELILE X, WTN Ok
W CRBENHRIESI T O D AT, emergency indicatori: [EENHIEI N TR TS| %
RTUET S, ZEEEBOBMEILEN EOBRELE T 5,

% 4.3-7 BRI

[ FEU S
0 RCENHIE AT DAL TV 7R
1 EEHIEHATHI TN D

(B /) XBEFO TSMF LR U

BST ¥ ¥ VlikiE, mEBST VX VR, BT U X VEGEDEBIHIEE 53, — il
K (B BST VA NBGETIE—FfkdR, M ET 2T L EY g SRR TIE6
MHZHHRIE) 4720 1By MEID Y THNTWD, ZOERELBIET H7OIZHET
oo,

4339 HMXFA Y —LFE SR ATy MRSTEER (relative_stream_number)
M4.3-812, MXTSHE S/ A vy FSTHEROWKEZTRT, ZEHT L—LDFAR v
MM STz TSETLIETLVREI N RO A R — LK B ERT, ROKE S
L. frame_type CHRESNDHZE T L— LK (=53) NWHEZHT L —LAy DAy
N (=D 2T ET 5, KEFRIT 48y O T 4 —/L R TH Y | EOH/MEIXL,
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KA I frame_type CIEE SNDHHRKRZLEA MY — 448 (=15) & T 5, TSEIELTLV S
By FEBE L TWRWAR Y ML T A2 EZOEIL OxX0& 35, HUIOESE
IFHIERTSMFZ B 7 L — L~y X OEZD A1 v MIXIE L LT A7 > kONEIZ kG

SHD,

Any b1 Any k2 =R N 2w F51 | Aoy 52

(15 S (1 S s A ks | e %5 R

A%t A b U faxEA ~ U ERSZ N FARE A R U FARFA R

A& — L& —LEE — LFE LR
4 4 4 4 4

438 XA B Y —2EE/ ATy MRISHEROMR

()

LT L— LAICHERO A I Y — A(TSERRTLV)ESET 572010, £ A R U —
LNEEHT L—LADOEDAR Yy MIEB SN TV D0 EHRT20LERGH L, ZE
THARY—ALATy MIBOBMRIE, A0y MECA MY —A#EIE A Y DT
Xy MU= 7R EERER TS5 E K0, FREA Y —AF 5 E VTR
IEEE B I PMEEHRNE N, FKRA B — 2EBIETHHDOTA Ly FOMK A b
U— 2B BEEHATHZETHEA N —LE#HHITE D,

4.3.3.10 CRC
4.3-912, CRCOHERK % 7~9, CRCIE, CRCIEZMKINIT B2 DR Y hD T (—
/L R T %, CRCEIE, ISO/IEC 13818-1 Annex:BTEFHT 57 2 —FIZHBW\ T, L&
TV— Ay Z DD BEEHD 48 P EFRNZ1843 &L VARSI AT LIZRED
LY ZAZ AN eIl B ETH S,

CRC
32
X 4.3-9 CRC DHERL

(B ) XBEfFO TSMF LT[R U

JEAETSMFZ 7 L — A~ 4 DR ) ORHNCHERT 2 72 DICLETH 5, il
Y TIILEHT L— L~y X ONEEEOHE IR0, 380 23 H S - BRI
ZEHT LV —ANYy XORNEFEZHHTLZENAETH D
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434 ProR s

X 4.3-101Z. PEAEIEHROMER EZRT, 2D 74—/ K (680F v M) [THEEIREE
EFRAEEHT AT OICLERERELET S,

T K s
jreESi - - e
IV ikt EE 0000 A KU — A o | pom Mok | sl | 7 L— A | ke
il AL <
e sl DORHC | DA | L% . -
N il 1%
ACIE 5
204 4 15 1 8 8 8 4 4 424

4.3-10 YEFRIERDOIERR

43.4.1 ﬂﬁ%@ﬁ%ﬁ%‘%?& (earthquake_early_warning)
X 4.3-11( HFREHEARAE WO 2R3, BEAF OTSMFIZ BT % fL3R TG # (680" > 1)
@5'6;5204E v ML T D 2OV GE O MR BN E AT WA 2k D 7o O Ol & L TRy
EL, MORBICHW RN & L5, #I EJET O X Lk O B HGE CHUERBI ARG
WMELETDEODOACREZEIHEEL VWG AIX, &8y M'ET 5,

Ll o AR % 65
HER B R R
ACE =
204
B 4.3-11 HIREVERFEBROMEK

(# )
R34 B H B3I BN K 0 L AR MR OB BT D BT R D B
RN ERIE WA PP E D BT 2 ZVIREE BTSSR E T A THEOET 5 & X
HFRENEARIT A BLE T DALE 2 E» D HEI BN Sz,

YEHET L B a3 VIEED 9 BT U OVIGEICBE T 2 55 O (FRk 23 E%’*’A‘a‘%é\
B 8T B) B 22 & 2 HICHET D MEBERIFRARIET L7200 AC Fx
ZOFEIE DR A B HGET A, BB T, UHEIC Y% AC B0 155 & &iX
JEARFEIR D JEEE 204 By MMZAC VU RLERIET DI HD ET 5,

1: i b7 LTr L BV ViEOEE RIS ARIB STD-B31 @ 3.16 T
REDH AC(Auxiliary Channel) &
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4342 A U —LFljl(stream_type)
relative_stream_numberfgiZ, A U —ANRTSTHAMNTLV TH D0 Ziksl T H1E >
FDZ7 4=V RTHDH, BEORE L, frame_type THRTE SNDHIKLEA b U — 25k
1595, FERIFLIEY PO T 4 — L RTHY, TOMEEFKL3BIIART,
relative_stream_number(Zxthis 7™ 5 fEIIZ A b U — AWV | stream_typeDfE L, 1!
L%,

#4.3-8 A MY —ALfER]

i Bk

0’ TLV/XT K

1 TS/ b
ELITA B U = AR ENGS

(B2 H)

JEERTSMFDO A A vy MTIETS/NT y M ETIIHF S NTLV N v E O W n
BEZETHIENTED, 20D, HFARy MIZEHINTWDHIESHERZRT
LMEND D, TORTITHGA U —LF SIS T DA U —AF 05 2= E,
TROHBTLV AT > ROLGAEIZIF0, TSNy MEITA B Y — AR ENGA I
DEEZHWLZ & Lc, Z2hbi, #HFA N —AFZ T 262, xR
(stream_status) & A HOETHW D

4.3.4.3 HERPEHEE O (group_id)

[(44.3-1212, PR BEHEORR ORERL 2 R T, JLIRTSMF &2 AR5 T D Mk & & etk
WREZ TN T D RER"d8E Yy hDT7 4 — /L R THDH, HOITHN W L ET 5,
BEMEEEE ST R TBREINDIFEA Y —AF, ZhEn—2OMEEIC R T 2
MR DA TREET D, — DDA Y — A EEOWEERZE T2 > TBET 5 2

ST LAw,
WS RE D TR
8
X 4.3-12  WEEFERE OB DRERL
(B )

W HEORINZ LD . ZEWIZA N —LZ2H/AEL LD LT L&, EOEHOH
B EZETLI O EZMD Z LN TE D,
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4344 HEIEH OFE(number_of_carriers)
B 4.3-1312, Wik ORI 2R3, BEEIREE s S0 BRI R T D ok
WO A RTBE Yy hDT 4 —/L R TH D, EDR/IMEIT2, i KIEIZ255LL T Th %,
fif'034s KOV T AV VR,

PRSI DR
8
X 4.3-13 #REIF ORI OER

(B )

AR, B HMEIEEZE TN D TR TOPWRE 2RI D 72012, Sk %
ol U CHRSIBE DR Z L L D L5 & &, ZOMBEREZE N AL OREK
EHDHZENTED, AM—MBHOED WEICBET 2HINAEL ED LB BT, 77—
TT L E ORISR O JEIRE N ED HI TV D, 90 MHz)» 5770 MHz O & |25 F 3
L —7NT L EOHIERORITIBH D, D7D, 8y DT 4 — /L NIZ XKV &
KAE255F ClEA T 5 L HIC Lz,

4345 #REH ONES (carrier_sequence)
4.3-1412, WA DONEF 2R~ T, ZERTEBOMER ZER LM hrs, A
M) =L ZHAETDHEDOERDIAFT27RT8E Yy hDT 4 —/L R Th D, D H/IME
31, RRMEIZ255LL F TH D, 0TV,
W DNEFF
8
B 43-14 $REFONEFF DORERR

(B )

ZAEHEIN . BE O THEIL TBESNTVWDH A M) —A%, TOA Y —L4
ICHAT D L&, BT H-ODIEEEZMDI=DIMETH S, number_of carriers®
RIS ST D720, 88y b7 4 — AV KEHWAZ L& LT,

4346 7 L — 2% (number_of frames)
BHERARE T RZB W T, EEOIRTSMF Tk ah s 7 L—2a (BUF, A—
R—=T L—A) ZEFT D, number_of framesit, A—/R—7 L —AlZGEND, —D
DOWEEW DILETSMFOE A RT4AE Y FDT7 4 —/L FTHY  FDIEEFE 439757,
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64 QAMDHEER: Tld, A—/3—7 L —AI3ODOJLIETSMFCHERL S 115, 256 QAM
DL Tl A—/3—7 L — AT 4DDPLIETSMF TR S5, & DM OEIIARTE

#7950,
# 439 71—
fiEd AR
0x03 3
0x04 4
Z DA, RIEFE
(#H )

WL R ER S RO R DR N E ENDHE. TNTNOBIREEN R D
72, BEOWER THEL TEESNTVWDEA M) —AZTDOA M) —AIHAET
HEE, HAZREIELZ ENMEIIRD, TNEFEBRTHOICA——=T L —
LEBAN LT, ZEETEMEE ARG SEL7-0120F, TEFNDOA—/—T L —
DY A XEHDHVEND D,

MR DOIBEMEEZZE L., 7 4 — /N ROfEk A4 Y FE LT, A—X—T L —ADE
EEJERKISETHATEDL LHIC LT,

4347 7 L — A& (frame_position)

[X14.3-1512, 7 L — ALEE RO Z 7~ T, frame_positionix, M4F%ILIETSMFAS A
—R=T7 L= ANOMAFEHICEE SN TV D0 E R T MEFRTHY 48y bD T o
—/VRTHD, HIZ. A—"—7 L —LHNOFRFAIZIE BIX0, 2F BT, 3%FHIX
2 AFRIXIER VD, ZOMOMEIIRER LT D,

7 L— LB
4
X 4.3-15 7 L — AN EBIEROHER

(B )

FRO X HIZ, HEEOWEE THEIL TIRESNTNDA NI —LETLOA N —
DMIHAT DL E, MAZRY ST 2 ERNEITR D, ZEH TR OERH
NTHHA=NR—=T =L EZRYPSEL7-0ITIE, FRENADA—/S—T L—LDH
A RE LI, A= =T L= WONAAE Z 5 2 5 1= DITHEIETSMFR 2 — /38— 7 L —
LD EDNEIZ D D0 E DB DD, 64 QAMD LA OEIF07): 52" F TOHIPH,
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256 QAMD G EIE'07) H'3E TOHIH & 72 5,

4348 REFHE (reserved_for_future_use)
[(14.3-1612, HLIRIGHRICISIT D REREIROMER Z R T, FERFIH DD 2y M1
e R

RIEFH
424
4.3-16 REZRMBIXOERL
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44

AR ORI BARE DB S AT DLk 7

{RIEHE R S5 JE s, 2557 & OISO #imki2iE, NIT(Network

Information Table)23H\ B AL 5, NITO FRR 1 O fEiE2 2Bl i S 2 BEAF O A BBl v
AT KRR CUE, S O ER L, RV ETEMS TR, AWM. v ARr L —
N EOYIREIFTRBIEE SN D,

B AR E T ROE S 2 ZIET H120121%, EURDSE SN =Kk oY s
PEIE R, AL DML R ORI (group_id) 3 L VT L — AT E T (frame_position)
TR DLENRD D,

AKFAXATHEH L CARBEEMEERRESE Y AT AR
(channel_bonding_cable_delivery system_descriptor) % &34 % , A S-SR DL 1 An 126 25
VAT DGR F O OV o H w7 A, ENENNAA-1KROFRLA- VR TED &
T 5, MK LAL—TENIZ, JEETSMF~ > Z N dOnumber_of carriers& 4 L1y, /L—
7N DJIEF 1 Xcarrier_sequenceDlA & 5,

f%é
_H

)

Rt F| ECabF RS | OXFF | #ETL—L | 55| £ | P URIL| AFS| group-id
27 | R BXES L—kr
@) ®) (32) ®) 4) (4) ®) (28) 4) @)

#BYRL

B 4.4-1 BHEERERCESIL Y AT LB F OB
(BRH)

BHIR LA E S ROE B E2ZET D702iE, EURSEIC AWV D SR o P
IRIETE ., AW O WS AE O (group_id) 3 X O 3 O JIE - (carrier_sequence)
R DVBEND D, EDIZDABEEIR B RE DB AT LFtikFI2 kY, Znbd
DOIFROFER A FIERIC LT,
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F 441 BHREFWEFEEHE S AT AEERFOV U Z v T R

T — 4 B! ty | =—F=v
K Z
channel_bonding_
cable_delivery_system_descriptor(){
descriptor_tag BICICERT DX 7fH Ox** 8| MERL
L
descriptor_length 8| fFE72L
I
for(i=0;i<N;i++){ N=number_of carriers
frequency SR 32 e M
reserved_for_future_use RIER 8
frame_type EA W AVEIN T 4| FFel
B
FEC_outer I 4 v
modulation 2 8| bk
symbol_rate TRV L — b 28 v R
FEC_inner Oxf 4 £y K
group_id 8 By R
}
}

441 JE % (frequency)
ZHUERE Y hOT 4 —)L T, 48y NBCD=— R8iT T2 £+, AIRIEL
VAT LFRIR TR, IR, & BT R O ER L CEAMT OB AN E T D
MHzEAL TR SN D,

442  SZET7L—LEAGES (frame_type)
ZHIFAE Y DT 4 — )L RT, £ 44214 t->TEET L—LAEROMER A FE 1T,
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# 44-2 HETL—LHRES (frame_type)

il (@7 L —bRk, BRRZEA N —2%5]

0x1 [53. 15]

0x2 (53, 15]
BETSEE SN TZETE RN

OxF TSk 52

Z D RIEF

443 45 (FEC_outer)
ZHUFAE Y FDT 4 — )L R T, RALAIIZNWES THMFEERT,

* 44-3 A5 (FEC_outer)

FEC_outer (4M75) Ok
0000 RIE %
0001 SFIT7a LY
0010 RS(204,188)*
0011-1111 FREHDZD Y =7

" OPRK 23 AR TR 312 IS L D
444  Z5H (modulation)
ZHUIBE Y P DT 4 —/b T, RAL-AIE > THMOBLY AT L TH S 2 &

WIE=N7 N B

*F 4.4-4 ZFH (modulation)

P S
0x00 fEE
0x01 16 QAM
0x02 32 QAM
0x03 64 QAM*
0x04 128 QAM
0X05 256 QAM*
0x07 1024 QAM
0x06, 0X08-0xFF Pk D72 U —7

PR 28 B R 312 Fl K D
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4.45

TRV L— K (symbol_rate)

ZhiF28y 7 4 —/L RT, 4 v RBCD=— R7#7C. & BAiMiT L W B L TH
SHT D% A D3NS L 72 D Msymbol/sEAN. T v kL L — MEZ KT,

446 W45+ (FEC_inner)
Iy FDT 4 =)L R T, £ 4451206 > TRFF 2 RT,
DT 4=V ROMEIE ‘1111 W95,
# 44-5 WRS (FEC_inner)
FEC (Nff5) F=NUS
0000 RIEF+
0001 FFr bR 1/2
0010 FFofbER 213
0011 B b= 3/4
0100 75 5{t# 516
0101 R et 718
1000 ISDB-S 5 (TMCC {8 52 #)
1111 W78 L
0110-0111 , N
10011110 PR DD Y —7
® SR 23RBS A SR
447  group_id (HEEHAEDFER])

312512 L%

Z DPLIRTSMFZAn 53 D RS 2 & ool B it 2 3% 8 3~ A 152 ~9 88y b~
4=V RTHD, [EITH W L5,
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45 BRI Rk S T AF 5 D& R FIE

45-1 [CTSOFMEIR 7 —% —fFl L LTRT,
TLVDOFEFIEIR 7 0 — 2o\ Tld, ARIBREUERIRK & HLE R ER IR 5,

>|| Btk
| FUrT—oEHRER

J
| xuro—sER |

fts
| xor—o88 |
2

N2
| BERIBBNTE)RE |
J
| BatHER |

| @RFroRILER |
v

| AFU—L-RFBB |
[

PMTXAE
SR
SRT LEHID?
ECMZ{E
SERA
R R AE?
| BHERESSE |
v
[(Eax ][ onna
J J

45-1 TS ODFEAHBIRT7 u—
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4.6 TLVE 5 DOYEETSMF~D % EAl,

PIETSMFZ EALEERE 1L, TSIEB ASIAR— MIASH LETSES S L IEZTLVE S A
HHR— M AN LIETLVIE S 2, $LETSMF EDO 2 v M2, ANTSIESH LLITA
NTLVIE EOMSNIMEE R B Rn 5L L L, HhT252b0TH D,

46.1  TLVE5 DLk TSMF ~D £ HAl

ZENTATLVE ZICEENATLV-NITA Y —7 AT LE xRy hU—2 (Hxv b
J—27) HOLDOTRWEXILZ, ¥—7 AT LExy hU—2 (Hxy hU—27) W
ICEZHRXIZTLV-NITZTLVE S A LT T2 b0 L35,

TLVE 5%, AIERRTLV A v OEASTH S, IHIETSMFZ E(LEE T, TLV
Ry FEEERE (18834 k) OAETLV N7y MIE# L 20y MISET S, 4y
FITLV A ME, JEBHD3INA ha~y XL L, ZHUCHE< 18531 h &~ Af m— R
ET 5, KA6-LIZTLV AN v R ESEIL T, EITLV A v SRR S LD B E R,
A m— RiZiE, ESNTEBEOTLV A v EREENRDZELH D,

TLV/ 9 TLV/ N yk2
BETLV SOk |\ SEITLV Y ;|~ ’\iI]TLV/ s J|~\
X4B—k RAO—F Rq4BA—F
N LIS - LN =T LIS
amTLY 185/3Ak  sETYy 18584k AR 185/3Ak
Nk AC T 7
Ny ~yE ~ ;
3754k 3754k 3/i{*(l~

4.6-1 53E TLV X4 v RO
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N
73

&
]

| TLV /37y N O A X 4.6-2 12RT,

FIHI A M, 0x47 &35,

NTZUAR—= b 2T —A T r—F—%, 5 TLV X7y NADOE Yy h=F7—0DF
Wi T7I7EL, 1 D&, A Ebl By FOFTIERRERT T —H%)
BITLV R > MCFET D Z L5 RT,

TLV A RBRtEA o —2—1T ‘U OEx, ZOHETLV Y v RO~ o —
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2. 1. 1. 5 WA WERMREOHFE
BATOTF 2 AT LEY a ViEFREFR UL &4 5,

2. 1. 2 (&AM

2. 1. 2. 1 ANEBOHMHE

IBAPSK (/DG H D~y R ROANEGAIZBIT D ANGEEFOFRME, £2.1-10Lk
DEeT%5, FOMDEZIL, BUITOFZLEAEMTLEY g VEFRERL &4 5,
—16APSK (9/10) 15 512 DWW TITE RS,

#£2.1-1 ~v R RO AT 5 ATIME 5 DS

2t
Xy — . : — s N
MBS 7V XV E i B e CS 7 2 Z Vi
. s BEREIZ X DR D FIE A IZB W TR 99 /X—1 o h DFER T, ~v Fx
EEkEEOV | i
LM L > KA CN i 21dB 2L E [TBD]
) H _ . ~ G A
o &; o | TR Sy RS EANEEDS, Moy xR b
~) =
ICBWTIRIESINEECITEx L,




2. 1. 2. 2 #EEoEREK
BHATOT P2 NVAMT L EY a VI TR ERI L ET5, 72720, iR ETHZ LI
KO HT— RN ROFNEHZEBAREL T 5,

2. 1. 2. 3 oL H%

2. 1. 2. 3. 1 #HEHEoOLHFHOMA

[TBD] 16QAM, 256QAM, 1024QAM, 4096QAM % %7 ¥ U 72250 5\ & 5 OFDM £ff & 35,
<Z I YT Xy U T AR E G RALROMAEREED ITU-T #d J. 382 FXNOWNE % B
FLT D TE, J.382 o% T Xy U TG D 256Q0AM, 1024QAM, 4096QAM (4/5) |
4096QAM (9/10) 12431 F CRLR 325 FH#t, >

2. 1. 2. 3. 2 JEREHOE

BERT VA NERT LEY a VIEF OB FEEET SR (LT MBS &
Do) OWEITRK 338MHz, HARITT UV F NVHEEDOIERESXUHE U7 6MHz &35, Fo,
FEEETAHZLICK VT — PR FOEERZFERAIREL T 5,

EERRIEL, IR 5. TIMHZ IE 6725 T — X AT 4 A% 1o, b L FEHGERE L-EERE
MELAYTIM 7 L—A (LLFC2 7L —AEE)) #EETH, —FH., ZEHEITYZC2 7
L—AEEDOHNLIEDT —H AT A4 A% 1 DL @R LZET D, M, C2 7 L—AKN
DT —H AT A ZEECWIR I DOIFWIL, L1 7oy 7 NO> 7Y o 7 &Ik
MEhd,

2. 1. 2. 3. 3 FVITEHFKX

AFE T oAb )T U, t-= 7 —FTIE BCH (N, £,.,) £ 75 Z 45 BBFrame (2 L= 7 — R
SNy EAERT D, Ny, = 64,800 D BCHHHD/RT A —HEHK2.1-2@)12, My, =
16,200 D/3NF A—HF %3 2.1-2(b) 12T, t =7 —FT1E BCH fF 5 b DAL IAR ¢ (x)IF,
Nge = 64,800 DEEITFE 2. 1-(a) . My, = 16,200 OFAITE 2. 1-1(b) IZH YO t HD
ZEAEZFERE L THELNLD,



# 2.1-2 (a) BCHZIHA (@% FEC 7 L—2A Mdpe = 64 800)

g1 (x) 1+X2+X3+X5+X16

g, (x) T+x+xd+x0+x6+x8+x16

gq (x) T4 24503 by O oy T3 B4 945 1045 114416
g, (0) | 1+xZxtxOx9+x  Lax 1244144416
8:(x) | Ttxrx2+x3+x0+x8+x9+x 10451 14124416

gg (x) T aB e TS O L 0y 1245 1345 144 154 16

g7 (x) T+x2xO+x0+x8+x9+x 1 04x L +x 1345154516

gg (x) T+xtx2+x0+x0+x8+x9+x 1245134 114416

8o (x) | 1+xPxT4x9+x104x 114416

210 [ 1x+x2rxOx T+x8+x 1041244 1345141416

811 () [ 1x 243 x0+x 9+ x 1 L4 1245134416

819 () [1x+a0rxB+xT+x0+x Lx 124416

# 2.1-2 (b) BCH ZIHA (% FEC 7 L — A Mdpe = 16 200)

9,() 1+x+x3+x0+x14

9,(x) 1+x8+x8+x114x14

93(x) L+x+x2+x8+x9+x104x14

94() L4xA+x T +x84+x104x124 514

95(x) 1+524+xA+x04xB+x9+x 114131414
96(X) 1053 +x T +x8B4+x9+x13+x14

9,(x) 142404+ xB4+x T+ 1045114134514
g0 135 4xB 459451045114, 14

9g(®) 14x+x24+x3+x9+x104x14

01000 |13 +xBaxO4xllixl24x 14

01100 [Trxexlloyl2yl4

912(%) 1xHx2+x3+x0+xB+x T +x8+x10+x13+x14

BHE Y N M= (ng, Mgy 2 M @) 353U T ¢ Bk BCHFEC 13D & 9 1245
BY (T

Ayt —UBAN nk) = myg,  qxKoen™t Fmy oxKben™2 + iy + g, % Nbeh =Kbeh T
RHET D,

xNoch=Koeh p(x) %2 . AR % EH X o) THRE L EZEHO RS L HEA A
d (x) =y, -y g1 X" 00 KbDTE L gy d, b LTeE . EOREO By RN BCHFEC &
%%,



W5 5554 7 20%. LDPC 45 & L. LDPC 421 bs#siX. BCH Bk I =
(i, igs - oy iny 1) BHA R Ky, = Ny OFRT 0y 7 L LT, YA RN, OFF53E A
IR T b5, 22T

N= (g, A, Az, - -+, ANlde_l) = (ig, i1, .-, ikldpc—bPO:PLPN]de—Klde—Q

LDPC 755735 A =4 (M., Ky, )%y 3 2.1-2(a) B L () ISR T,

® LDPC 451k
FFRALEE Kgye TOTEBRE ¥ N (o, by, - s ligpe-1) 2D Mgge Kigge OSV T 1 27 b
(po; Pis---> ledpc_K]de_1) %?U\—F@iﬂlﬁfﬂ%ﬁ?*féo

> Po = P17 P27 T Puigpe-Kigpe—1 = 0 (CHIHIET D,

> MIST DA Ty 7 ARKD ITTRIHRESINTNWDA T v 7 R ky e FFoox
U7 4By MIRMDOERE v b 1, ZIET 5, (HT X TOMEOITHEAh AR
o Flo. AT I R%E Qu I L ;2 NET 5, Z 2T 11X 181 E 360 #iii

DEEHTH 5,
Px00o=Pkoo® 7o Pxo1=Pko1®71, .. Prowo~—Pkowo® 1,
Px00+Q=Pkoo+Q® 7, Pxo1+Q=Pxo1+Q®7, . Prowo+Q=Pkowo+Q® 7,
Pk00+Q1=Pkoo+QIP 7, Pxo1+QI=Pko1®7, . Pxowo+Q1~Prowo+Q1P 7,

> [ARRICFFSA T v 7 ARD IHIATHIZIRESINNTWDA T v 7 R k% Fio/N Y
T4 E Y MIRPIDBIRE Y N Iy BT 5, 72, A1 0T v 7 A% Q] R
L 4, ZMET5H, 22T 1% 0LLE 360 K0 <TH 5,

TRTOFHRE Y FPLBESINTE T, IROFTIEIZ L0 BEERA) T4 By FARLN
60

> WROWEEZ, 1= 1 0DIEICFETT S,

pi = pi@pi—li ‘Z' :]’ 2’ LR /v/dpc_K/a’pc_ ]

. Qe DIEIELL F ORDIEY

1 ETSI EN 302 769 Annex A, B 24 % Table A,B #& R
_ 5 —_



#2.1-2(a) EE T L—AITRT D6,

RS frs Qudpe
2/3 60
3/4 45
4/5 36
5/6 30

9/10 18

#2.1-2(b)  HHET7 L — BITNT D G,

AL Qidpe
1/2 25
213 15
3/4 12
4/5 10
5/6 8
8/9 5

2. 1. 2. 3. 4 THEHRFEHTE
BATOT DA NARRT L EY 3 Uk RICB T 2RNEICNZ T UL TORELBINT 5
ZkET5,
- BRAGF e E LT H. 265
s MG A7+ —~ hE LTUHDIV 74 —~v b (4K + 8K)
« BEG AR E LT MPEG-4 AAC K TONMPEG-4 ALS
- fadi & LT ITU-R BT. 2020
« 27 Z 7N E LTAES KO Camel lia
- ZEA k)AL LCMT - TLV

2. 1. 2. 4 EEEOSM
2. 1. 2. 4. 1 WeXEEORKEOHRFE
[TBD] #E5 D JE I 5 D FF B 72513 = 20kHz * LI & 35,

2. 1. 2. 4. 2 ~y RV ROELHEDANGG T 0B AGE Wi 1 F TORRE JE R
P

[TBD] ~v Rx o ROIEEFL D AN+ 5 ZAEH W+ £ TORE BB BAET ., st
B hls &35 6Miz OFARANIZIB VT, YL O B L % LW EREOERE O LV
L EFMEL LTEGEICBWTE3B LN ET 5,



2. 1. 2. 4. 3 #EHEOL~L
[TBD] #5i D2 T EAEHR D I mfE IS 2 Lob (LUF RO Lr] g

PMETRT,) X 1uVAE 0BV & LTRIMENR, RIZHIT UL D A DfELL B DfE
UTrET5,

A=60+10 log,,(Z/75)

B=85+10 log,,(Z/75)
< T 256QAM, 1024QAM, 4096QAM Z 07 X%+ U 7 T L D L~ULRIE & 3 5 5, {5 L, 4096QAM
£ 4/5,9/10 THF 5 TiE, >

2. 1. 2. 4. 4 #WEEOL~LDOEH)
[TBD] #skiz > L~ LB 8L 1 SR8 W T 3dB AN &4 5,

(PRZ23EE T35 AR E o H i 12810 5 5:44)
HBEEDLEEBD,

2. 1. 2. 4. 5 WEEOLVVERET HMOT X NVERT LEY a Uk E

o TWAEBRT LEY 3 U HEESEOWREE D L~ L L

[TBD] A7 D 1024QAM DHHEL D L~V L F O H VAT L E Y a ko
256QAM DRI D L~V & [Al— & 3 5,

Flo, W OF—F—%—D LIF b HICEWMER DOy 7 A7 % 6dB LIFHZ & &35,
<1 THEAEbRET 2, >

2. 1. 2. 4. 6 WEHEOLLEMHEFTDOL L EDFE

[TBD] #E D L~ UiTsxt T D HEE (~y R ROIEZEFIE D N T35 0> 6 A5 b 1
ETOHDTH > T, Yk o fEI A s &35 5. TIMHz O 8 ECE O#FIFHIZ H 5
RTOEDIZRS,) DL ~ULT-39dB UL T &4 %,
<1 256QAM, 1024QAM, 4096QAM % ¥ 7' ¢ U 7 Z L @ CN ik € & 9% Jidt, 1 L. 4096QAM
£ 4/5,9/10 THF 5 TiE, >

(PRZ23E B 325 BB E o H i 12810 5 5:44)
HBHEDLEEBD,

2. 1. 2. 4. 7 $WEHEOLLEPEHRDOLYLE DE

[TBD] #i&i D L~ /239~ D555 (~> R ROBAETWE D AT 15615 b A5 H i
FETOHLDIZIRD,) DL VLT, B—ERENEOLEIZH > T EFHFRNIZIE N T
-30dBLATN & L., =K AELEMRLDBEFEDEEITH > TIEK 2. 1-1 (2”3 fE-43dB (TBD)
UTET 2,
<1 256QAM, 1024QAM, 4096QAM % 7' ¥ U 7 Z L @ DU ik € & 9% Jidt, {5 L. 4096QAM
I 4/5,9/10 THIFHTE, AL, 7 Hu i EKERHEE L7284, CTB TOHEN RV
IFERE, (T — X B >

-



Ty NEE

WXL < H
CHEZEH -10- E
L3 BEHO 5
LA EDE f
(dB)  -20- :
BB A=Y

-30 - :

0 s ?

e I SRCEEER ; =

L (MEZELE) | |

-50 | I :

~5.8 =§ 0 +3 +3.3

X 2.1-1 ZWRIAAEZEFEDORE

2. 1. 2. 4. 8 #EWHEDO L)L EYEIREP ORKFIZ K DEMIEO L)L & D7
[TBD] #E5H D LU %t 2 Yighsilk O S (o~ K= ROETIE O A T85>
OZEFWMTETOLEDIZIRD,) IZLDEBIEDO L~IUIEK 2. 1-2 (2R 3fE-30dB LT &

T 5,
<1 BT 256QAM DL D LR CIZT 5 5k, 10us T-35dB #4HE, >

(dB)
w4 <

FLeN{ETS
WMXEO L~
nEXHZWE -20
HEORE I
BRBEO L~ |
nEDE -80 -------- g i wa s e

0.25 0.40.5 0.7 1 1.5 2 3 (CHEER)
FUINEERMBRCHTINZIMEFRORHFICL ZBEED
EERFME (us)

X 2.1-2 EHE OBRE
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2. 1. 2. 4. 9 ZEERICER T 5 EMHIC X Dt 0280 E
[TBD] RDOAUT K HEA-30dB LT &5,
20 log,,((a-b)/a) (dB)
a IS DA TR ELAE AR D fie i s B 1T D IRIE & 975,
b 13RI DL RSO RAR R BT DIER E T 5,
<1 FEEAEAAL v F U TERICBITL CODERNG, ARIL D ESORMBIINCT H Z
&b B >

2. 1. 2. 4. 10 ZOMoERKOOTH
Z DD ER K NOT I (T b~y R ROWEFHE O AT+ 0625 E i+
FTOLDIRS,) ITFT—ZICEELE2 WD LT 5,



3
3.
3. 1. 1
3. 1. 1.

. RO T (ITU-T 45 7. 183 $4iE)

1 JEARESE DKM

— WS

1

A»*?t’ ﬁg

AR s3I DES CE

BATOTF 2T LEY a ViEFR LR UL &4 5,

3. 1. 1.

2

A 2D

FATOT VS AMTRT L EY 3 B FRE L LT 5,

3. 1. 1.

3

A5 v TR S Bl AE

BATOF S A NERT L EY 2 U IEF R ERAL L5,

3. 1. 1.

3. 1. 1.

4

5

ZAZHE I BT D F Ot 54
BATOTFT 2T LEY a ViEFREFR UL LT 5,

R A VR SRE DO FFAE

BATOF A AEHRT L EY 5 VR LR LT 5,

3. 2. 2
3. 2. 2.

16APSK(7/N{E D~y = RO A5 1128
D LI 5, FOMDIEET

[EEIEESGS

1

UL EREAE S

—16APSK (9/10) 1§ B 1T DU TIT B AR ES,

TFAATMEZFDORMIE, K2, 10LE
VHATOF R AERT L E Y g Uk R ERIL T4,

#3.2-1 ~vy Ry RO AN BT D ATME 5 O5RM
2t
Xy . — — N
= BS 7 U XV B FE IR, CS 77 O 2 VIl
. - BEREIZ X DR D fE A 2B W TR 99 /X—1 o h DFER T, ~v Fx
fE 7L o L

AL L HEED L

AL L DFE

>~ N AJJ CN t 21dB UL E [TBD]
7272 L, ~vy R=> KAJIE 5D,

RW kS o CldEx =

D~ R RIEELE ) & g A

&O

3. 2. 2.

2

W5 0D e

BUTOF VS NART LY 3 UEHRERL LT 5.

3. 2. 2.
3. 2. 2.

3

3.

PRI D 22 I
1 m%&@ SR ORI

BATOF ANV ERT L EY a VHEELFRER L L5, 20 R b— MR CH
HMLTWDH D LT D,

_10_



3. 2. 2. 3. 2 JAWEEEEOE
BUTOT VHANEMT L EY a VA FREF L E T2, 272 L, HEEOMERZ AT
EkdT 2L ET5, YURLL— MIERMCRBILTWD LD L35,

3. 2. 2. 3. 3 #MmITEHFR
HITOT A NVEART L EY g UIETKER T &4 5, v RL b— MMIEEE CH
HLTWwasbo L35,

3. 2. 2. 3. 4 EHRFE/HFESE
BATOT DA NART L EY a UEFRICB T 2NEICNZ T UL TORELZBINT 5
ZkET5,
- BT S b A E LT H. 265
cBRE AT T A —~y FELTUIDIV 74—~ k (4K + 8K)
« TEG ST E LT MPEG-4 AAC K ONMPEG-4 ALS
- a5 & LT ITU-R BT. 2020
« 27 77 NJEE LT AES KO Camellia
- 2@ k)7L LT MMT - TLV

o, BEREBARE T NOAREHEE 2> TE, BLTo#Ey &5,

(1) VEBETSMF£LE 7 L — A~ & (Extended _TSMF_header)

JEBETSMEL EH 7 L — A~y X ORER & [X3. 2- 112 R, FMEOMEIT. R ALy N &5k
BEE L CHINT 5, T2, O WEIZZF0fEEO ey NERT, LR, [FfEE T 5,
JERIG LA OIE R 2 ARG R & 95, EARGROMEKIL, TSMF &R TH D,

N ZE | E | Avy | BT | EAE | AR PLARTE CRC
vy | Zb— | B | ME®R | AN | HIEE | U —2F
~v | AR |15 U — 2% W 5/ An
74 E5 | = RIS NP 9T
W 15
32 16 3 21 480 32 208 680 32

[X]3.2-1 YEAETSMFL B 7 L — L~ X DOFERY
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OV v 7 A (FafbT —2FOHA)

#3. 221 A R T,

#3.2-2 EETMFZE 7 L— A~y XD B 7 AREEE

(4 #7)

INT o by S

frame_sync

version_number

relative_stream_number_mode

frame_type

stream_status

stream_id/original_network_id

receive_status

reserved_for_ future use

emergency_indicator

relative_stream_number

()
R XA k. frame PID. X OV
L& 7 L— AFHIER
PAL R =T
Ay EEEO X
L8 7 L— LTERD X
FARFA N Y — AFEFITxT HA6%), iR
FRBIF S FERE A N U — A F Sk S
~vy RZy RTOZ(GIREE
RIAEF
BRAgRiE R

XA B U —LFGx A vy b s fEH

=

PEFEER

earthquake_early_warning | Hi B35 <7 2 Uik o HiER B 1
stream_type A N U —AFER] (TS 721 TLV &2 X))
group_id SR DR

number_of _carriers s IR 2 A Rl S 2 ST DRI

PLARIE : oy - .
carrier_sequence 3518 DR ) DA RiIE
number_of frames JE3E TSMF O 7 L— A%k
frame_position L3R TSMF @ 7 L — AL EF
reserved_for_future_use | FERFIH CREH
CRC A0 R
71 MTSMF ZH 7 L— Ay FTIBINE 3w T 285

OWEBE TSME D> > & > 7 A

3. 2-3IZHLIRTSMED > o B 7 A% 77T,
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% 3.2-3 EEE TSME D> > & v 7 A

VAT A vy MK =—F=v7
Extended_TSMF_header (){
sync_byte 8 v b4

‘000’ 3 By R
frame_PID 13 P LB

‘0001’ 4 ey R
continuity counter 4 e LB
reserved_for_future_use 3 PP i LSS
frame_sync 13 vy R
version_number 3 P51 UL
relative_stream_number_mode 1 ey K
frame_type 4 P UK
for(i=0; i<N; ++i){ N=15
stream_status][i] 1 By R
}
reserved_for_future_use 1
for(i=0; i<N; ++i){ N=15
stream_id[i] 16 P LB
original_network_id [i] 16 e LA
}
for(i=0; i<N; ++i){
receive_status[i] 2 vy R
}
reserved_for_future_use 1
emergency _indicator 1 By R
for(i=0; i<N; ++i){ N=52
relative_stream_numberf[i] 4 P UL
}
earthquake_early warning 204 v b4

‘0000 4 ey R
for(i=0; i<N; ++i){ N=15
stream_type [i] 1 v M
}

0 1 vy L
group_id 8 P LR
number_of_carriers 8 P i LB
carrier_sequence 8 P LB
number_of frames 4 Pt UK

_13_




frame_position 4 P LB
reserved_for_ future_use 424
CRC 32 R JE LB
}
O At
C Ty by S
3.2-21Z,

NIy by B ORERRZ R T, NIy sy T 5328 Y M,

VBT AETS/N y b EFRIZ U CUHEETSMFS BT 7 L — A~y X BTSSR R &
FERRICTRZ D L HICLTWaA,

A3 b %7 L —LPID R EFR
0x47 ‘000’ ‘0001’
8 3 13 4 4

3.2-2 Ny b~y X ORERK
c ZE 7 L—AFMEE (frame_sync)

[X]3.2-312, ZHE 7 L —ARMEFORHKZ~7, frame_syncid, 138y D7 1 —
IV RTHAH, FOMIT. 0x1A86 L U JEIETSMFLE 7 L — AHIZE Y Y N EKIEXH 5,

s U7~ frame_syncDfE I, 0x0579Tdh 5, frame PIDE & HICLE 7 L —Lb v X &
T DIZDIZHND Z LD TE D,

L ET L — ARHE R
13
X 3.2-3 ZE 7 L — ARHER O

RIEFR
3

« ZBHIER (version_number)

X3. 2412, BHIEROEKZ 7R, version number|E., JLIETSMFZE 7 L — A~y

FOWBICEE D D> EBETIT ORMT 538y hOT 4 =L FTh o,
version_numberfHN R KEDG G IROIEIF0x0E T 5, JLIRTSMFLE 7 L — b~y &
DIFHMOETE LARIEFR Y 2 KB 572 DICHHTE 5,

AT R DR E 7 A EE L. version_number @ EH % 2> & JL9E 1F # O
number_of_frames £ CTOMEIK & 35,

IR
3
X 3. 2-4 ZEHEFEROER
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« AH

v MEH

[X]3. 2-5\Z A 1 v MEHRDOHEKE T,

b FAXEA B U =2 | HEREA B Y — 2 FXF A B U — A
.
ZET L — x5 #H 5 G
LRAERED) L J‘ﬁ J‘ﬁ ...... J‘ﬁ RE
- N 72w 1icx4 % 21495 151259 %
AR, R | A, WA B, W
1 4 1 1 1 1
4 3.2-5 A v MEHROHERK
- AT TG
[X]3. 2-61Z 36315 HI s H O Rk 2 7~ T,
AP A R U — | FExEA KU — FEF A R U — 2
LFS LK | AFH 2R | e LEFE TSI | RER .
THZERE | T HZERE T B ZIERIE )
2 2 2 1 1

[X] 3. 2-6 55215 il fE 1 B OHERL

- Z{ZIRHE (receive_status)
~y R RTHEA MY — A (ISELIXTILY) OZERELZ RTRTCHDH, ORI X
I, frame_type CIREINAHKREZEA MU —2%8 (=15) L35, FERIL, 28 v
FDOT7 4=V RTHY, TOEEFS. 2-4RT, RAIOERITMHR A b U —LF 541
WX Ly AFARSRE A B U — LB B ONEIC I S5, FEROMIZ, BUVVIRIED S E
VRREA, 7007, T017 | 10" DIRICKIGE S E D,
BB, TZEREBOERSZEEREOEINEL., EMN LOMELE T 5,

#3.2-4 ZfEIREE
i Bk
00" SIEURRE C 007 L 7 017 L 7 107 DIETRW
'01' DNV SEARY N F )
10
1 REFR

- A

i

#R+E77% (emergency_indicator)
emergency_indicator . 7 ¥ Z/VHED TMCC N TEHILT L A EENHITE O 1E 2 &40
T51 EYy DT 4=V RTHY, ZOEEES. 2-4TRT, T VX IVIEDEBOWETE

_15_



MOEDA RN —L%E—DDEET L —AIEELT-E X, WTUDOREE TR T
DILDHEGEIZ, emergency_indicatorid NEENHIHTHILTWD] 2971 &35, %[
PEEOBEITER FoMEE T 5,

#3.2°5 SRABRIE R

[ p= S
0’ ELENHIEI M T DAL TV 7R
1 EEHIEH AT DI TN D

cFHRFA R Y — A B A ey FPUSEHR (relative_stream_number)

(43. 2-712, FEXITSTE = A vy bxfISEROWR AL RS, ZEH7L—L0% A1y
MR S T2 TSETZIXTLVAE R » F O A ) — ALK 5 2R, EOKRE ST,
frame_type CIREINAHZEH T L —L K (=53) »"HZLZHT7 L —Lb~y X DAy MR
(=1) ZWULIMEET D, FERIFT ALY bOT 4 — LV FTHY | HOKR/IMEIZL, &
KX frame_type CHRE SNDHRKREZEA MU —2% (=15) L35, TSEZIITLVAEI
Ny NEBRLE L TWReWA Ry MIIET 2 BROMEIX 0x0& 5, ) DOEFRITIL
BRTSMFLZEH 7 L — LA~y X OEHZDO A1y MRS L, LT A vy MOJEICRHS S/ 5,

ARy Rl ARy R2 o ARy R3S Zmy k5l | Amy k52
(1S g AP ('S e B ks | e %A x2S
FxEA B Y| AREA B Y| SRR R Y FxEA B U | AR B Y
— L& — L& — LEE — L — AEE
4 4 4 4 4

4 3.2-T fHXF A b U — L% G/ A0y M RER O

- CRC
[X]3. 2-81Z, CRCOMERL % 7~ 3, CRCIL, CRUEZMEANT H72d D32y hDT 41—/ F
Td %, CRO[EIL, ISO/IEC 13818-1 Annex:BCEFTHTFT a—F|ITB N\ T, LHE I L —
LNy BD D BYTHD 4 34 R HBRWZ18431 R E LU AZICATILIZRO LY A X
HAONEalZ7ebETH S,

CRC
32
%] 3. 2-8 CRC DAL
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» PEORTE

[X]3. 2-91Z, YEEBHROW K EZRT, ZD7 4 —/L K (680 v M) (ZHEEM S R
BT H DI RERE S ET D,

Hh T N
. el d . . 7L—
IV H R A R —A | RS | RS | T L— B .
'0000" 0 | BEOR o | BLE | RERE
R T3] Ok | OIEF | 25K .
- il Rz
ACIE %=
204 4 15 1 8 8 8 4 4 424

X 3. 2-9 PLIRIEH DR

- MEEIESIEH (earthquake_early _warning)

3. 2-10IZ HIER B E AT SR OB 2R3, BEFOTSMFIZHR 1T S IR #H (680> k) @
SJEER204E y N &Ml BT U F NV HGE DO HIEREI S SRIE A LS T Ok s L TRE L, il
DRIEICHWRWZ & L35, i BT 2 Z OV HE O GE THUERB SR G A (mE T 57
DOACEZZHEELRWEEIX. Ry M1 &7 5,

i EW T T Vs
Hi R BRI )
ACE %=
204
] 3.2-10 HIFREHERIE RO

« A MU — AFER] (stream_type)

relative_stream_numberfEiZ, A B U —AMNTISTH LMLV TCH L0 ZikpT 518y FD
T4 —IVRTHDH, EOREI|L, frame_type TIHRESINAHAKLEA M — 25 (=15) &
T5, HFEHHZFTIE Y PD T 4 — AL RFRTHY, TOME%ZFK326I2x7 7,
relative_stream_number|ZX g A FEIKIC A N U — A NHEE WS stream_typeDfElX, 1
LT 5,

#%3.2-6 A KU — LFER]

i R

0" TLV X7 b

X TSN k
LT A N Y — ARG S
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- PRk RE DR (group_id)

3. 2-111C, HEIEWBEDOFRR OMERK & T, PEIRTSMF 2 fm it 3 D Wik 2 & okl it &
BRI HERETRT8E Y DT 4 =L N TH D, 5 0 FANRNT & &5, EEi%R
BEFATEEINDEA N —AF, ZNEIN— D OSSR REZIE T 2 P O A Tladk
T 5, —DDAN) —LEBEEOWEREHEICETDN > TEET HZ LI LRV,

PRIEPERE DT
8
%] 3. 2-11  HREPEREDFB] DAL

« WEIR DOFSEL (number_of _carriers)

3. 2-111Z, #R O A R, BEWEI R S D B IE IR T 2 sk ok
BaRmd8E Yy DT 4 — )L R TH D, HEOR/IMEIT2, R ARMEIZ255LL T TH D, 5 0 B X
W IR,

eI DR H
8
X 3.2-12 #RIEI DRI DORERL

« W5 DNESF (carrier_sequence)

£43. 2-1312, WX DN 2 ~d, ZEE THEHBOWEE A ER L s, A MY —
LuHPAETLHLDOEMDIATZ7RT8E Y hDT 4 — )L R THDH, EDOH/MEITL, i KE
([F265LL FTH D, 5 0 1TV,

eI DNE
8
X 3.2-13 HRIEI DNEFF DORERL

« 7 L— 24 (number_of frames)

BRI EIA X RN T, EEOILETSWF TR SN 7L —2a (UL, ZA—s3—7
L —2A) ZEFTH, number of framesit, A—/N—T7 L —AIZEGEND., —ODOMEH D
JEBRTSMFO$c 2 R348y D7 4 — /L RTHY . ZOfEZEFKS. 2-TIZR T, 64 QAMOPRENE
TlE, A—=X=T L — LT3 ODYLIRTSMF THERR S5, 256 QAMDHEESE Tld, A —/3—7
L — N4 D OPLEETSME CRERL S VD, EDOMOMEIIRER & T 5,
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#£3.2-7T 7L—2#

i F=US
0x03 3
0x04 4

Z Dt RIEF

« 7 L —ANLEEHR (frame_position)

[X13. 2-1412, 7 L — AL EIHER O % 779, frame_positionid, YiZHEFETSMFAY A — /%
— 7 L—LAHNOMEFEHICEE SN WS Z R EFHRTHY, 48y hOT7 41—/ KT
b5, HIX, A= =T L—ANOFMIEICIZFB X 0, 2&BIX 1, 3FHIT 2. 4&H
X3 Z2HND, ZOMOIEITRERE T D,

7 L— ALE
4
X 3.2-14 7 L — A EEH O/

- REFMEN (reserved_for future use)
[X13. 21512, HEIEBFHICK T 2 REREMROER Z~T, FERAHOD2E Y N1 &
15,

RER
424
X 3.2-15 AREFRMEIL DL

_19_



(2) ABEEMEREENEL Y AT Atk 1

BEECHEA S DB, BT EoWB Lt OFRZEICIE, NIT Network
Information Table) NV H L5, NITOFLIR ¥ OFEIR2IZALE SN DA FOF MBS AT
LG Tl R o E R, BRVETER TR, 2R, R — MEOYH
RIEFWMBEE SN D,

BEERE I R1E T DR 5 E2ZE T D72DITIE, EUREE S LT A5 Wt O W) BEAR 251 .
RS DRI AL D FR B (group_id) :FSJZU“7 L — ALETE R (frame_position) % %15 M
ENRDH D,

AKEXNTEIHEEICABRERMERRBEESE Y AT LR T
(channel _bonding cable_delivery_system_descriptor) Z EF T 5. A BE LI LI AR LS
Myx?bﬁﬁ%®%ﬁﬁwvy&yﬁxm\%m%ﬂm&}m&@%&%wvﬁﬁébk
T 5, B0 IRLL—T7HNIL, JEIETSME~~ >~ Z N @Dnumber_of_carriers &2 LV, /L—T7H
DNEF [Lcarrier_sequenceDJE & 35,

ek F| RadF BiKE | OXFF | BEIL—L | AR5 £5/ | >RV | RFS| group-id

27 | E BAES L—k

(8) 8) (32) 8) &) 4 (8) (28) ()] 8
BYIRL

X 3. 2-16 HEAEEHLIELDEL Y AT A3k 1 ORERR,
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#3.2-8 AMEEIREIRARE GBS AT AR D H v TR

T — A B! ty | =—FE=v
& 7
channel_bonding_
cable_delivery_system_descriptor(){
descriptor_tag BIZICERT DX 7 Ox** 8| FFE72lL
I
descriptor_length 8| fFe72L
I
for(i=0;i<N;i++){ N=number_of carriers
frequency JE A 32| bt k4
reserved_for_future_use RIER 8
frame_type E A AVEIN i 4| FFel
R
FEC_outer IFF5 4 v Rl
modulation 2 8| bR
symbol_rate TRV L — b 28 v R
FEC_inner Oxf 4 By R
group_id 8 By R
}
}

- JAW# (frequency)

ZIUIRE Y RDT 4 —/L KT, 4E v FBCD=— R8HT CREEE AR, AMIBL AT
SRR F I, AT, e BATAT K 0 AR L TR AT O B AN INEUR & 7R D MHz BT TR
{Kéﬂéo

« 2 H 7 L — LA E S (frame_type)
A Yy FDT 4 —)L RT, 3. 2-9H->TCELE T L— AR 2T,

#%3.2-9 ZE 7 L —LERES (frame_type)

i [(ZET7L—LbK, RRZEA N —2%5]
ox1 [53. 15]
0x2 [53. 15]
BHTSIEE F N TZFETE 20
OxF H—TSzik =
Z DA RIEF
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- 4 %= (FEC_outer)
ZHFIAE Yy RO T 4 —)L KT, F3.2-10120E» THFHE £ T,

#3.2-10 475 (FEC_outer)

FEC_outer (4\45575) O
0000 RIE %
0001 SFIT7a LY
0010 RS(204,188)*
0011-1111 FREHDIZD Y =7

¥ OERR 23 EREBSA SR 312 BT kD

« 238 (modulation)
ZHUESE Y hD T L RT, #3. 2- 11T » THMNE Y 27 ATl Sh B 258

Kz 7,

#3.2-11 £ (modulation)

v =k
0x00 REE
0x01 16 QAM
0X02 32 QAM
0x03 64 QAM*
0x04 128 QAM
0x05 256 QAM*
0x07 1024 QAM
0x06, 0x08-0xFF FRFEHOTZD Y F—7

" ORR 23 SRR AR 312 BT K D

« IRV L — |k (symbol_rate)
THUF28E R 7 4 — L RT. 4w RBCDZ2— RTHTC. B FATHT L 0 BB L CTESHT D%
AN E 72 ADMsymbol /sHNL T VRV L — MEZ R T,

- N %= (FEC_inner)
ZHUHE Yy FO7 4 —/)L KT, R3.2-12IT0E»>» TR/ &2 ET,
DT 4 —I)L ROMEIX ‘11117 P45,

#3.2-12 W¥F%5 (FEC_inner)
FEC (W&F=)
0000

o ||

S
%

£

7
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0001 FF AR 12

0010 HEEE 213

0011 P b 314

0100 P b3 516

— R 718

1000 ISDB-S 5. (TMCC {552 H)

1111 N 7a L
0110-0111 —
1001-1110 SR D720 U F—

@ SRR 23ERE R R 3125 IC L D

- group_id (M5 REDFA)
Z DYEIRTSMF ZAn 6~ 2 a5 ¥ 2 & s R 2350 3 215 Hh A2 "3 8y hD 7 4 — /b
RCTHDH, 50 ITHN RN LT3,

3. 2. 2. 4 WEEEOSMt
3. 2. 2. 4. 1 WEHOEEEOHERE
BATOTFCEANLNEBRTLEY a U EFRERLET 5,

3. 2. 2. 4. 2 ~y Ry ROLEFEDOANNEF0DZEH T F TOREE I
M
BATOTFCEANLNEBRTLEY a U iEFRERIL LT 5,

3. 2. 2. 4. 3 #WEHROLL
BITOFOANEBRTLEY a VESFRERILLET 5,

3. 2. 2. 4. 4 WEEOL~LDZEH,
BATOF A NERT L E Y a v FR LRI LT 5,

(PRZZELIE ST 3R DG RR L E O H )82 B 0 D &AF)
FHEEDOLED,

3. 1. 2. 4. 5 #WEHOL~)DVEBETHIMOT X VERT LEY a Uik s
o TWAAMRT LE Y a VUEZEDOWIER O L~ L DZE

BATOT A NERT L EY a VE TR ERL 95,

3. 1. 2. 4. 6 WEEOL~LLHEDOLAL LD
BATOT A NERT L EY a VEFT K ERL &9 5,
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(PRZ23E B T35 AR E o H i 128810 5 5:44)
HBHEDLEEBL,

3. 1. 2. 4. 7 #WEHEOLLEERD L)L EDFE
HATOFT AN EART LE Y g U FR LRI &4 5,

3. 01. 2. 4. 8 WEKEO LUV & UFHREE O ST £ D BRI O L1 L D7
FATOF VA NERT L EY a VIRESFRERL ET5,

3. 1. 2. 4. 9 XRERICERT 5 EMIKIC X DB OETE
HATOFT AN EARTLE Y g Uk FR LRI 45,

3. 1. 2. 4. 10 ZOMoOERKOOTH
BATOTFT 2T LEY a ViEFREFR UL LT 5,
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4. RIS DR Z )V — R TR D HARTRO SR

4. 1 JEEEEOEM:

4. 1. 1 —fiO%E

4. 1. 1. 1 {522t

BATOREMERRE T O X NT L EY 3 UGS R OIATIRRET O X ik A EF T
£ 5,

4. 1. 1. 2 MHEHTIHOWEE
BATOBHERGE T VX NVT L EY g Vs AR VR ET 2 Vs R E R T
&‘a—éo

4. 1. 1. 3 ZEEMWESHE
BATOMERR R T O ZNLT L EY a3 VIBE T R KR VRS R IET O Z Vs TR E R T
L35,

4. 1. 1. 4 ZEHFWAIIBITDZFOMOKEM
BATOEMERE T O X NT L EY a Uk T AR VAR T U2 Vb T L F T
(E‘a_%)o

4. 1. 1. 5 WAWERBEOFRM
BATOEMERE T X NT L EY a Uk T AR VAR IET U2 Vb T F T
(E‘a_%)o

4. 1. 2 fERIASME

(CkyER) MRS EEICB T 2 ERMET L e Y a Ut o LR e LT, BT
® BPSK, QPSK, 8PSK {2z, AENFHEERMET L Y a VHGEOEFTRON, ®mEIR
WHBARDE T HE S LD 16APSK (FF /L3 7/9) (5 B2 DWW TRET 21T - 72,

HEGE 6 D T62 EBHEBEMEEICIL, 16APSK (F 5L 9/10) 1E 512\ T & FEBRES
RPEOLNTWDETED, ZOREROPNZONWTIFERFTT TH 5,

4. 1. 2. 1 AHWEBDOEME

I6APSK (/DG D~y R RO ANEGIZBIT D ANGEEFOFRMT, 4. 1-1 DLk
DEeT%, FOMDIEZIL, BUITOFZLEAERTLEY a VEFRERL &4 5,
—16APSK (9/10) 15 51 DWW TITE RS,

#£4.1-1 ~v R RO AT 5 ATME 5 DS

ESLE

mE BS 7 U2 V% SRR CS 7 ¥ Z )V k

i
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e b s BRI L DI OREA 1B W TR 99 /\—t > FOfEE T, ~v F=
EExgEor | :
LM L > K AJJ CN i 21dB UL E [TBD]
) H . _ . . G A
vvk;% 721 L, ~y Ry RANE SN, o~y Fo o FIEE S & a ki ss
YY) =
ICBWTRESNTZE S TCIIEX Z &,
4. 1. 2. 2 #EIEORBREE R OWaEIE % o &4

Fa120ERD LT 5,

412 PRSI D JE I B N OVl s 38 5 oD SR
EQls
X5y — T
BS & # Lk [HsE CS 7 2 % LV ik
s O JE P | 1049.48,1087.84.,1126.20,
1613. 1653. 1693, 1733. 1773.
1164.56, 1202.92.1241.28.
i 1813, 1853. 1893, 1933. 1973.
1279.64.1318.00, 1356.36 (GEN) .
2013, 2053MHz
1394.72. 1433.08. 1471.44MHz
15 Z kL3 o JH .
T +1.5MHz LIN [TBD]
B DR 7=

EReR e A0S
~)L

wIHE|TF AUk 5 A oLl EB OfELLT
A= 48+ 10log1Z /75 [dBuV]
B= 81+ 10log1Z 75 [dBu V]

[TBD]

fE a5k o v
L bt DAE
Pk o L L
LD

B % 827 v OV RIE 3dB LAY [TBD]

[EReR e A0S
RN EMEEHE DO L
L DE

(—) 18dBLL E

EE ko v
gL L MG B
i 25 I D ST
X 5 ERP D LV
YL & DFE

X 4.1 C/r9MELLT [TBD]

5 it o L
LW ERE O

BB L FICH - TE, s Bsn»T (=) 20dB LA
[TBD]

LAUL b D7
= D D B E P .

- B, HFREEOMOETEIT —ZIEEELHEZRNLOTHDL T &,
K OO A
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16APSK R 5145 1%

-10 -+

15 -
—— 16APSK(7/9) 815 1E(E)

-20

-25 —

(B AN TE 2T SHEM - TR
S BB R WUEYE 2T SR o

30 - I I J
0.01 0.1 1 10
15 SHEORI Y S SRR O RAHC & STREL O BUHF ) (~ 1207

B 4. 1-1 AR SRS D L ~Ib & GRS R ER O KA K D BRI D L~ L & D3

4. 1. 2. 3 #EKEOLULLEHEZTO L)L E DT D IRZERE 35215 A enik
EE O RSB T B &M
HE5EOLEBY,

4. 2 [rEBFSE)7 5
HRT U F VIR A S IS IRE T AR T &5,
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4. FM—FEEH#HTXUTR D Bl s

[10/15 £ ClzBE T E]
1. BEfEBS/110CS ~DmfH —  #fE
2. 16APSK ~Dif — G
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5. IRZAGE T35 FDREEEE O H )81 ONE 245 FD R IE3EE O A ) i+ T ORIE
(ZHR D BT RIS

il

[10/15 £ TiTEEE T E]

TUXANERT LEY g VA RICB W T, BURIX 640MM 0 7 v v U T OHRT L
HESNTWARNDT, 2560 > > ZhF % U TIZOWTHHET ALERH 5,

F7. 64QAM T A F v U TIZOWT TR 2 TR T ALER D 5,

Wio, AEBEANTED J.382, J. 183 #L9E, 16APSK @ IF /82 Z/L—_ FM — 45425\ T
H, ZOFEICELDDLTE, — EHRH
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SEERHA

SEEH 2

SEEH 3

SEER 4

SEERS

SEER 6

SEERT

SEEH S

2 5 & H

TG1 EERFER I ESE (J.382, J.183 #L5R)
ITU-T &5 J.382

ETSI EN 302 769 V1.2.1(2011) (DVB-C2)
ITU-T &5 J.183

9A SGY =& & # (TD576R1 KU C59)
TG2 RRHERHEE (VSRR IL—)
TORIWTLE DIV A AR D LB

FM — 2 Z 1 5 A DREFHER



aCIE;

SEEH

— &t

[ 5=

E AN BARCATVHEITHES

20144108 10H




AlEIR B

).382IFE /N5 A—A

*J.382{E B RAXNINIL
ZIELANIL(TRRLARNII) ERIERHMEEERRE
-HEME CNLE %t BERFF!ME

fHIEIHE DULE x BER

1.5 FiH
2T
ZF v R)GEIEE *f BER
{E= IR R B4

B — 1 F IR



J.382 : <AIENSA—EDBEE>
INTA—4H EREL e
= s (= g .
FEC?&%E Normal COdE’(fZEE64SOO) BOEIZ— AR B ZfE A S D Normal CodeZiE IR
FECHEE L5 2334 4/5, 5/6, 9/10(Normal Code) Nomal Code M #H &+
7 7 7 7 ’ *2560AM :9/10
*10240AM :9/10
%E}ﬁjﬁﬁ 16QA|V|,—6'4'Q'A'MT 256QA|V|, 1024QA|V|, -4096QAM : 4/5\ 5/6(—§B)
4096QAM -40960AM :9/10(C/NDHBIE)
R A > 3—1)—J #H 4, 816 symbol ’%i;@w‘b\ ADEIHERRAOTAT
o ‘ H—RAL8— 1)Ll L RT LOBEREM
H—KA23—/N\)L 1/128 3usAFEREFELT, 1/128. 4.66ps&Li=,
i . R5TIE1/64:9.33ustiBIET B,

g S 64-QAM
£, BIEHRA I ERT &

DVvVB-C2

% 9/10

M 5/6
3/4
2/3

-QAM

—Shannon

204/188
J.83C

o
S 75
=,
N 60
—
© 45
2
= 30
=
= 15
(aa]

0

10 15 20 25
Signal-to-noise ratio / [dB]

35 40
3




J.382 :

Spectrum

<EBARIFML>

=

Ref Level 94,75 depy
o Att

0de @ SWT
Count 30/30 75 Q

Offset 5.72 dB @ RBW 30 kHz

300ms @ VBW 1kHz Mode Auto Sweep

@®14v Avglog

D3[1]

90 depy

M1[1]

80 dBpv

70 dBpv

(BT VPN T W NOLT S DRI NN A S STy [SUNNONN S W I S v A

1

-1.52dB
2.85500 MHz,
71.35 dBpv|
479.00900 MHz

60 dBuv

50 dBpv

40 dBpv

30 dBpv

20 dBpv

10 deyy

0 dBpv

CF 479.009 MHz

1001 pts

(Span 10.0 MHz)

Marker
Type | Ref | Trc |

X-value | v-value | Function | Function

Result |

Mi |1
p2| M1 1
p3| M1 1

479.009 MHz |
-2.855 MHz
2.855 MHz

71.35 dBpv
-2.05 dB
-1.52 dB

( )

—
} Measuring... [ RNRNNND G

0!.15.2014

105409 7

Spectrum |

=

Ref Level 89.75 dBpY
jo Att Ddt @
Count 30/30 75 Q

Offset 5.72 dB @ RBW 30 kHz

R
SWT 300ms @ VBW 1kHz Mode 4uto FFT

@1Av Avglog

D3[1]

80 dBpy

70 depv 5

M1[1]

Ty YT

60 dBpv-

AIINI st

bl ™

-2.92 dB
5.7100 MHz
68.41 dBpY

482.0220 MHz

50 dBpv

40 dBpv

30 dBpv

20 depv

10 dBpv
0 dBpv

CF 482.0 MHz

1001 pts

(Span 20.0 MH?)|

Marker

Type | Ref | Trc | X-value |

y-value |  Function |

Function Result |

M1] T
p2| M1 1|
D3| m1| 1

482.022 MHz |

68.41 dBpY
-4.,28 dB
-2.92 dB

-5.71 MHz |
5.71 MHz

| )

)] Measuring...

on.i201
105023

1DS 6MHz{E%E 4096QAM 4/5 1/128

2DS 12MHz{E1%£ 4096QAM 4/5 1/128
(PLP UMY



ZIELANI(FRULAI) ERRBEEREE

SZIELRIL(TRELARI)

4096QAM 9/10
SZIEFEEI A479MH=

AFTL~JL [dB V) | 59.2 | 58.4] 58] 57.5] 57.2] 57] 56.85| 56.26|
[ BER [ 1.00E—11] 1.00E—07] 2.22E—06] 1.14E-04] 1.59E—04| 4.92E-04] 8.10E—04
S1E B K 761 MH=
AFTLJL [(dB V) | 60.1 | 58.4] 58] 57.5] 57] 56.5 56.4
[ BER [ 1.00E—11] 2.16E—06] 3.17E—05] 1.60E-04] 4.42E—04] 1.96E—03
4096QAM 4/5
SZIEFEIE A479MH=
AFTL~JL [dB V) | 51.2] 50.1] 50] 49.9] 49.8 49.7
BER | 1.00E—11] | 2.00E—05| 8.14e-05] 1.27E-04
Z1E B K 761 MH=
AHL~<JL [dB V) | 51.5 | 51| 50.7] 50.5] 50.4] 50.2] 50 49.9
[ BER [ 1.00E—11] | 1 97E—06] 2.13E—05| 5.70E-05]| 4.53E-04| 2.10E-03
1024QAM 9©/10
SZEFEEIE A479MH=
AFTL~JL [dB V) | 48.0| 47.4] 47.3] 47.2] 47.1 47
[ BER | 1.00E—11] | 3.60E—05] 1.95E—04] 1.04E-03
1024QAM 9©/10
Z{EFEKREL 761 MH=
AFBL )L [(dB V) ] a48.2 | 47 8] 47 7] 47.6] 475 47.4
[ BER [ 1.00E—11] | 1.25e—05] 2.47E-04]| 1.45E-03
256QAM 9/10 )
ZEBEE A479MH= < <
[AFL~<JL [dB V) | 42.0] 41.6] 41.5] 41.4] 41.3 212] |- HEMERLTAE
| BER | 1.00e—11] | 1.00E—05[ 1.356—04] 1.1 9E—03i 2. BER1E-11(X. EHID
S [ ==
S2E E RS 761 MH= 3IRA U DBRIEESY
[AFzL <)L [JdB V) | 42.2] 41.9] 41.8] 41.7 41.6 B2H,
[ BER | 1.00E—11] 1 1.80E-05| 2.65E—04 3. B TVIETRT
=hia
BiRBHRRE
SEEs D B R R <A F R 752
ZIE(E
- (MHz) (kHz) (kHz)
1DS 479.003 -210 210
4096QAM,1024QAM,256QAM 758.004 -210 210
2DS 482.024 =210 210
4096QAM 4/5 PLPNUNYUY 758.004 -210 210 >




HEE CNEE xt BER4HE



BER
1.00E-01

1.00E-02

1.00E-03

1.00E-04

1.00E-05

1.00E-06

1.00E-07

1.00E-08

1.00E-09

1.00E-10

1.00E-11

1.00E-12

23

S CNH %t BER

1@, @, ®. @IE. DTA-211512 LB BIE
i, DTA-2111CHRIFE
2 mERES X, AMEICKYEH ST

@ =i—4096QAM 9/10 1/128

. o e 479MH
1E-11DHRA T FEEBHEESE S RET T, ’
®-o-4096QAM 9/10 1/128
761MH
1 )24QAM(9/10) AOQAOANHALL 4096C1AM(9 10) Z
o e i B ©+4o96QAM 4/51/128
; @ . 6MHz 479MHz
256QAM(9/10) @) )
5 @ .. 40960AM 4/51/128
4096QAM(4/5) 761MHz
12MHz
© ® 5 20960AM 12MHz 4/5
() @@ ﬁs] 1/128 482MHz 8sym
©® —e—40960AM 12MHz 4/5
i i§\ ®\ ﬂ 1/128 758MHz 8sym
‘| | @ 1024QAM 9/10 1/128
: \ \ X %‘ 479MHz
\ 1| 1024QAM 9/10 1/128
l‘ || v \ ’S( 761MHz
] ]
\ L v ©__2560aM 9/10 1/128
{ & " 'As 479MHz
| ‘ \ ] \
A 1 " ';:: 256QAM 9/101/128
l‘ I“.‘ ‘.‘. ',‘ ". 761MHz
1 | W @ —m— 40960AM 12MHz 4/5
' ' i|'|\ |i| 1/128 482MHz 8sym 2115
] 1\ 11
|L v R D —s— 20960AM 12MHz 4/5
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Recommendation I TU-T J.382

Advanced digital downstream transmission systemsfor television, sound and
data servicesfor cabledistribution

Summary

Recommendation ITU-T J.382 provides specifications that should be considered for advanced digital
cable downstream transmission technologies to provide high spectral efficiency schemes saving
transmission resources for downstream in hybrid fibre coax (HFC) based networks.

This Recommendation covers the common definition of framing structure, channel coding and
modulation for television, sound and data services including high quality broadcast and multicast
services distributed through HFC based networks.

History
Edition Recommendation Approval  Study Group Unique ID*
1.0 ITU-TJ.382 2014-01-13 9 11.1002/1000/12104-en
Keywords

Advanced transmission systems, cable distribution, DVB-C2, HFC, OFDM.

* To access the Recommendation, type the URL http://handle.itu.int/ in the address field of your web
browser, followed by the Recommendation's unique ID. For example, http://handle.itu.int/11.1002/1000/11
830-en.

Rec. ITU-T J.382 (01/2014) i


http://handle.itu.int/11.1002/1000/12104-en?locatt=format:pdf
http://handle.itu.int/11.1002/1000/11830-en
http://handle.itu.int/11.1002/1000/11830-en

FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
telecommunications, information and communication technologies (ICTs). The ITU Telecommunication
Standardization Sector (ITU-T) is a permanent organ of ITU. ITU-T is responsible for studying technical,
operating and tariff questions and issuing Recommendations on them with a view to standardizing
telecommunications on a worldwide basis.

The World Telecommunication Standardization Assembly (WTSA), which meets every four years,
establishes the topics for study by the ITU-T study groups which, in turn, produce Recommendations on
these topics.

The approval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolution 1.

In some areas of information technology which fall within ITU-T's purview, the necessary standards are
prepared on a collaborative basis with ISO and IEC.

NOTE

In this Recommendation, the expression "Administration" is used for conciseness to indicate both a
telecommunication administration and a recognized operating agency.
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I ntroduction

As the demand of high quality broadcast and multicast services from consumer's side is increasing,
cable operators seriously search for more efficient ways to transmit those services through hybrid
fibre coax (HFC) based networks.

Modulation and coding schemes for global use in cable industry are based on [b-ITU-T J.83], which
was developed and deployed in the 1990s. These technologies, specified in [b-ITU-T J.83], can
support up to 38 Mbit/s per 6 MHz channel when using 256 QAM modulation scheme and thus do
not serve demands for advanced digital downstream transmission systems.

In the near future, advanced digital transmission systems including enhanced coding and
modulation, can replace digital cable transmission systems defined in [b-ITU-T J.83].
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Recommendation | TU-T J.382

Advanced digital downstream transmission systemsfor television, sound and
data servicesfor cabledistribution

1 Scope

The scope of this Recommendation is to define a globally common specification for framing
structure, channel coding and modulation schemes for television, sound and data services including
high quality broadcast and multicast services for downstream distributed through hybrid fibre coax
(HFC) based networks to provide high spectral efficiency. This Recommendation will contribute to
the development of common products for cable broadcast and telecommunication downstream
physical layer (PHY).

The specifications included in this Recommendation are based on the requirements defined in
[ITU-T J.381].

2 References

The following ITU-T Recommendations and other references contain provisions which, through
reference in this text, constitute provisions of this Recommendation. At the time of publication, the
editions indicated were valid. All Recommendations and other references are subject to revision;
users of this Recommendation are therefore encouraged to investigate the possibility of applying the
most recent edition of the Recommendations and other references listed below. A list of the
currently valid ITU-T Recommendations is regularly published. The reference to a document within
this Recommendation does not give it, as a stand-alone document, the status of a Recommendation.

[ITU-T J.381] Recommendation ITU-T J.381 (2012), Requirements for advanced digital
transmission technologies.

[ETSI EN 302 769] ETSI EN 302 769 V1.2.1 (2011), Digital Video Broadcasting (DVB); Frame
structure channel coding and modulation for a second generation digital
transmission systemfor cable systems (DVB-C2).

3 Definitions

31 Termsdefined elsewhere
This Recommendation uses the following term defined elsewhere:

311 HFC-based networks [ITU-T J.381]: HFC-based networks include legacy cable networks
such as hybrid fibre coax; recent technology deployments such as radio frequency over glass
(RFoG) and cable network technologies that may be deployed in the near future.

3.2 Terms defined in this Recommendation

None.

4 Abbreviations and acronyms

This Recommendation uses the following abbreviations and acronyms:
16-QAM 16-ary Quadrature Amplitude Modulation

64-QAM 64-ary Quadrature Amplitude Modulation

256-QAM 256-ary Quadrature Amplitude Modulation
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1024-QAM
4096-QAM
ACM
ADC
AWGN
BB

BCH
CCM
CENELEC
CNR

CRC

dB
DEMUX
DS

DVB
DVB-C
DVB-C2
EBU

ETSI

FEC

FFT

GI

GSE

HFC

IFFT

P
ISO/IEC

JTC
LDPC
MATV
Mbit
Mbit/s
MHz
MPEG
NA
OFDM

1024-ary Quadrature Amplitude Modulation
4096-ary Quadrature Amplitude Modulation
Adaptive Coding and Modulation
Analogue-to-Digital Converter

Additive White Gaussian Noise

Baseband

Bose-Chaudhuri-Hocquenghem multiple error correction binary block code

Constant Coding and Modulation

Comité Europeen de Normalisation Electrotechnique
Carrier-to-Noise Ratio

Cyclic Redundancy Check

decibel

De-Multiplexer

Data Slice

Digital Video Broadcasting project

DVB system for cable transmission

DVB system for second generation cable transmission
European Broadcasting Union

European Telecommunications Standards Institute
Forward Error Correction

Fast Fourier Transform

Guard Interval

Generic Stream Encapsulation

Hybrid Fibre Coax

Inverse Fast Fourier Transform

Internet Protocol

International Standardization/International

Commission

Organization for

Joint Technical Committee

Low Density Parity Check (codes)

Master Antenna Television

220 =1,048,576 bits

Mbit per second

10° Hertz

Moving Pictures Experts Group

Not Applicable

Orthogonal Frequency Division Multiplex
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PAPR Peak to Average Power Ratio

PHY Physical Layer

PLP Physical Layer Pipe

QAM Quadrature Amplitude Modulation
QoS Quality of Service

RF(0G) Radio Frequency (over Glass)
SMATV Satellite Master Antenna Television
SNR Signal-to-Noise Ratio

TDM Time Division Multiplex

TI Time Interleaver

TS Transport Stream

VCM Variable Coding and Modulation

5 Conventions

None.

6 Advanced digital downstream transmission systemsfor cable distribution

6.1 System concept

A downstream framer, capable of receiving multiple formats of streams, such as MPEG-2 transport
streams and Ethernet packet streams, has the function of framing these streams for efficient
transmission. A downstream forward error correction (FEC) encoder, followed by a downstream
framer, adds an encoding function to protect information data from channel noise through HFC
based networks. The downstream modulator covers functions of mapping high order quadrature
amplitude modulation (QAM) constellation in order to improve spectral efficiency, as well as
interleaving mechanisms for the protection of information data from burst noise in time and
frequency domain.

The basic block diagram of advanced digital transmission processing is shown in Figure 1.

Input stream does not only represent a single stream, but instead can consist of multiple independent
data streams, containing signals and components of advanced digital downstream transmission
systems for television, sound and data services for cable distribution.

The channel model of HFC-based networks is primarily a bandwidth-limited linear channel, with a
balanced combination of white noise, interference and multi-path distortion. Orthogonal frequency
division multiplex (OFDM) technique with channel coding can have advantages to minimize the
loss due to typical channel distortions in HFC-based networks.

The advanced digital downstream transmission system shall be fully transparent with respect to the
different transmitter input and related receiver output signals.

Upstream advanced digital transmission technologies are not covered by this Recommendation.
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Figure 1 — System concept for advanced digital downstream transmission system

6.2 Specifications of advanced digital downstream transmission systems

Advanced digital downstream transmission systems are required to support the following technical
specifications regarding framing, channel coding, and modulation. Fundamental framework is
described in Table 1 and extended parameters are defined in Table 2.

Table1—-PHY downstream specificationsin summary form indicating

fundamental framework

Item

Specification

Input signals

MPEG-TS, any packetized or continuous stream

Framing structure

Two dimensional TDM structure: physical layer pipes (PLPs) and data
slice (DS)

Signalling method

Embedded in the TDM framing structure

Modulation scheme

OFDM

FFT size

4096 for 8 MHz channel (2.232 kHz carrier spacing) or
4096 for 6 MHz channel (1.674 kHz carrier spacing)

Number of payload carriers

3408 for a 8 MHz channel

Channel coding

Randomization FEC frame scrambling
(1+X14+XI15)
FEC LDPC/BCH
Interleaving Bit-, time and frequency interleaving
Modulation
Bandwidth 6 or 8 MHz basis, flexibility for wider bandwidth (up to 450 MHz)
Constellation 16/64/256/1024/4096 — QAM
Pilots Scattered, continual and edge-pilots
Guard interval (GI) 1/64 or 1/128
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Table 2 — Extended parameters

Item Specification
Channel Bit-Interleaving Parity- and column twist Interleaving
coding Time-Interleaving | At data slice (DS) level: Block interleaving with 0, 4, 8,16 symbols
interleaving depth
Frequency- At DS level
Interleaving
Service-related Robustness parameters (modulation scheme and FEC parameters) can
robustness be chosen per PLP
Variable coding Modulation parameters may be changed each DVB-C2 Frame
and modulation
(VCM)
Adaptive coding | Possible
and modulation
(ACM)
Two layer Physical layer pipe (PLP): individual modulation parameters data slice
Multiplexing (DS): Group of PLPs with individual time-/frequency interleaving
structure settings
Modulation | Byte to symbol Depending on modulation scheme and FEC code rate

mapping

Roll-off factor Not defined

Baseband filter Not defined

characteristics

Pilots Pilot density depending on guard interval (GI) choice

Peak-to-average-
power-ratio
(PAPR)

Reduction of PAPR is possible by reserved tones

Hooks for
extensions

Available

The frequency allocation is not specified in this Recommendation, however the system is
recommended to allow flexibility in order to reflect each country's usage of the frequency space.

The text of [ETSI EN 302 769] is applied with the modifications as given below.

Un-numbered clauses " Intellectual Property Rights' and " Foreword"

The introductory clauses labelled "Intellectual Property Rights" and 'Foreword' do not apply in the

context of this Recommendation.
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Appendix |

A digital video broadcasting (DVB); Frame structure channel coding and
modulation for a second generation digital transmission system for cable
systems (DVB-C2)

(This appendix does not form an integral part of this Recommendation.)

1.1 I ntroduction

This appendix derives from work done by the Digital Video Broadcasting Project (DVB). The
specification of the second generation DVB cable transmission system (i.e., DVB-C2) has been
adopted by the Joint Technical Committee (JTC) of the European Broadcasting Union (EBU),
Comit¢ Européen de Normalization ELECtrotechnique (CENELEC) and the FEuropean
Telecommunications Standards Institute (ETSI) as European Norm [ETSI EN 302 769].

DVB-C2 specifies the framing structure, channel coding and modulation for a second generation
digital multi-programme television distribution by cable.

Although the MPEG transport stream (TS) is still the favourite protocol used in digital
broadcasting, DVB-C2 supports TS, any packetized and continuous input formats as well as the so
called generic stream encapsulation (GSE). All input streams are multiplexed into a baseband (BB)
frame format. The forward error correction (FEC) scheme is applied to these BB frames. In line
with the other DVB-X2 systems, DVB-C2 uses a combination of low density parity check (LDPC)
and BCH codes, which is a very powerful FEC method providing about 6 dB improvement of
signal-to-noise ratio (SNR) with reference to DVB-C. Appropriate bit-interleaving schemes
optimise the overall robustness of the FEC system. Extended by a header, those frames are called
physical layer pipes (PLP). One or several of such PLPs are multiplexed into a data slice (DS). A
two-dimensional interleaving (in time and frequency domain) is applied to each slice enabling the
receiver to eliminate impacts of burst impairments and frequency selective interference such as
single frequency ingress. One or several data slices (DSs) compose the payload of a C2-frame. The
frame building process includes, inter alia, the insertion of continual and scattered pilots. The first
symbol of a DVB-C2 frame, the so-called "Preamble", carries the signalling data. A DVB-C2
receiver will find all relevant configuration data about the structure and the technical parameters of
the DVB-C2 signal in the signalling data block in the Preamble as well as in the headers of the
PLPs. In the following step the OFDM symbols are generated by means of an inverse fast Fourier
transform (IFFT). A 4K-IFFT algorithm is applied generating a total of 4096 sub-carriers, 3409 of
which are actively used for the transmission of data and pilots within a frequency band of 8 MHz.
The guard interval (GI), used between the OFDM symbols, has a relative length of either 1/128 or
1/64 in reference to the symbol length (448 ps).

s

[
—P Input Bit lfilf[erlea\iied thg slice OFDM :
—P  processing ¥ codngan ’ fame ’ generation -
modulation builder [
> | DVB-C2
TS or | C2 system | output
GSE inputs e

J1.382(14)_FI.1

Figurel.1—High level block diagram of a DVB-C2 modulator

Figure 1.1 shows the block diagram of a DVB-C2 modulator. The input processing block is able to
process a traditional MPEG transport stream or any packetized or continuous input stream. The
second block (identified as: Bit interleaved coding as modulation) adds the FEC information and
maps the data into cells. The third block (identified as: Data slice + frame builder) covers the
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multiplexing of the different input components to the framing structure, whereas in the last block
the final OFDM modulation and frequency up-conversion is performed.

[.2 Main building blocks of a DVB-C2 modulator

The following clauses give a short overview of the functionalities available in the four building
blocks identified in Figure I.1.

.2.1 DVB-C2 modulator input processing

—p Bit interleaved Data slice
—p rolc‘;il;}n »| coding and b + frame b ge(t?:r];tli\gn —>
P 8 modulation builder
DVB-C2
TS or | C2 system output
GSE inputs L P
Null BB
Input Stream CRC-8 BB BB
. — > ki > —» header |—™
interface synchr. pac .et encoder . . scrambler frame
deletion insertion

1.382(14)_F1.2

Figurel.2 —Building blocks of the input processing part

Figure 1.2 shows the main building blocks of the input processing part for one input signal of a
DVB-C2 modulator. Different types of input formats are possible: MPEG transport stream, GSE
signals or any continuous or packetized signal format. The signal is synchronized and mapped into a
baseband (BB) framing structure. Null packets are deleted in case of MPEG transport streams, a
baseband frame header and a cyclic redundancy check (CRC) code are added and the frames are
spectrum formed by a scrambler. A baseband (BB) frame is the payload of a physical layer pipe
(PLP).

[.2.2  Bit interleaved FEC processing and mapping

— Input Bit interleaved Data slice .
—{ processing Dlg| ol g g * f,rame —> generation —>
— modulation builder
TS or C2 system DVB-C2
GSE inputs -~ - — = — — — — ] output
BB BCH LDPC Bit- DEMUX Cell to FEC PLp
frame " FEC —»  FEC |—» inter- [—® Dbitto [—» constell. [—» frame [—»>
encoding encoding leaver cell mapper header
1.382(14)_FI.3

Figurel.3 —Building blocks of the FEC processing part
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Figure 1.3 shows the main building blocks of the FEC processing part of a DVB-C2 modulator.
Baseband frames are extended by both BCH and LDPC FEC data. The bit stream is de-multiplexed
and mapped to QAM cells. A FEC-frame header is added. The output signal of this processing part
is called a PLP. A DVB-C2 modulator is able to process multiple PLPs.

[.2.3 Datadiceand framebuilder

Bit interleaved Data slice
B N BN S B B R B
p s modulation builder &
TS or C2 system DVB-C2

GSEinputs -~ output
PLP1 —»
PLP2 —»

| Data ;
slice Time Frequency Data sl
. interleaving » interleaving > Data slice
builder

—b

PLPn J.382(14)_Fl.4

Figurel.4 —Building blocks of the data dlice building part

Figure 1.4 shows the data slice builder, which multiplexes different PLPs to one data slice. Per data
slice (DS), time- and frequency interleaving is applied. A DVB-C2 modulator is able to process
multiple data slices, as shown in Figure I.5. The frame builder multiplexes the different data slices
(DSs) into a DVB-C2 frame. Furthermore the frame builder adds pilot signals components and the
preamble, which carries the DVB-C2 signalling data, the DVB-C2 frame.

B, e—

—p it Bit interleaved Data slice
put N OFDM
X | codingand [— + frame P ) J—}
—»  processing modulation Cotitins generation |
TSor | C2 system ‘ DVB-C2
GSEinputs = — — — T . output
Data slice 1 —,
Data slice 2 —
1 —» C2-Frame
Dataslicem —» Frame
Pilot Builder
insertion
Preamble .
insertion
J1.382(14) FI.5

Figurel.5—Building blocks of the frame building part
.24 OFDM generation

P gt Bit interleaved Data slice

\
L OFDM
—p| processing [P| codingand —pf < fame bl ponraiion T’
DVB-C2
TS or C2 system |
GSE INDULS |l ) i . e i i s, s s s i | i g~ — — — — — — — output
Cr-Frame Inverse Retserved A(iuardl Dlglltal to DVB-C2 to
FFT _ tone nterva analogue RF converter
nsertion nsertion converter

J.382(14)_F1.6

Figurel.6 —Building blocks of the OFDM generation part
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Figure 1.6 shows the main building blocks of the OFDM generation unit of a DVB-C2 modulator.
After the inverse fast Fourier transform (IFFT) processing, the guard interval is added and an
analogue-to-digital conversion is carried out. In the unlikely event of high peak-to-average power
ratio (PAPR), reserved tone symbols can be inserted.

1.3 Summary of thekey DVB-C2 features

.3.1 Single pipe versus multiple pipes and formats

The first generation transmission systems were designed to carry one MPEG transport stream. One
key requirement for DVB-C2 was to implement significantly more flexibility in terms of supporting
multiple input signals and in terms of supporting more packetized and even continuous input
formats, including IP. The flexibility allows the integration of different input signals in physical
layer pipes (PLPs) and to bundle PLPs in data slices (DSs). DVB-C2 provides a very flexible
multiplexing scheme, capable of supporting future complex services.

[.3.2 Orthogonal frequency division multiplexing (OFDM) modulation

Although single carrier QAM-modulation was successful for many years in digital cable
transmission systems, DVB has taken the decision to choose orthogonal frequency division
multiplex (OFDM) for reasons of excellent spectrum efficiency and superb flexibility.

1.3.3 Low density parity check (LDPC) code for FEC

The chosen forward error correction (FEC) scheme is a combination of low density parity check
(LDPC) code as the inner code and Bose Chaudhuri Hoquenghem (BCH) code as the outer code.
The combination is both very powerful and efficient in relation to typical and relevant interference
scenarios in cable networks. The excellent performance of the chosen FEC-scheme is the major
reason for the significantly higher spectrum efficiency of DVB-C2. Those state of the art FEC codes
are very complex. The LDPC-FEC processing part will require about half of the chip size of a
DVB-C2 demodulator.

.34 From 16-QAM to 4096-QAM constellations

The requirement and performance figures of cable networks are covering a wide range from low
cost master antenna TV (MATYV) solutions to high quality professional HFC networks. Therefore,
DVB-C2 offers a fine granularity of solutions from very robust modes up to highest spectrum
efficiency, mainly limited by cost constraints of receiver analogue-to-digital converters (ADCs).
Different FEC code rates and QAM-schemes allow the granularity of about 2 dB over the whole
range from 15 to 35 dB carrier-to-noise ratio (CNR). Further, higher modulation constellations may
be introduced in the future in a backwards compatible way. At least there are already hooks
available for future extensions of DVB-C2.

.35 Fixed 8 MHz versus flexible bandwidth

Although DVB-C2 is perfectly in line with the European 8 MHz channel raster (and the 6 MHz
United States raster) implemented in cable, one of the outstanding features of DVB-C2 is its
flexibility in terms of bandwidth allocation. DVB-C2 allows increased spectrum efficiency and
broader transmission signals entailing a higher gain for statistical multiplexing while maintaining
the support for simple receivers with a fixed 8 MHz (6 MHz in the United States) receiving window
for Europe. For the implementation of future broadband tuner concepts, DVB-C2 opens more
options for all kinds of broadband applications.

1.3.6 Constant coding and modulation (CCM) versus variable and adaptive coding and
modulation (VCM and ACM)

DVB-C2 offers another dimension of flexibility. Up to now the coding schemes for cable
transmission systems were fixed. With DVB-C2 the modulation parameters may vary over time and
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this variation may be even related to individual services within a transmitted DVB-C2 signal. The
first option is to vary the robustness over time. This may be required for different quality of service
(QoS) levels. However, it is also possible to adapt the performance of a DVB-C2 transmission to
individual requirements of a customer by means of adaptive coding and modulation. The receiving
conditions of an individual customer may be used to adjust the robustness parameters of the
DVB-C2 transmission.

1.3.7 Physical layer pipes (PLP), data slices, and frames

In terms of broadband access and in the terms of video quality the end customer demand is
permanently growing. From a cable network operator's point of view, bigger pipes are required to
transmit the requested services over networks in an efficient way. The big difference between
narrowband and broadband services require flexible multiplexing schemes. DVB-C2 offers
therefore a two stage multiplexing scheme. Different input signals, converted to so called physical
layer pipes (PLPs) are multiplexed to a data slice (DS) and different DSs are combined to a
"DVB-C2 frame" in the second stage. So, in simple broadcasting applications a DVB-C2
transmission signal will consist of one PLP and one data slice (DS), in case a single MPEG
transport stream has to be transmitted. However, in more complex services configurations DVB-C2
will allow to structure the offering in PLPs and DSs and would even be able to provide service
related robustness and allow that the payload capacity of those PLPs or DSs slightly vary over time.

.3.8 Two dimensional interleaving in time and frequency domain

DVB-C2 offers both, time and frequency interleaving, which are powerful tools to cope with critical
interference scenarios in cable networks.

1.3.9 Signallingissues

The flexibility of DVB-C2 requires an appropriate signalling scheme, allowing a receiver a fast
synchronisation and an easy access to all relevant parameters required to configure the
demodulation and decoding of the requested service. All relevant signalling information is
transported in the Preamble, which is repeated for every DVB-C2 frame.

[.3.10 Backward compatibility

DVB-C2 is not backward compatible with the System B of [b-ITU-T J.83] (DVB-C) which had
been developed by the DVB consortium as well. However, it is assumed that all implementations of
the second generation cable transmission system will support DVB-C2 and the first generation
solutions in parallel. Such an approach would provide backward compatibility during the transition
period to the second generation systems.

.4 Cable system concept

The DVB-C2 system provides a wide range of solutions for all kind of cable networks deployed
worldwide. With 16-QAM modulation very robust modulation schemes for very simple networks
(e.g., satellite master antenna television (SMATV) networks) are available, whereas the 4096-QAM
modulation scheme can be considered as headroom for future enhanced HFC infrastructures. The
granularity of solutions of DVB-C2 is about 2 dB in the range from 12 dB SNR to 35 dB SNR.

With the growing demand of cable customers for more bandwidth, cable operators are forced to
upgrade their cable infrastructures. Fibre-based backbone systems are used for the core network.
More and more network segments based on coaxial cable are replaced by fibre and so generally
fibre gets closer and closer to the customers and coaxial cable is in many cases only used for the so
called the last mile. Those necessary network upgrades provide not only more available bandwidth
per customer due to optimizations of the network topology, but also higher signal quality, which
allows the cable operator to deploy higher order of modulation for their digital services.
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The first generation digital cable transmission systems did neither provide solutions with state of the
art spectrum efficiency nor the flexibility and higher order modulation needed to optimize the
throughput of digital data in those upgraded networks.

DVB-C2 provides a fine granularity of solutions very close to the theoretical "Shannon Limit" for
all kinds of cable networks (see Figure 1.7).
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Figurel.7—DVB-C2 performancein an AWGN channel

In summary, the key technical features of DVB-C2 are the combination of flexibility and efficiency.
It is expected that the deployment of DVB-C2 on one hand will increase the downstream capacity
of cable networks by 30% and for optimized networks up to 60%. On the other hand, DVB-C2 will
allow network operators to utilize the available frequency resources in a more flexible way and
allow the introduction of both enhanced services and bigger pipes, for all kinds of service
containers, including the support of IP-based transport mechanisms.
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Intellectual Property Rights

IPRs essential or potentially essential to the present document may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, is publicly available for ETSI members and non-members, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETSI in
respect of ETSI standards”, which is available from the ETSI Secretariat. Latest updates are available on the ETSI Web
server (hitp:{'webapp.etsi.ore/IPRhome.asp),

Pursuant to the ETSI {PR Policy, no investigation, including IPR searches, has been carried out by ETSI. No guarantee
can be given as to the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web
server) which are, or may be, or may become, essential to the present document.

Foreword

This European Standard (EN) has been produced by Joint Technical Committee (JTC) Broadcast of the European
Broadcasting Union (EBU), Comité Européen de Normalisation ELECtrotechnique (CENELEC) and the European
Telecommunications Standards Institute (ETSI).

NOTE:

The EBU/ETS!] JTC Broadcast was established in 1990 to co-ordinate the drafting of standards in the
specific field of broadcasting and related fields. Since 1995 the JTC Broadcast became a tripartite body
by including in the Memorandum of Understanding also CENELEC, which is responsible for the
standardization of radio and television receivers. The EBU is a professional association of broadcasting
organizations whose work includes the co-ordination of its members' activities in the technical, legal,
programme-making and programme-exchange domains. The EBU has active members in about

60 countries in the European broadcasting area; its headquarters is in Geneva.

European Broadcasting Union

CH-1218 GRAND SACONNEX (Geneva)
Switzerland

Tel: +4122717 2111

Fax: +4122717 24 81

The Digital Video Broadcasting Project (DVB} is an industry-led consortium of broadcasters, manufacturers, network
operators, software developers, regulatory bodies, content owners and others committed to designing global standards
for the delivery of digital television and data services. DVB fosters market driven solutions that meet the needs and
economic circumstances of broadcast industry stakeholders and consumers. DVB standards cover all aspects of digital
television from transmission through interfacing, conditional access and interactivity for digital video, audio and data.
The consortium came together in 1993 to provide global standardisation, interoperability and future proof

specifications.
National transposition dates
Date of adoption of this EN: 18 April 2011
Date of latest announcement of this EN (doa): 31 July 2011
Date of latest publication of new National Standard
or endorsement of this EN (dop/e): 31 January 2012
Date of withdrawal of any conflicting National Standard (dow): 31 January 2012
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1 Scope

The present document describes a second generation baseline transmission system for digital television broadcasting via
Hybrid Fibre Coax (HFC) cable networks and Master Antenna Television (MATV) installations. It specifies the channel
coding, modulation and lower layer signalling protocol system intended for the provision of digital television services
and generic data streams.

The scope is as follows:
. it gives a general description of the Baseline System for digital cable TV;

. it specifies the digital signal processing in order to establish compatibility between pieces of equipment
developed by different manufacturers. This is achieved by describing in detail the signal processing at the
transmitting side, while the processing at the receiving side is left open te individual implementations.
However, for the purpose of securing interoperability it is necessary in this text to refer to certain
implementation aspects of the receiving end.

DVB-C [i4] was introduced as a European Norm in 1994. It specifies single carrier QAM modulation and
Reed-Solomon channel! coding and is used today by many cable operators worldwide for television and data
broadcasting as well as for forward channel transmission of the Data Qver Cable System defined in [i.7].

Since 1994 enhanced digital transmission technologies have evolved somewhat:

¢ New channel coding schemes; combined with higher order modulation, promise more powerful alternatives to
the DVB-C coding and modulation schemes, The result is a capacity gain in the order of 30 % at a given cable
channel bandwidth and CATV network performance.

¢  Variable Coding and Modulation (VCM) may be applied to provide different levels of error protection to
different services (e.g. SDTV and HDTV, audio, multimedia).

e  Inthe case of interactive and point-to-point applications, the VCM functionality may be combined with the use
of return channels, to achieve Adaptive Coding and Modulation (ACM). This technique provides more exact
channel protection and dynamic link adaptation to propagation conditions, targeting each individual receiving
terminal.

e  DVB-C is strictly focused on a unique data format, the MPEG Transport Stream (ISO/IEC 13818-1 [i.1]ora
reference to it). Extended flexibility to cope with other input data formats (such as multiple Transport Streams,
or generic data formats) is now possible without significant complexity increase.

The present document defines a "second generation" modulation and channel coding system (denoted the "C2 System™
or "DVB-C2" for the purposes of the present document) to make use of the improvements listed above. DVB-C2 is a
single, very flexible standard, covering a variety of applications by cable, as described below., It is characterized by:

» aflexible input stream adapter, suitable for operation with single and multiple input streams of various formats
(packetized or continuous);

s  apowerful FEC system based on LDPC (Low-Density Parity Check) codes concatenated with BCH {Bose
Chaudhuri Hocquenghem) codes, allowing Quasi Error Free operation close to the Shannoen limit, depending on
the transmission mode (AWGN channel, modulation constrained Shannon limit);

+  awide range of code rates (from 2/3 up to 9/10); 5 constellations, ranging in spectrum efficiency from 1 to
10,8 bit/s/Hz, optimized for operation in cable networks;

*  Adaptive Coding and Modulation (ACM) functionality, optimizing channel coding and modulation on a
frame-by-frame basis.

ETSI
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2 References

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
reference document (including any amendments) applics.

Referenced documents which are not found to be publicly available in the expected location might be found at
hitp://docbox.etsi.ora/Reference.

NOTE: While any hyperlinks included in this clause were valid at the time of publication ETSI cannot guarantee
their long term validity.

2.1 Normative references
The following referenced documents are necessary for the application of the present document.

1] ETSI TS 101 162: "Digital Video Broadcasting (DVB); Allocation of Service Information (SI) and
Data Broadcasting Codes for Digital Video Broadcasting (DVB) systems".

2.2 Informative references

The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.

[i.1] ISO/IEC 13818-1: "Information technology - Generic coding of moving pictures and associated
audio information: Systems",

[i.2] ETSITS 102 606: "Digital Video Broadcasting (DVB); Generic Stream Encapsulation (GSE)
Protocol".

[1.3] ETSI EN 302 307: "Digital Video Broadcasting (D'VB); Second generation framing structure,

channel coding and modulation systems for Broadcasting, Interactive Services, News Gathering
and other broadband satellite applications (DVB-S2)".

[1.4] ETSI1 EN 300 468: "Digital Video Broadcasting (DVB); Specification for Service Information (SI)
in DVB systems".
[i.5] ETSI EN 300 429: "Digital Video Broadcasting (DVB); Framing structure, channel coding and

modulation for cable systems".

[1.6] ETSI1 EN 302 755: "Digital Video Broadcasting (DVB); Frame structure channel coding and
modulation for a second generation digital terrestrial television broadcasting system (DVB-T2)",

[1.7] CENELEC EN 50083-2:2006: "Cable networks for television signals, sound signals and
interactive services - Part 2: Electromagnetic compatibility for equipment".

(i.8] ETSI EN 300 421: "Digital Video Broadcasting (DVB); Framing structure, channel coding and
modulation for 11/12 GHz satellite services".

ETS!
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3 Definitions, symbols and abbreviations

3.1 Definitions

For the purpeses of the present document, the following terms and definitions apply:
&: Exclusive OR / modulo-2 addition operation

Oxkk: digits 'kk' should be interpreted as a hexadecimal number

active cell: OFDM Cell carrying a constellation point for L1 signalling or a PLP

auxiliary data: sequence of cells carrying data of as yet undefined modulation and coding, which may be used for
stuffing Data Slices or stuffing Data Slice Packets

BBFrame: signal format of an input signal after mode and stream adaptation
BBHecader: header in front of a baseband data field
NOTE: Seeclause 5.1.
BUFS: maximum size of the requested receiver buffer to compensate delay variations
BUFSTAT: actual status of the receiver buffer
C2 frame; fixed physical layer TDM frame that is further divided into variable size Data Slices
NOTE: C2 Frame starts with one or more Preamble Symbol.
C2 system: complete transmitted DVB-C2 signal, as described in the L1-part2 block of the related Preamble
common PLP: special PLP, which contains data shared by multiple PLPs (Transport Stream)
data cell: OFDM Cell which is not a pilot or tone reservation cell
data PLP: PLP carrying payload data
data slice: group of OFDM Cells carrying one or multiple PLPs in a certain frequency sub-band

NOTE:  This set consists of OFDM Cells within a fixed range of consecutive cell addresses within each Data
Symbol and spans over the complete C2 Frame, except the Preamble Symbols.

data slice packet: XFECFrame intluding the related FECFrame Header

data symbol: OFDM Symbel in a C2 Frame which is not a Preamble Symbol

. X
xdivy= {—J
y

dummy cell: OFDM Celi carrying a pseudo-random value used to fill the remaining capacity not used for L1
signalling, PLPs or Auxiliary Data

div: integer division operator, defined as:

elementary period: time period which depends on the channel raster and is used to define the other time periods in the
C2 System

FECFrame: set of N} ppe (16 200 or 64 800) bits of one LDPC encoding operation
NOTE: Incase of Data Slices carrying a single PLP and constant modulation and encoding is applied, FECFrame

Header information may be carried n Layerl part2 and the Data Slice Packet is identical with the
XFECFrame.

ETS!
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FFT size: nominal FFT size for a DVB-C2 receiver is 4K
NOTE:  Further details are discussed in clause 10.1.

for i=0..xxx-1: when used with the signalling loops, this means that the corresponding signalling loop is repeated as
marny times as there are elements of the loop

NOTE: Ifthere are no elements, the whole loop is omitted.
Im(x): Imaginary part of x
Layer 1 (L1): name of the first layer of the DVB-C2 signalling scheme (signalling of physical layer parameters)
L1 block: set of L1-part2 COFDM Celis, cyclically repeated in the frequency domain

NOTE: LI Blocks are transmitted in the Preamble.

L1-partl: signalling catried in the header of the Data Slice Packets carrying modulation and coding parameters of the
related XFECFrame

NOTE: Ll-part] parameters may change per XFECFrame.

L1-part2: Layer 1 Signalling cyclically transmitted in the preamble carrying more detailed L1 information about the
2 System, Data Slices, Notches and the PLPs

NOTE: Ll-part2 parameters may change per C2 Frame.
Layer 2 (L2): name of the second layer of the DVB-C2 signalling scheme (signalling of transport layer parameters)

mod: modulo operator, defined as:
X
xmody=x- y[~J
y

mode adapter: input signal processing block, delivering BBFrames at its output

nny: digits 'nn’ should be interpreted as a decimal number

notch: set of adjacent OFDM Cells within each OFDM Symbol without transmitted energy
null packet: MPEG Packet with the Packet 1D 0x1FFF, carrying no payload data and intended for padding
OFDM cell: modulation value for one OFDM carrier during one OFDM Symbol, e.g. a single constellation point

OFDM symbol: waveform Ts in duration comprising all the active carriers modulated with their corresponding
modulation values and including the guard interval

Physical Layer Pipe (PLP): logical channel carried within one or multiple Data Slice(s)
NOTE 1: All signal components within a PLP share the same transmission parameters such as robustness, latency.

NOTE 2: A PLP may carry one or multiple services. In case of PLP Bundling a PLP may be carried in several Data
Slices, Transmission parameters may change each XFECFrame.

PLP bundling: transmission of one PLP via multiple Data Slices
PLP_ID: this 8-bit field identifies uniquely a PLP within a C2 transmission signal

preamble header: fixed size signalling transmitted in the first part of the Preamble, carrying the length and
Interleaving parameters of Layer 1 part 2 data

preamble symbol: one or multiple OFDM Symbols, transmitted at the beginning of each C2 Frame, carrying Layer 1
part 2 signalling data

Re(x): Real part of x

ETsI
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reserved for future use: value of any field indicated as "reserved for future use” shall be set to "0" unless otherwise
defined

START FREQUENCY: index of lowest used OFDM subcarrier of a C2 System. The value of
START_FREQUENCY shall be a multiple of Dy

x*: Complex conjugate of x

XFECFrame: FECFrame mapped onto QAM constellations:

. I_xJ : round towards minus infinity: the most positive integer less than or equal to x.

¢ [x]: round towards plus infinity: the most negative integer greater than or equal to x.

3.2 Symbols

For the purposes of the present document, the following symbols apply:

A4 Absolute guard interval duration

A LDPC codeword of size Mgy,

A4 LDPC codeword bits

ARM 32 output bits of Reed-Muller encoder

ARM Bit number of index { of 32 bit long output bits of Reed-Muller encoder

Mop, Top() Number of transmitted bits per constellation symbol (for PLP i)

L Permutation operator defining parity bit groups to be punctured for L1 signalling

T Permutation operator defining bit-groups to be padded for L1 signalling

Ay Output vector of the frequency interleaver of OFDM Symbol / and C2 Frame m

Acp Amplitude of the continual pilot cells

Agp Amplitude of the scattered pilot cells

Apig Frequency-Interleaved cell value, cell index g of symbol 7 of C2 Frame m

B(n) Location of the first Data Cell of symbol | allocated to Data Slice » in the frequency
interleaver

b 16 bit long FECFrame signalling data vector

b, do Output from the demultiplexer, depending on the demultiplexed bit sub-stream number e
and the input bit number d; of the bit interleaver demultiplexer

b; Bit number of index i of 16 bit long FECFrame signalling data vector

C/N Carrier-to-noise power ratio

C/N+HI Carrier-to-(Noise+Interference) ratio

C; Column of index { of time interleaver

¢; Column of index i of bit interleaver

clx) Equivalent BCH codeword polynomial

Conlk Cell value for carrier & of symbol ! of C2 Frame m

DFL Data field length

Dy Difference in carrier index between adjacent preamble-pilot-bearing carriers

D, Difference in carrier index between adjacent scattered-pilot-bearing carriers

D, Difference in symbol number between successive scattered pilots on a given carrier

d(x) Remainder of dividing message polynomual by the generator polynomial g(x) during BCH
encoding '

d; Input bit number d; of the bit interleaver demultiplexer

d, Bit number of a given stream at the output of the demultiplexer of the bit interleaver

Demultiplexed bit sub stream number (0 e < N,

ubsireams)> depending on input bit number
d; of the bit interleaver demultiplexer

fq Constellation point normalized to mean energy of 1
G Reed-Muller encoder matrix
a(x) BCH generator polynomial
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g1(x}, g2(x), ..., g;5(x) Polynomials to obtain BCH code generator polynomial

&y
Hig)
I

b

J

e beh

K

K Idpe

KLI _PADDING
KL pars?

KL Ipart2_ex_pad
KN, min

KN, max

N, bech

y, beh_parity

N, ¢

N, data

Npp

N, group

N, Lipart2

Nig part2_Cells

N} tpart2_FEC Block
N Lipart2 max_per Symbal

NLi 11 Depth

N, Lipari2_temp

N, ldpc

Nutop - per_Block
Nyop_ Total

N, pad

punc

2.2

punc_groups

punc_temp

Z=X

Complex cell of index ¢ of a Data Slice Packet

Frequency interleaver permutation function, element g
Output codeword of BCH encoder
BCH codeword bits which form the LDPC information bits

-1
&/l;ber of bits of BCH uncoded Block
L1 signalling part 2 parameter selected as N 1part?K5) <= N Ipart2_Cells* MOD
Number of bits of LDPC unceded Block
Length of L1_PADDING field
Length of L1-part2 signalling field including the padding field
Number of information bits in L1-part? signalling excluding the padding field
Lowest frequency carrier index of a frequency Notch
Highest frequency carrier index of a frequency Notch
Number of signalling bits per FEC block for L1 signalling part 2
Lowest frequency carrier index of a C2 signal, shall be identical to the

START_FREQUENCY and shall be multiple of Dy
Highest frequency carrier index of a C2 signal, shall be multiple of Dy

Number of OFDM carriers per OFDM symbol

Absolute OFDM carrier index
Number of data OFDM Symbols per C2 Frame (excluding Preamble)

Number of OFDM Symbols per C2 Frame including excluding preamble
Number of preamble OFDM Symbols within the C2 Frame

Index of OFDM Symbol within the C2 Frame (excluding preamble)
Index of preamble OFDM Symbol in C2 Frame

C2 Frame number
Message polynomial within BCH encoding
Input bit of index 7 from uncoded bit vector M before BCH encoder

Uncoded bit vecter before BCH encoder
Maximum Sequence length for the frequency interleaver

Number of bits of BCH coded Block

Number of BCH parity bits

Number of columns of bit or time interleaver

Number of Data Cells in a Data Slice in frequency interleaver

Number of complex cells per Data Slice Packet

Number of bit-groups for BCH shortening

Length of punctured and shortened LDPC codeword for L1-part2 signalling

Number of available cells for L1 signalling part 2 in one OFDM Symbol

Number of LDPC blocks for the L1 signalling part 2

Maximum number of L1 information bits for transmitting the encoded L1 signalling part 2

through one OFDM Symbol
Time interleaving depth for L1 signalling part 2

Intermediate value used in L1 puncturing calculation

Number of bits of LDPC coded Block

Number of modulated cells per FEC block for the L1-part2 signalling

Total number of modulated cells for the L1-part2 signalling

Number of BCH bit-groups in which all bits will be padded for L1-part2 signalling
Number of LDPC parity bits to be punctured

Number of parity groups in which all parity bits are punctured for L1 signalling
Intermediate value used in L1 puncturing calculation

Number of bits in Frequency Interleaver sequence

Number of rows of bit or time interleaver
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Number of reserved carriers
Number of substreams produced by the bit-to-sub-stream demultiplexer

Data slice number
Power spectral density

LDPC parity bits
Code-rate dependent LDPC constant

Data Cell index within the OFDM Symbol prior to frequency interleaving and pilot
msertion
Effective code rate of 16K LDPC with nominal rate Y2

Effective code rate of L1-part2 signalling

Row of index 7 of time interleaver

Value of element i of the frequency interleaver sequence following bit permutations
Value of element i of the frequency interleaver sequence prior to bit permutations
Row of index 7 of bit interleaver

DBPSK modulated pilot reference sequence

List of reserved carriers

Elementary period
Column-twist value for column C of time interleaver

Component set of carrier indices for reserved carriers
Duration of one C2 Frame

Time interleaving period

Total OFDM Symbol duration

Useful OFDM Symbol duration

BCH error correction capability
Column-twist value for column ¢ of bit interleaver

Parity interleaver output
User Packet Length
Parity-interleaver output bits

32 bit output vector of the cyclic delay block in the FECFrame header encoding
Output of the cyclic delay block for input bit i in the FECFrame header encoding

Column-twist interleaver output
Column-twist interleaver output bits

Output vector of frequency interleaver, starting at carrier index i (= Data slice start carrier)
of the current OFDM Symbol / and C2 Frame m

Scrambled output sequence in the lower branch of the FECFrame header encoder

Bit i of scrambled output sequence in the lower branch of the FECFrame header encoder
Bit i of the data scrambling sequence

32 bit scrambling sequence in the lower branch of the FECFrame header encoder

Bit i of scrambling sequence in the lower branch of the FECFrame header encoder

Pilot synchronization sequence, build out of w, and w

Bit of index & of pilot synchronization sequence

L1 block specific pilot synchronization sequence

Bit of index & of L1 block specific pilot synchronization sequence

The set of bits in group j of BCH information bits for L1 shortening

Frequency interleaver input Data Cells of the OFDM Symbol ! and the C2 Frame m
Address of the parity bit accumulator according to /35, in LDPC encoder

Bit / of ¢ell word g from the bit-to-cell-word demultiplexer

Constellation point prior to normalization

The symbols s, ¢, i, j, k are also used as dummy variables and indices within the context of some clauses or equations.
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In general, parameters which have a fixed value for a particular PLP for one processing block (e.g. C2 Frame,
Interleaving Frame, TI-block) are denoted by an upper case letter. Simple lower-case letters are used for indices and
dummy variables. The individual bits, cells or words processed by the various stages of the system are denoted by lower
case letters with one or more subseripts indicating the relevant indices.

3.3 Abbreviations

For the purposes of the present document, the following abbreviations apply:

1024QAM
16QAM
256QAM

1024-ary Quadrature Amplitude Modulation
16-ary Quadrature Amplitude Modulation
256-ary Quadrature Amplitude Modulation

4096QAM 40%6-ary Quadrature Amplitude Modulation

64QAM
ACM
AWGN
BB
BBFrame
BCH
BCHFEC
BICM
C/N
C/N+!
CATV
CBR
CCM
CRC

D
DBPSK
DEMUX
DFL
DNP
DVB
DVB-C

NOTE:
DVB-C2
NOTE:
DVB-$
NOTE:
DVB-82
NOTE:
DVB-T
NOTE:
DVB-T2
NOTE:

EBU
EIT
EMM
FEC
FFT
FIFO
GCS

64-ary Quadrature Amplitude Modulation
Adaptive Coding and Modulation
Additive White Gaussian Noise
BaseBand

BaseBand Frame
Bose-Chaudhuri-Hocquenghem multiple error correction binary block code
BCH Forward Error Correction

Bit Interleaved Coding and Modulation
Carrier to noise ratio

Carrier to noise and intermodulation power ratio
Community Antenna Television

Constant Bit Rate

Constant Coding and Modulation

Cyclic Redundancy Check

Decimal notation

Differential Binary Phase Shift Keying
DEMUltipleXer

Data Field Length

Deleted Null Packets

Digital Video Broadcasting project

DVB System for cable transmission

As defined in EN 300 429 [i.5).

DVB-C2 System
As specified in the present document.

DVB System for digital broadcasting via satellites
As specified in EN 300 421 [1.8].

Second Generation DVB System for satellite broadcasting
As specified in EN 302 307 [i.3].

DVB System for terrestrial broadcasting
As specified in EN 302 755 [i.6].

Second Generation DVB System for terrestrial broadcasting
As specified in EN 302 755 [i.6].

European Broadcasting Union

Event Information Table (DVB SI Table)
Entitlement Management Message
Forward Error Correction

Fast Fourier Transformation

First In First Out

Generic Continuous Stream
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GF
GFPS
Gl

GS
GSE
HDTV
HEM
HFC
IF
IFFT
IS
ISCR
ISI
ISSY
ISSY]
Kbit
LDPC
LDPCFEC
LSB
MATV
Mbit
MIS
MPEG
MSB

15

Galois Field

Generic Fixed-length Packetized Stream
Guard Interval

Generic Stream

Generic Stream Encapsulation
High Definition Television

High Efficiency Mode

Hybrid Fibre Coax

Intermediate Frequency

Inverse Fast Fourier Transform
Interactive Services

Input Stream Clock Reference
Input Stream Identifier

Input Stream SYnchronizer

Input Stream SYnchronizer Indicator
210= 1 024 bits

Low Density Parity Check (codes)
LDPC Forward Error Correction
Least Significant Bit

Master Antenna Television

220 = § 048 576 bits

Multiple Input Stream

Moving Pictures Experts Group
Most Significant Bit

NOTE: In DVB-C2 the MSB is always transmitted first,

NA
NM
NPD
OFDM
PAPR
PCR
PER
PID
PLL
PLP
PRBS
QAM
QEF
QPSK
RF
SDT
SDTV
SIS
TDM
TF

TI

TS
TSPS
TSPSC
TSPSS
Up
UPL
VCM
XFECFrame

Not Applicable

Normal Mode

Null Packet Deletion

Orthogonal Frequency Division Multiplex
Peak to Average Power Ratio
Presentation Clock Reference

(MPEG TS) Packet Error Rate

Packet IDentifier

Phase-Locked Loop

Physical Layer Pipe

Pseudo Random Binary Sequence
Quadrature Amplitude Modulation

Quasi Error Free

Quaternary Phase Shift Keying

Radio Frequency

Service Description Table (DVB Sl Table)
Standard Definition TV

Single Input Stream

Time Division Multiplex
Time/Frequency

Time Interleaver

Transport Stream

Transport Stream Partial Stream
Transport Stream Partial Stream Common
Transport Stream Partial Stream Synchronized
User Packet

User Packet Length

Variable Coding and Modulation

XFEC Frame
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4 DVB-C2 System architecture

4.1 System overview

The generic C2 System model is represented in figure 1. The system input(s) may be one or more MPEG-2 Transport
Stream(s) [i.1] and/or one or more Generic Stream(s) [i.2]. The luput pre-processor, which is not part of the C2 System,
may include a service splitter or a demultiplexer for Transport Streams (TS) used to separate the services into the €2
System inputs, which are one or more logical data streams. These are then carried in individual Physical Layer

Pipes (PLPs).

The system output is a single signal to be transmitted on a single RF channel.

A A A LA AN A AN N N NN RN EE NN AR N NN NN NSO Ee N AR NR RS Sa SRR IARR RN RS NSRRI N RN RN RN [

T nput o Data Sli |
. Interleaved il Sl OFDM |
oy PPOCBSSING |77 Coging & [ *Frame T generation T
I Modulation Builder ;
TSor
T C2 system : DVB-C2
GSE |nputs..............................-..............................¥ .............................................................. H output

Figure 1: High level C2 block diagram

The input data streams shall be subject to the constraint that, over the duration of one physical-layer frame (C2 Frame),
the total input data capacity (in terms of cell throughput, following Null Packet Deletion, if applicable, and after coding
and modulation}, shall not exceed the C2 available capacity (in terms of Data Cells, constant in time) of the C2 Frame
for the current frame parameters. One or more PLPs are arranged in a group of PLPs and one or more of such groups of
PLPs form a Data Slice. A C2 System may consist of one or more Data Slices. Each group of PLPs may contain one
Common PLP, but a group of PLPs need not contain a Common PLP. When the DVB-C2 signal carries a single PLP
there is no Common PLP. [t is assumed that the receiver will always be able to receive one Data PLP and its associated
Common PLP, if any.

More generally, the group of statistically multiplexed services can use Variable Coding and Modulation (VCM) for
different services, provided they generate a constant total output capacity (i.e. in terms of cell rate including FEC and
modulation).

When multiple input MPEG-2 TSs are transmitted via a group of PLPs, splitting of input TSs into TSPS streams
(carried via the Data PLPs) and a TSPSC stream (carried via the associated Common PLP), as described in annex D,
shall be performed immediately before the Input processing block shown in figure 1. This processing shall be
considered an integral part of an extended DVB-C2 System.

4.2 System architecture

The C2 input processing block diagram is shown in figures 2, which is split into several parts. Figure 2(a) shows the
input processing in case of multiple PLPs. Figure 2(a) shows the BICM module and figure 2(c) shows the frame builder
module. Figure 2(d) shows the OFDM generation module.
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Figure 2(b): Bit Interleaved Coding and Modulation (BICM)
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PLPO
———¥ Data Slice Time Frequency
PLP1 1 —¥ Intedeaver M Interleaver [~ .
' Builder Frame Builder
' {assembles
—— the cells of
PLPn data slices and
: L1 signalling To OFDM
: into arays generation
! corresponding to
= Data Slice OFDM symbols. ———»
-_— n L3 Time | Frequency .
! Builder Interleaver Interleaver
]
—_—y]
L1 header L1 Block
¥ Buider, ¥ Freauency iy
incl Intetleaver
L1 data Header
—® Time ¥ insertion
Intereaver
Figure 2(c): Data Slice + Frame builder
Pilot Guard
—Minsention W FFT — interval —¥ DAC | —»
. insertion
From data slice To RF
& frame builder converter

Figure 2(d): OFDM generation

Figure 2(e) combines the functions given in figures 2(a) to 2(d) in one simplified overall DVB-C2 block diagram.
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Figure 2(e): DVB-C2 modulator block diagram
4.3 Target performance

If the received signal is above the C/N+I threshold, the Forward Error Correction (FEC) technique adopted in the C2
System is designed to provide a "Quasi Error Free" (QEF) quality target. The definition of QEF adopted for DVB-C2 is
"less than one uncorrected error-event per transmission hour at the level of a 5 Mbit/s single TV service decoder",
corresponding to a Transport Strearn Packet Error Rate of approximately PER < 10-7 measured at the input of the
demultiplexer unit at the receiving end.

) Input processing

5.1 Mode adaptation

The input to the C2 System shall consist of one or more logical data streams. One logical data stream is carried by one
Physical Layer Pipe (PLP). The mode adaptation modules, which operate separately on the contents of each PLP, slice
the input data stream into data fields which, after stream adaptation, will form baseband frames (BBFrame). The mode
adaptation medule comprises the input interface, followed by three optional sub-systems (the input stream synchronizer,
the Null Packet deletion umt and the CRC-8 encoder) and then finishes by slicing the incoming data stream nto data
fields and inserting the baseband header (BBHeader) at the start of each data field. Each of these sub-systems is
described in the following clauses.

Each input PLP may have one of the formats specified in clause 5,1.1. The mode adaptation module can process input
data in one of two modes, normal mode (NM) or high efficiency mode (HEM). These modes are described in

clauses 5.1.6 and 5.1.7 respectively. NM is in line with the Mode Adaptation in [i.3], whereas in HEM, further stream
specific optimizations may be performed to reduce signalling overhead. The BBHeader (see clause 5.1.6) signals the
input stream type and the processing mode
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5.1.1 Input Formats

The input signals in terms of either single or multiple streams (one connected to each Mode Adaptation Module)

(see figure 1) shall be supplied to the Mode Adaptation Module(s). In the case of a Transport Stream (TS), the packet
rate will be a constant value, although only a proportion of the packets may correspond to service data and the
remainder may be Null Packets.

Each input stream (PLP) of the C2 System shall be associated with a modulation and FEC protection mode which is
statically configurable.

Each input PLP may take one of the following formats:

e  Transport Stream (TS).
. Generic Encapsulated Stream (GSE) [i.2].

e Generic Continuous Stream (GCS) (a variable length packet stream where the modulator is not aware of the
packet boundaries).

*  Generic Fixed-length Packetized Stream (GFPS); this form is retained for compatibility with DVB-32, but it is
expected that GSE would now be used instead.

A Transport Stream shall be characterized by User Packets (UP) of fixed length O-UPL = 188 x 8 bits (one MPEG TS
packet), the first byte being a SYNC byte (47, gx) and shall be signalled in the BBHeader TS/GS field, see clause 5.1.6.

A GSE stream shall be characterized by variable length packets or constant length packets, as signalled within GSE
packet headers, and shall be signalled in the BBHeader by TS/GS field, see clause 5.1.6.

A GCS shall be characterized by a continuous bit-stream and shall be signalled in the BBHeader by TS/GS field and
UPL = Oy, see clause 5.1.6. A variable length packet stream where the modulator is not aware of the packet boundaries,

or a constant length packet stream exceeding 64 kbit, shall be treated as a GCS, and shall be signalled in the BBHeader
by TS/GS field as a GCS and UPL = Op, see clause 5.1.6.

A GFPS shall be a stream of constant-length User Packets (UP}, with length O-UPL bits (maximum O-UPL value
64 K), and shall be signalled in the BBHeader TS/GS field, see clause 5.1.6. O-UPL is the Original User Packet Length.
UPL is the transmitted User Packet Length, as signalled in the BBHeader.

5.1.2 Input Interface

The input interface sub-system shall map the input into internal logical-bit format. The first received bit will be
indicated as the Most Significant Bit (MSB). Input interfacing is applied separately for each single Physical Layer Pipe
(PLP), see figure 2(a).

The Input Interface shall read a data field, composed of DFL bits (Data Field Length), where:
0 < DFL = (K}, - 80)
where K, is the number of bits protected by the BCH and LDPC codes (see clause 6.1).

The maximum value of DFL depends on the chosen LDPC code, carrying a protected payload of K}, bits. The 10-byte
(80 bits) BBHeader is appended to the front of the data field, and is also protected by the BCH and LDPC codes.

The input interface shall either allocate a number of input bits equally to the available data field capacity, thus breaking
UPs in subsequent data fields (this operation being called "fragmentation"), or shall allocate an integer number of UPs
within the data field (no fragmentation). The available data ficld capacity is equal to K}, - 80. When the value of

DFL < Ky, - 80, a padding field shall be inserted by the stream adapter (see clause 5.2) to complete the LDPC/BCH
code block capacity.
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51.3 Input Stream Synchronization (Optional)

Data processing in the DVB-C2 modulator may produce variable transmission delay on the user information. The Input
Stream Synchronizer sub-system shall provide suitable means to guarantee Constant Bit Rate (CBR) and constant
end-to-end transmission delay for any input data format. The use of the Input Stream Synchronizer subsystem is
optional, except that it shall always be used for PLPs carrying transport streams where the number of FEC blocks per
C2 Frame may vary. This process shall follow the specification given in annex C, which is similar to [i.3]. Examples of
receiver implementation are given in annex G. This process will also allow synchronization of a single PLP travelling in
different Data Slices, since the reference clock and the counter of the input stream synchronizers shall be the same

(see annex F).

The ISSY field (Input Stream Synchronization, 2 bytes or 3 bytes) carries the value of a counter clocked at the
modulator clock rate (1/7 where T 1s defined in clause [0.) and can be used by the receiver to regenerate the correct
timing of the regenerated output stream. The ISSY field carriage shall depend on the input stream foermat and on the
Mode, as defined in clauses 5.1.6 and 5.1.7 and figures 4 to 8. In Normal Mode the ISSY Field is appended to UPs for
packetized streams. In High Efficiency Mode a single [SSY field is transmitted per BBFrame in the BBHeader, taking
advantage that UPs of a BBFrame travel together, and therefore experience the same delay/jitter.

When the ISSY mechanism 1s not being used, the corresponding fields of the BBHeader, if any, shall be set to '0".

A full description of the format of the ISSY field is given in annex C.

5.1.4  Null Packet Deletion (optional, for TS only, NM and HEM)

Transport Stream rules require that bit rates at the output of the transmitter's multiplexer and at the input of the
receiver's demultiplexer are constant in time and the end-to-end delay is also constant. For some Transport Stream input
signals, a large percentage of Null Packets may be present in order to accommodate variable bit-rate services in a
constant bit-rate TS. In this case, in order to avoid unnecessary transmission overhead, TS Null Packets shall be
identified (PID = 8191} and removed. The process is carried out in a way that the removed Null Packets can be

re-inserted in the receiver in the exact place where they were originated, thus guaranteeing a constant bit rate and
avoiding the need for time stamp (PCR) updating.

When Null Packet Deletion is used useful packets (i.e. TS packets with PID # 8191p), including the optional ISSY
appended field shall be transmitted while Null Packets (i.e, TS packets with PID = 8191, including the optional ISSY
appended field may be removed (see figure 3).

After transmission of a UP, a counter called DNP (Deleted Null Packets, 1 byte) shall be first reset and then
incremented at each deleted Null Packet. When DNP reaches the maximum allowed value DNP = 255, then if the

following packet is again a Null Packet this Null Packet is kept as a useful packet and transmitted.

Insertion of the DNP field {1 byte) shall be after each transmitted UP according to clause 5.17 and figure 3.
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Figure 3: Null Packet deletion scheme

5.1.5 CRC-8 encoding (for GFPS and TS, NM only)

CRC-8 is applied for error detection at UP level (Normal Mode and packetized streams only). When applicable

(see clause 5.1.7), the UPL minus 8 bits of the UP (after SYNC byte removal, when applicable) shall be processed by
the systematic 8-bit CRC-8 encoder defined in annex E. The computed CRC-8 shall be appended after the UP according
to clause 5.1.7,

5.1.6  Baseband Header (BBHeader) insertion

A fixed length BBHeader of 10 bytes shall be inserted in front of the baseband data field in order to describe the format
of the data field. The BBHeader shall take one of two forms as shown in figure 4(a) for Normal Mode (NM) and in
figure 4(b) for High Efficiency Mode (HEM). The current mode (NM or HEM) may be detected by the MODE field
{EXORed with the CRC-8 field).

MATYPE UPL DFL SYNC SYNCD ﬁ%%'g
(2 bytes) {2 bytes} (2 bytes) {1 byte) (2 byles) {1 byte)

Figure 4{a): BBHeader format (NM)

MATYPE ISSY 2MSB DFL ﬁg; SYNCD fﬁ%%'g
(2 bytes) {2 bytes) (2 bytes) {1 byte) (2 bytes) (1 byte)

Figure 4(b): BBHeader format (HEM)

MATYPE (2 bytes): describes the input stream format and the type of Mode Adaptation as explained in table 1.
The use of the bits of the MATYPE field is described below,
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. TS/GS field (2 bits), Input Stream Format: Generic Packetized Stream (GFPS); Transport Stream; Generic
Continuous Stream (GCS); Generic Encapsulated Stream (GSE).

. SIS/MIS field (1 bit): Single or Multiple Input Streams (referred to the global signal, not to each PLP).

e  CCM/ACM field (1 bit): Constant Coding and Modulation or Variable/Adaptive Coding and Modulation.

. ISSYI (1 bit), (Input Stream Synchronization Indicator): If ISSYI = { = active, the ISSY field shall be
computed (see annex C) and inserted according to clause 5.1.7.

e NPD (1 bit): Null Packet deletion active/not active. If NPD active, then DNP shall be computed and appended
after UPs.

. EXT (2 bits), media specific (for C2, EXT=0: reserved for future use).

Table 1: MATYPE-1 field mapping

TS/GS (2 bits) SIS/MIS (1 bit) | CCM/ACM (1 bit) | ISSYI(1 bit) | NPD {1 bit) EXT (2 bits)
00 = GFPS 1 =single 1=CCM 1 = active 1 = active Reserved for future
11=T8 0 = multiple 0=ACM 0 = not-active |0 = not-active |use
01 =GCS (see note 1)

10 = GSE

NOTE 1: For C2, EXT=reserved for future use and for S2, EXT=RO =transmission roll-off.

NOTE 2: For compatibility with DVB-S2 [i.3], when GSE is used with normal mede, it shall be treated as a
Continuous Stream and indicated by TS/GS = 01.

Second byte (MATYPE-2):

. If S1S/MIS = Multiple Input Stream, then second byte = Input Stream Identifier (181); else second byte ='0'

(reserved for future use).

NOTE:

The term IS1 is retained here for compatibility with DVB-S2 [i.3], but has the same meaning as the term

PLP_ID which is used throughout the present document.

The use of the remaining fields of the BBHeader is described in table 2,

Table 2: Description of the fields of the BBHeader

Field Size (Bytes) Description

MATYPE 2 As described above,

UPL 2 User Packet Length in bits, in the range [0,65535].

DFL 2 Data Field Length in bits, in the range [0,58112].

SYNC 1 A copy of the User Packet SYNC byte. In the case of GCS, SYNC=0x00-0xB8 is
reserved for transport layer protocol signalling and shall be set according to [1],
SYNC=0xB9-0xFF user private,

SYNCD 2 The distance in bits from the beginning of the DATA FIELD to the beginning of the first
transmitted UP which starts in the data field. SYNCD=0p means that the first UP is
aligned to the beginning of the Data Field. SYNCD = 65535, means that no UP starts
in the DATA FIELD; for GCS, SYNCD is reserved for future use and shall be set to 0
uniess otherwise defined.

CRC-8 MCDE The XOR of the CRC-8 (1-byte} field with the MODE field (1-byte). CRC-8 is the error

detection code applied to the first 3 bytes of the BBHeader (see annex E).
MODE (8 bits) shall be:
¢ 0p Normal Mode.

» 1, High Efficiency Mode.
s Cther values: reserved for future use.
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5.1.7 Mode adaptation sub-system output stream formats

This clause describes the mode adaptation processing and fragmentation for the various modes and input stream
formats, as well as illustrating the output stream format.

Normal Mode, GFPS and TS

See clause 5.1.6 for BBHeader signalling.
For Transport Stream, O-UPL=188x8 bits, and the first byte shall be a SYNC byte (47gy). UPL (the transmitted User

Packet

Length) shall initially be set equal to O-UPL.

The mode adaptation unit shall perform the following sequence of operations (see figure 5):

Optional input stream synchronization (see clause 5.1.3); UPL increased by 16, or 24y, bits according to ISSY

field length; 1SSY field appended after each UP. For TS, either the short or long format of ISSY may be used;
for GFPS, only the short format may be used.

If a SYNC byte is the first byte of the UP, it shall be removed, and stored in the SYNC field of the BBHeader,
and UPL shall be decreased by 8y, Otherwise SYNC in the BBHeader shall be set to 0 and UPL shall remain

unmodified.

For TS only, optional Null Packet Deletion (see clause 5.1.4); DNP computation and storage after the next
transmitted UP; UPL increased by 8.

CRC-8 computation at UP level (see clause 5.1.5); CRC-8 storage after the UP; UPL increased by 8p,

SYNCD computation (pointing at the first bit of the first transmitted UP which starts in the Data Field) and
storage in BBHeader. The bits of the transmitted UP start with the CRC-8 of the previous UP, if used, followed
by the original UP itself, and finish with the ISSY and DNP fields, if used. Hence SYNCD points to the first bit
of the CRC-8 of the previous UP.

For GFPS: UPL storage in BBHeader.

NOTE 1: O-UPL in the modulator may be derived by static setting (GFPS only) or un-specified automatic

signalling.

NOTE 2: Normal Mode is compatible with DVB-S2 BBFrame Mode Adaptation [i.3]. SYNCD=0 means that the

UP is aligned to the start of the Data Field and when present, the CRC-8 {belonging to the last UP of the
previous BBFrame) will be replaced in the receiver by the SYNC byte or discarded.

Time
: : TS
Packetised Stream . o UPL > . only
“T&]" origmat [§[e]&] Driginal Original Origial Original
¥ gp s*f Egp tEE L?P taé Ug;.‘! #Eé [_?p #E
{80 bits : SYNCD FL : : Optional
i o — -
i BBHEADER DATA FIELD
MATYPE UPL DFL SYNC SYNCD CRC-8
(2 bytes) {2 bytes) {2 bytes) (1 byte) {2 bytes) MODE({1 byte)

Figure 5: Stream format at the output of the Mode Adapter, Normal Mode, GFPS and TS
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High Efficiency Mode, Transport Streams

For Transport Streams, the receiver knows a-priori the SYNC byte configuration and O-UPL=188x3 bits, therefore
UPL and SYNC fields in the BBHeader shall be re-used to transmit the 1SSY field. The Mode Adaptation unit shall
perform the following sequence of operations (see figure 6):

Optional input stream synchronization (see clause 5.1.3) relevant to the first complete transmitted UP of the
data field; ISSY field inserted in the UPL and SYNC fields of the BBHeader.

Sync-byte removed, but not stored in the SYNC field of the BBHeader.
Optional Null Packet Deletion (see clause 3.1.4); DNP computation and storage after the next transmitted UP.
CRC-8 at UP level shall not be computed nor inserted.

SYNCD computation (pointing at the first bit of the first transmitted UP which starts in the Data Field) and
storage in BBHeader. The bits of the transmitted UP start with the original UP itself after removal of the SYNC
byte, and finish with the DNP field, if used. Hence SYNCD points to the first bit of the original UP following
the SYNC byte.

UPL not computed nor transmitted in the BBHeader.

>
" : ' " Time
Transport Stream : : ' :
B orignal ¥ dﬁginal Origmnal Original & il Onginal
UP Up . UP up ¢ UP
- : H :
: SYNCD : : : \ Optional
< 80 bits . DFL »:
BBHEADER DATA FIELD
e
MATYPE 1S8Y DFL ISSY SYNCD CRC-8
{2 bytes) {2MSB) (2 bytes) {1 LSB) (2 bytes) MODE (4 byte)

Figure 6: Stream format at the output of the Mode Adapter, High Efficiency Mode for TS,
{no CRC-8 computed for UPs, optional single ISSY inserted

\Op[nnal r

in the BBHeader, UPL not transmitted)

Normal Mode, GCS and GSE

See clause 5.1.6 for BBHeader signalling. For GCS the input stream shall have no structure, or the structure shall not be
known by the modulator. For GSE the first GSE packet shall always be aligned to the data field (no GSE fragmentation
allowed).

For both GCS and GSE the Mode Adaptation unit shall perform the following sequence of operations (see figure 6):

Set UPL=0p; set SYNC=0x00-0xB8$ is reserved for transport layer protocol signalling and should be set

according to Reference [1], SYNC~0xB9-0xFF user private; SYNCD is reserved for future use and shall be set
to Op when not otherwise defined.

Null Packed Deletion (see clause 5.1.4) and CRC-8 computation for Data Field (see clause 5.1.5) shall not be

performed.
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B
- H Time
Genaric Continuous E E
Stream - .
: bit : :
f BObits i DFL i
BBHEADER DATA FIELD
MATYPE uPL DFL SYNC SYNCD CRC:8
(2 bytes) {2 byles) {2 bytes) I({_I byte) | (2'bytes} | MODE(1byte) |

Figure 7: Stream format at the output of the Mode Adapter, Normal Mode {(GSE & GCS)

High Efficiency Mode, GSE

GSE variable length or constant length UPs may be transmitted in HEM. If GSE packet fragmentation is used, SYNCD
shall be computed. If the GSE packets are not fragmented, the first packet shall be aligned to the Data Field and thus
SYNCD shall always be set to Opy. The receiver may derive the length of the UPs from [i.2], therefore UPL

transmission in BBHeader is not performed. As per TS, the optional ISSY field is transmitted in the BBHeader.

The Mode Adaptation unit shall perform the following sequence of operations (see figure 7):

e  Optional input stream synchronization (see clause 5.1.3) relevant to the first transmitted UP which starts in the
data field; ISSY field inserted in the UPL and SYNC fields of the BBHeader.

¢ Null Packet Deletion and CRC-8 at UP level shall not be computed nor inserted.

¢  SYNCD computation (pointing at the first bit of the first transmitted UP which starts in the Data Field) and
storage in BBHeader. The transmitted UP corresponds exactly to the original UP itself. Hence SYNCD points
to the first bit of the original UP.

+  UPL not computed nor transmitted.

p . UPL (in GSE Headers) _ ) <
. H H H Time
GSE : ———pi .
uP 2yp up UP: up
E‘_*SYNCD i User Packet .
i B8O bits . ) i .
H i DFL o
BBHEADER DATA FIELD
MATYPE ISSY DFL ISSY SYNCD CRC-8
(2 bytes} {2 MSB) {2 bytes) (1 LSB) (2 bytes) MODE (1 byte) |

\Oplional /V

Figure 8: Stream format at the output of the Mode Adapter, High Efficiency Mode for GSE,
{no CRC-8 computed for UPs, optional single ISSY inserted
in the BBHeader, UPL not transmitted)

ETS!



27 ETSIEN 302 769 V1.2.1 (2011-04)

High Efficiency Mode, GFPS and GCS

These modes are not defined (except for the case of TS, as described above).

5.2 Stream adaptation

Stream adaptation (see figures 2(a) to 2(c)) provides:
a)  scheduling (see clause 5.2.1);
b)  padding (see clause 5.2.2) to complete a constant length (K, bits) BBFrame;
¢) scrambling (see clause 5.2.3) for energy dispersal,

The input stream to the stream adaptation module shall be a BBHeader followed by a DATA FIELD. The output stream
shall be a BBFrame, as shown in figure 9.

_ 80bits DFL o Kpen-DFL-80
BBHEADER DATAFIELD PADDING
< BBFRAME (Koch bits) >

Figure 9: BBFrame format at the output of the stream adapter

521 Scheduler

In order to generate the required L1-part2 signalling information, the scheduler shall decide together with the Data Slice
builder which Data Slices of the final C2 System will carry data belonging to which PLPs, as shown in figures 2(a) to
2(c). Although this operation has no effect on the data stream itself at this stage, the scheduler shall already define the
composition of the Data Slice and C2 Frame structure, as described in clause 7,

5.2.2  Padding

Ky, depends on the FEC rate, as reported in tables 3(a) and 3(b). Padding may be applied in circumstances when the

user data available for trangmission is not sufficient to completely fill a BBFrame, or when an integer number of UPs
has to be allocated in a BBFrame.

{(Kycp-DFL-80) zero bits shall be appended after the DATA FIELD. The resulting BBFrame shall have a constant length
of Ky 4, bits.

5.2.3 BB scrambling

The complete BBFrame shall be randomized. The randomization sequence shall be synchronous with the BBFrame,
starting from the MSB and ending after K, bits.

The scrambling sequence shall be generated by the feed-back shift register of figure 10, The polynomial for the Pseudo
Random Binary Sequence (PRBS) generator shall be:

1+ X144 x15
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Loading of the sequence (100101010000000} into the PRBS register, as indicated in figure 10, shali be initiated at the
start of every BBFrame.

Initialization sequence
i 0o 0o 1 0 1 0 1 O 0 0 O O 0 O

™1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 |>

00000011 ...
o«

EXOR

clear BBFrame input @ >
Randomised BBFrame output

Figure 10: Possible implementation of the PRBS encoder

6 Bit-interleaved coding and modulation

6.1 FEC encoding

This sub-system shalt perform outer coding (BCH), inner cading (LDPC) and bit interleaving. The input stream shall be
composed of BBFrames and the output stream of FECFrames,

Each BBFrames (K, bits) shall be processed by the FEC coding sub-system, to generate a FECFrame (Nygpc bits). The

parity check bits (BCHFEC) of the systematic BCH outer code shall be appended after the BBFrame, and the parity
check bits (LDPCFEC) of the inner LDPC encoder shall be appended after the BCHFEC field, as shown in figure 11,

Noeh= Kpe

v

&

Koch Noar-Koch NigpeKidpe

=l ] 2 ol
Ll Ll 1

BBFrame BCHFEC LDPCFEC

(Mdpc bltS)

¥

A

Figure 11: Format of data before bit interleaving
(Nldpc = 64 800 bits for normal FECFrame, N,dpc = 16 200 bits for short FECFrame)

Table 3(a) defines the FEC coding parameters for the normal FECFrame (Nldpc = 64 800 bits) and table 3(b) for the
short FECFrame (N]dpc = 16 200 bits).
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Table 3(a): Coding parameters {for normal FECFrame Nigpc = 64 800)

LDPC BCH Uncoded | BCH coded block N, BCH NoenKoen LDPC Coded Block
Code Block K, ., LDPC Uncoded Block [t-error correction Nygoc
Kldpc
213 43 040 43 200 10 160 64 800
3/4 48 408 48 600 12 192 64 800
4/5 51648 51 840 12 192 64 800
5/6 53 840 54 000 10 160 64 800
9/10 58 192 58 320 8 128 64 800
Table 3(b): Coding parameters (for short FECFrame N,dpc =16 200)
LDPC BCH Uncoded (BCH coded block N, BCH NpcnKoch Effective LDPC Coded
Code Block K., LDPC Uncoded Block t-error LDPC Rate Block
Identifier Kipe correction Kgpd/16 200 Nigpe
1/2 7032 7 200 12 168 4/9 16 200
{see note)
2/3 10 632 10 800 12 168 213 16 200
3/14 11712 11 880 12 168 11/15 16 200
4/5 12 432 12 600 12 168 7/9 16 200
5/6 13 152 13 320 12 168 37/45 16 200
8/9 14 232 14 400 12 168 8/9 16 200
NOTE:  This code rate is only used for protection of L1 pre-signalling and not for data.

NOTE:

6.1.1

For Ny, = 64 800 and for Ny, = 16 200 the LDPC code rate is given by Ky, / Ny, In table 3(a) the
LDPC code rates for Ny, = 64 800 are given by the values in the 'LDPC Code’ column. In table 3(b) the
LDPC code rates for N,dpc 16 200 are given by the values in the 'Effective LDPC rate’ column, i.e. for
Nigpe =16 200 the 'LDPC Code identifter' is not equivalent to the LDPC code rate.

Outer encoding (BCH)

A t-error correcting BCH (N, Kpop,)} code shall be applied to each BBFrame to generate an error protected packet. The
BCH code parameters for Nldpc 64 800 are given in table 3(a) and for N,dpc =16 200 in table 3(b).

The generator polynomial of the ¢ error correcting BCH encoder is obtained by multiplying the first / polynomials in
table 4(a) for Nygpc = 64 800 and in table 4(b) for Ntdpc =16 200,

Table 4(a): BCH polynomials {for normal FECFrame N,dpc = 64 800)

94(%)  H+xZex3+x54x18

92(%)  |texrxtexSeaBexBaxlb

9500 [14x24x3+x1xBrxT +xB1x04x 101 12516
94%)  [1+xZexbexBaxPex i lex 124y 144516

gs(x) 1t x2e x4 xT+ x84 x T4 x 1045114124416
gg(x) 10 xS T By B 104y 12451345 144015416
97070 1932+ x00xBrxBax02x 1045 11345154516
9a(%)  14xx2+x54xB5xBaxux124x 134414416
9glx) | 14x04xT4xFex 1045114416

910X} |1 4xax24x54x7 #x84x 104 x124x 134144516
91108 123455530 x 1 4x 1 Zax 13416

G120%) | 14x+x0+xBaxT 454511412416
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Table 4(b): BCH polynomials (for short FECFrame N,dpc =16 200)

9,4(x) 14xx3 00+ x 14

3,(x) 1436438411414

gs(x) 1+x+x2+x84x943 104514

9400 (10847 +x8+x10n 124514

gs(x) 14324 x4 x04xB4x 045114513414
gg(%) 1+x3ex7 +x8+x04x 13414

9% [1#x2ra0r30exT+x 0ax! 14134514
95 [0t xraOx Ox Tex 1

gg{x) 1t x2 xS+ x e x 10414

908 [1:0+10 00 lex 1 2ex 14

2133} |1axtet 124414

012X Mexrx@exd+x0x0ex +x8+x10ax 13414

BCH encoding of information bits M= {m Kyt Pk =200 T 5 m, ) onto a codeword is achieved as follows:

Kpn=2

s Multiply the message polynomial m{(x) = m KM,_lxk“‘”_] + g X +...+mx+m,by xx Mo —Kpar

Npn=Kpen

. Divide x m(x) by g(x), the generator polynomial. Let

d(x)= de_Km_lbef”_K""’_l +...+ d|x + d be the remainder.
. Construct the output codeword /, which forms the information word 7 for the LDPC coding, as follows:
I= iy, fypes iy ) =M s Mg eyt dy e ody oo didy)

NOTE:  The equivalent codeword polynomial is ¢(x) = x" % m(x) + d(x) .

6.1.2  Inner encoding (LDPC)

The LDPC encoder treats the output of the outer encoding, /= (iy, i ,..., KW_I) , as an information block of size

Kipe = N ycyy » and systematically encodes it onto a codeword A of size NV, e » Where:

A= s Ao Ayes g )= Gis o iy 45 Pos Prove Py st)

The LDPC code parameters (N,,., K, ) are given in tables 3(a) and 3(b).

6.1.2.1 Inner coding for normal FECFrame

The task of the encoder is to determine N, — K, parity bits (g, pyees Dy, 4, 1) for every block of &y,

information bits, (iy, ..., 1 depc_l) . The procedure is as follows:

. Initialize p, =p, = p, =...= mepc‘KM;x‘l =0

*  Accumulate the first information bit, #,, at parity bit addresses specified in the first row of tables A.1 through
A.5. For example, for rate 2/3 (A.1), (all additions are in GF(2)):

Par =Py @y Pewo = Peroe D1

Pass = Paass Dy Poror = Poron Py
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Poizs = Pasns @y Piws? = Proos1 D1y

Pans = Poms @l Pioe = Prame @1

Paszis = Pasie @ 1y Pranr = P @iy

Dasze = Pas1e B ly Paioss = Paions @l

Peiss = Peros D iy

For the next 359 information bits, i,,,m=1,2,..., 359 accumulate 7, at parity bit addresses

{x+mmod360xQ,, }mod(N,

pe = K ,a}w) where x denotes the address of the parity bit accumulator

corresponding to the first bit i, , and Q,dpc is a code rate dependent constant specified in table 5(a). Continuing

with the example, Q,dpc = 60 for rate 2/3. So for example for information bit i, , the following operations are

performed:

Py = Pan @)
Pans = Pans @
Pssa = Possa D1
Parsy = Prs @)
Pisos = Pasos Py

Pisss = Paszs D)

Psier = Pereo D by
Poie1 = Porer D1
P = P D)
Piw = Pryge @)
Pigr = Proer B

P19 = Paioss D)

Persas = Peasa @i

¢  For the 3615 information bit iy, , the addresses of the parity bit accumulators are given in the second row of

the tables A.l through A.5. In a similar manner the addresses of the parity bit accumulators for the following
359 information bits /,,,m =361, 362, ..., 719 are obtained using the formula

{x +(mmod360)x 0, } mod(N

ldpc
corresponding to the information bit iy , i.e. the entries in the second row of tables A.1 through A.5.

— K\ e ) Where X denotes the address of the parity bit accumulator

. In a stmilar manner, for every group of 360 new information bits, a new row from tables A.1 through A.5 are
used to find the addresses of the parity bit accumulators.

After all of the information bits are exhausted, the final parity bits are obtained as follows:

s Sequentially perform the following operations starting with i =1,

p=p;®p,, i=12,., Ny, —Ky, ~1

C

»  Finalcontentof p;, i=0,1,.,N, —K

sees NV igpe 1ape — | 15 equal to the parity bit p;.
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Table 5(a): (J,,, values for normal frames

Code Rate Qn’dpc
2/3 60
3/4 45
4/5 36
5/6 30
9/10 18
6.1.2.2 Inner coding for short FECFrame

K Id;

i
table 5(a) with table 5(b) and the tables of annex A with the tables of annex B.

. BCH encoded bits shall be systematically encoded to generate N, bits as described in clause 6.1.2.1, replacing

Table 5(b): O, values for short frames

Code Rate Q{a’pc
112 25
2/3 15
3/4 12
4/5 10
516 8
8/9 5

6.1.3 Bit Interleaver

The output A of the LDPC encoder shall be bit interleaved, which consists of parity interleaving followed by column-
twist interleaving. The parity interleaver output is denoted by L/ and the column-twist interleaver output by V.

In the parity interleaving part, parity bits are interleaved by:
u;=A4; for0<i< Ky, (information bits are not interleaved);
UK, pet3604s = ﬂK:.me;m-m for0<5<360, 0<r<Qy,.;
where ;. is defined in tables 5(a) and 5(b).
The configuration of the column-twist interleaving for each modulation format is specified in table 6.

Table 6: Bit Interleaver structure

Moduat Rows N, Columns
odulation Nidpc = 64 800 Nidpc = 16 200 N,
16QAM 8 100 2 025 c
B4QAM 5400 1350 e

4050 - 16

256QAM —— 2025 8
10240AM ‘ 3240 810 20
: 5400 - 1
4096QAM — 675 24
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In the column-twist interleaving part, the data bits u; from the parity interleaver are serially written into the column-

twist interleaver column-wise, and serially read out row-wise (the MSB of BBHeader is read out first) as shown in
figure 12, where the write start position of each column is twisted by t, according to table 7. This interleaver is

described by the following:
¢ The input bit u; with index /, for 0 <i <N, , is wntten to column c;, row r; of the interleaver, where:

¢; =idiv N,
r;=i+t, modN,
i

. The output bit Vi with index j, for 0 <j < Hgocs is read from row Y column Cps where:

r,=Jjdivh,
c,=jmodN,

*  So for 64QAM and Ny p,p~= 64 800, the output bit order of column twist interleaving would be:

(VO V1, V2 :-“V64799) = (‘“Oa U5400, 416198 15399245923 1> u64790)-

A longer list of the indices on the right hand side, illustrating alt 12 columns, is: 0, 5 400, 16 198, 21 598, 26 997,
32 396, 37 796, 43 195, 48 595, 53 993, 59 392, 64 791, ...... 5399, 10799, 16 197, 21 597, 26 996, 32 395, 37 795,
43 194, 48 594, 53 992, 59 391, 64 790

., . WRWE __ofBBHeader READ
" = i
i 1 - : A i =— —
Row 1 [4Y]: ‘ i ¥h-.- ...---..--..-._:,._]T
[N I i il I il B [t
(N Y 1] e Bl.. | Y L
AN Tl
! rjl :’ i : ! - wet==T
I ;\i\ A -¥21- 16 - 1e=aame s >
1 I Ll ' :
ol [ I ¢ il '
NG Z l—
o 1| e . ! " '
ClE ]| witestan } | IS U (T
Vi ]| | pesitionts 4 ] U
: "E | :_ | twisted by 1, : ) N R S N
I o R
Row 8100 _:_L E _L_ I: "'".I" i ""lr-' _“j“'" ;-—j --l.-_: ---------- :_.'_
Ly Ly i /
Column 1 Column 8 ~ LSB
of FECFRAME

Figure 12: Bit interleaving scheme for normal FECFrame length and 16QAM
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Table 7{a): Column twisting parameter tc {column 0 to 11)

Modula | SOIUMNS N Twisting parameter {_
tion N, oo 1Ol 1l 2 |3 |4 |5 |6 |7 |8 |o |10
16 o 64800 | O 0 2 4 4 5 7 7 - . - -
QAM 16200 | O 0 0 1 7 | 20 | 20 | 21 - - - -
84 - 64800 | © 0 2 2 3 4 4 5 5 7 8 9
QAM 16200 | 0 0 0 2 2 2 3 3 3 6 7 7
256 16 64 800 | O 2 2 | 2 2 3 7 |15 | 16 | 20 | 22 2
QAM 8 16200 | © 0 0 1 7 |20 | 20 | 21 - - - B
1024 20 64800 | 0 1 3 4 5 6 6 9 |13 [ 14 [ 1 1
QAM 16200 | 0 0 0 2 2 2 2 2 5 5 5 5
4096 12 64800 | O 0 2 2 3 4 4 5 5 7 8 9
QAM 24 16200 | © 0 0 0 0 0 0 1 1 1 2 2
Table 7(b): Column twisting parameter tc {column 12 to 23)
Modula Columns N Twisting parameter £,
tion N, Idpe C&‘ 13 |14 |15 |16 |17 |18 |19 | 20 | 21 | 22 | 23
16 8 64 800 | - - - -
QAM 16200 | - - - -
64 12 64800 | - - - -
QAM 16200 | - - - -
256 16 64800 | 27 | 27 | 28 | 32
QAM 8 16200 | - - - -
1024 20 64800 | 21 | 21 | 23 | 25 | 25 | 26 | 28 | 30
QAM 16200 | 5 7 7 7 7 8 g8 | 10
4096 12 64 800
QAM 24 16200 | 2 3 7 9 9 9 |10 |10 |10 |10 [ 10 [ 11
6.2 Mapping bits onto constellations

Each FECFrame (which is a sequence of 64 800 bits for normal FECFrame, or 16 200 bits for short FECFrame), shall
be mapped to a coded and modulated FEC block by first demultiplexing the input bits into parallel cell words and then
mapping these cell words into constellation values. The number of output Data Cells and the effective number of bits
per cell 77,40 is defined by table 8. Demultiplexing is performed according to clause 6.2.1 and constellation mapping is

performed according to clause 6.2.2.

Table 8: Parameters for bit-mapping into constellations

LDPC block length Modul Number of cutput
(prc) odulation mode MOD Data Cells
4096QAM 12 5400
1024QAM 10 6 480
256QAM 8 8 100
64 800 64QAM 6 10 800
16QAM 4 16 200
4096QAM 12 1350
10240AM 10 1620
256QAM 8 2025
16 200 64QAM 6 2700
16QAM 4 4 050
QPSK 2 8 100
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6.2.1 Bit to cell word demultiplexer

The bit-stream v; from the bit interleaver is demultiplexed into ¥ sub-streams, as shown in figure 13. The value

of N, is defined in table 9.

substreams

ubstreams

Table 9: Number of sub-streams in demultiplexer

Number of sub-streams
Modulation N ’
tdpe Nsubstreams

QPSK Any 2
16QAM Any 8
640AM Any 12
64 800 16
256QAM 16 200 3
1024QAM Any 20
64 800 12
4096QAM 16 200 4

The demultiplexing is defined as a mapping of the bit-interleaved input bits, v; onto the output bits 5, ;,, where:

. do=didiv¥N

substreams?

s ¢ is the demultiplexed bit sub stream number (0 £ e <N, p000m ),

which depends on di as defined in table 10;
® Vg is the input to the demultiplexer;

. di is the input bit number;

* b4, is the output from the demultiplexer;

. do is the bit number of a given stream at the output of the demultiplexer.

bo,0» b0,1> Do .25 -

v

by0. 1.1, 6125 o

Vo, V1, V2, -
> Demux
szuhsln:ams'lao’ szuailrcams'lal a0t
Input Outputs

Figure 13: Demultiplexing of bits into sub-streams
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Table 10(a): Parameters for demultiplexing of bits to sub-streams for
codes rates 1/2, 3/4, 4/5, 5/6, 9/10{8/9)

| Modulation format | QPSK |

0] 1
011
Modulation format 16QAM
Input bit-number,
\ 1 4|1 5|6] 7
di mod Nsubstreams 0 2|3
Output bit-number, 711lal215l3l6l 0
e
Modulation format 64QAM
Input bit-number,
; 011(2]3|4|5|6]7|8 10011
di mod Nsubstreams 3|10
Qutput bit-number, 117|210 6l2|9l5i1|8lalo
e
Modulation format 256QAM (N, = 64 800)
Input bit-number,
: 0l112)3(4|516|7 0]11] 12| 13| 14]15
di mod Nsubsfreams 8191
Output bit-number, | 45/ 11131 3| 8|11 9| 5 |10| 6| 4| 7{12| 2| 14| 0

Modulation format | 256QAM {Nigpc = 16 200)

Input bit-number,

N 01
di mod Nsubstreams 2|3]4/516¢7

Output bi;-number, 714

115(2|614]0

Modulation format 1024QAM (N, = 64 800)
Input bit-number,
- ol1|2|3[4]|s{s|7{8|9]|10/11]12|13| 14|15} 16| 17| 18] 19
di mod Nsubstreams
O“‘p“tb‘:"”mben 8|18| 7|19] 4115[ 3|12| 011]10| 9|13| 2|14 5|17 6 |18 1
Modulation format 1024QAM (N, = 16 200)
Input bit-number,
- ol1|2|3|4]|s|e|7|8|9]10]11]12|13]|14| 15 18| 17| 18] 19
di mod Nsubstreams
0““’”“";’"”‘“"9“ gl3|7[1019] 2| 9| 5|17 6{14|11| 2 {18] 16|15} 0| 1]13] 12
Modulation format 4096QAM (N, = 64 800)
Input bit-number,
dimod Nyyorers |01 1]2|3]4|816|7]8|8]10]11
°”tp“tb‘;'"“mbe“ slo|ls|1]a]ls5|2|3]7]1011] 0

Modulation format 4096QAM (N, = 16 200), part 1
Input hit-number,
di mod Nsubstreams
|Output bit-number,

c

Modulation format 4086QAM (N, = 16 200), part 2

Input bit-number,

di mOd Nsuastreams

Output bit-numt'n-gr,
e
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Table 10(b): Parameters for demultiplexing of bits to sub-streams for code rate 2/3 only

{ Modulation format{ QPSK |
0] 1
Q11
Modulation format 16QAM

Input bit-number,
dimod N,

substreams
Output bg—number, 711141 2!5l3lsl 0
Modulation format 64QAM
Input bit-number,
dimod N

substreams
Qutput bit-nurmber,
]

Modulation format 256QAM (N, = 64 800)

Input bit-number,
dimod N,

0| 1[2[3|4|5[6|7]|8]9[10/11]12[13]|14[15

ubstreams

Output bit-number, | 7| 51 g ol 4l6| 13| 3|14]10/15] 5| 8 [12{11] 1

e
Modulation format| 256QAM (N, = 16 200)

Input bit-number,

ai mod Nsubsireams

Cutput bi;-number, 713l1lsl2l6i4l0

Modulation format 1024QAM (N, = 64 800)

Input bit-number,
di mod Nsubs!reams

Qutput bit-number,
e

Modulation format 1024QAM (N, .= 16 200)

Input bit-number,
dimod N 0|1(213]|4]|5]|6|7})8]9]|10]11]12{13]14|15|16f17{18] 19

substreams
Output bit-number,
e

011)12|3|4|5(6|7

0(1|2|3|4]15(6(7]|8]910[1112|13|14|15[16]17|18| 19

8|3|7|10/119) 4|9 5|17| 6|14|[11] 2 [18]16]15] 0| 1|13] 12

Modulation format 4096QAM (N, = 64 800}

Input bit-number,
di mod Nsubstraams

Outputblé-number, glolsj1lals]|2]3|7l10]11] 9

Modulation format 4096QAM (N, ... = 16 200), part 1
Input bit-number,
ldi mod Nsubstream
[Output bit-number,

e
Modulation format 4096QAM (N

Input bit-number,
dimod N

substreams
Output bit-number,
e

=16 200), part 2

Except for 256QAM with N!dpc= 16 200 and 4096QAM with Nldpc= 64 800, the words of width N, are split into

substreams
two cell words of width myop= =N,

substreams

/2 at the output of the demultiplexer. The first 51,04 =N beireams'2 Dits
[bg,do--ONsubstreamss2-1.4o0] form the first of a pair of output cell werds [y 54,-- ¥ wMOD-1, 2d40] and the remaining output

bits [szubsi'reams.’Z, do"szubsfreams-I .do] form the second output cell word [}’0‘ 2do+i¥ F]f!fOD-].Qdﬂ"']] fed to the
constellation mapper.
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In the case of 256QAM with Ny, = 16 200 and 4096QAM with N,,.= 64 800, the words of width 8 from the
demultiplexer form the output cell words and are fed directly to the constellation mapper, so:

‘The application of the parameters in tables 10(a) and 10(b}, for the demultiplexing of the bit-stream v; from the bit
interleaver, is subordinated to the validity of a specific modulation and code rate combination, since DVB-C2 only

D’O.do"y rgmod—l.da] = [bﬂ,do“szub:freams-i.do]

supports a list of selected ModCod configurations, as shown in tables 11(a) and 11(b) (X indicates a valid

configuration).
Table 11(a): ModCods for Ny, = 64 800
= _Modulation format
Code rate QPSK 16QAM 64QAM 256QAM 1024QAM 4096QAM
213 NA NA X NA NA NA
3/4 NA NA NA X X NA
4/5 NA X X NA NA NA
5/6 NA NA NA X X X
9/10 NA X X X X X
Table 11(b): ModCods for Ny, = 16 200
] Modulation format
Code rate QPSK 16QAM 64QAM 256QAM 1024QAM 4096QAM
1/2 N/A X NA NA NA NA
213 N/A NA X NA NA NA
3l4 N/A NA NA X X NA
45 N/A X X NA NA NA
5/6 N/A NA NA X X X
8/9 NIA X X X X X
6.2.2  Cell word mapping into I/Q constellations

Each cell word (v g..¥ymoi.1, ) from the demultiplexer in clause 6.2.1 shall be modulated using either QPSK, 16QAM,

64QAM, 256QAM, 10240QAM, 4096QAM constellations to give a constellation point z, prior to normalization.

The exact values of the real and imaginary components Re(z,) and Im{z,) for each combination of the relevant input

bits are given in tables 12(a-m) for the various constellations:
ye_q g

Table 12(a): Constellation mapping for BPSK

Table 12(c): Constellation mapping for imaginary part of QPSK

Yo.q 1 0
Re(zq) -1 1
Im(zq) 0 0

1

0

-1

i

Y14

1

0

Im(z,)

-1

1
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Table 12(d): Constellation mapping for real part of 16QAM

o 0 i " 0
YZlq
Re(z,) 3 1 1 3

Table 12(e}: Constellation mapping for imaginary part of 16QAM

w1 [ [T
y3,q
Im(z,.) -3 -1 1 3

Tabte 12(f): Constellation mapping for real part of 64QAM

Yo,q 1 1 1 1 0 1] 0 0
¥z 0 1] 1 1 1 1 0 0
4 0 1 1 0 1} 1 1 0
Yaq
Re(zq) -7 -5 -3 -1 1 3 5 7
Table 12(g): Constellation mapping for imaginary part of 64QAM
Yi,q 1 1 1 1 0 ] 0 0
¥ 0 0 t 1 1 1 0 0
d 0 1 1 0 1} 1 1 0
YS,q
Im(zq) -7 -5 -3 -1 1 3 5 7
Table 12(h): Constellation mapping for real part of 256QAM
YD,q 1 i 1 1 1 1 1 1 0 0 0 0 0 0 ¢ 0
¥s 0 0 0 o] 1 1 1 1 1 1 1 1 0 0 0] ¢
A 0 0 1 1 1 1 0 0 0 0 1 1 i 1 0 0
Yaq o {111 ]o o 1|1 ]|o e |1 ]1]otfo |1 |1 |0
¥6,q
Re(zq) -15 | -13 | -1 9 -7 -5 -3 -1 1 3 5 7 9 11 13 15
Table 12(i): Constellation mapping for imaginary part of 256 QAM
Y1,q 1 1 1 1 1 1 1 i 0 0 0 0 0 ¢ 0 0
¥ 0 0 0 0 1 1 1 1 1 1 1 1 0 )] 0 0
y 4 0 0 1 1 1 1 0 0 0 0 1 1 1 1 0 0
5.9 0 1 1 0 0 1 1 0 0 1 1 0 1] i 1 0
¥14q
Im(zq) -15 | -13 | -1 -9 -7 -5 -3 -1 1 3 5 7 9 1 13 15
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Table 12(j): Constellation mapping for real part of 1024QAM
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Table 12(k): Constellation mapping for imaginary part of 1024QAM
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Table 12(l): Constellation mapping for real part of 4096QAM
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Table 12(m): Constellation mapping for imaginary part of 4096QAM
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The constellations, and the details of the Gray mapping applied to them, are illustrated in figures 14 and 15,
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Im{z} Convey yi4 QPSK
Bit ordering:
Re{z} Convey yoq e
Im{z} Convey yiq, ysq 16QAM
. « MW . Bit ordering:
1000 1010 0010 0000 Vo,a Y10 Y2qY3a

] L .
1001 1011 0011 c001

> Re{z} Convey vog, V2q

[ []

3 A g1 3

® [ ] -T * [ ]
1101 1111 | o111 o101

L J LJ ...:3 L] L]
1100 1110 0110 0100

Im{z} Convey yiq, ¥3q, ¥sa 64QAM
A . .
Bit ordering:
) ] * [ +7 e ® ® ]
100000 100010 101010 101000 001000 001010 000010 000000 Yoq¥1a¥2qY3q Yq Yoe
[ . ® . 45 @ L] L .
100001 100011 101011 101001 001001 001011 000011 000001
L4 L] ® LJ 43 @ [ ] L] [ ]
100101  1001:1 101111 101101 001101 001111 000111 000101
L ] L] [ ] =+ 1 L [ ] L] L]
100100 100110 101110 101100 001100 001110 000110 000100
: } : : 1 : | ! > Re{z} Convey
7 N 3 -1 ! 3 5 7 Yoa, Y24, Y4a
* L] L4 L ] T-1 @ L [ ] L]
110100 110110 111110 111100 011100 011110 010110 010100
° . . e 139 . . L
110101 110111 111111 111101 011101 011111 010111 010101
® ® ® ] T.5 ® ] [ ]
110001 110011 111011 111001 011001 011011 010011 010001
L . . ® S5 . . L
110000 110010 111010 111000 011000 01101C 010010 010000

Figure 14: The QPSK, 16QAM and 64QAM mappings and the corresponding bit patterns
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z} Convey Yiq, ¥3a, Y5a, ¥7a
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Figure 15: The 256QAM mappin

Tables 12(j) and 12(k) provide the description of 1024QAM mapping and the corresponding bit pattern, Tables 12(1)

and 12(m) provide the description of 4096QAM mapping

g and the corresponding bit pattern

and the corresponding bit pattern.
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The constellation points z, for each input cell word (v o-¥mou.1 4) are normalized according to table 13 to obtain the

correct complex cell value f, to be used.
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Table 13: Normalization factors for Data Cells

Modulation Normalization
QPSK i =—%
Z?
16QAM J,= TS
Zq
640AM fy = N
256QAM 1. = %
¢ J170
1024QAM fq = \/Zqﬁ
4096QAM 1= J%
7 Data Slice Packet Generation

The complex cells of one or two FECFrame shall form a Data Slice Packet. The Data Slice Packets for Data Slice
Type 1 only transmit the FECFrame data and rely on a pointer within the Level 1 Signalling Part 2 to detect their start.

The Data Slice Packets for Data Slice Type 2 carry a FECFrame header that allows for synchronization to the Data

Slice Packets without any additional information. The FECFrame header also signals the Modulation and Coding
parameters and the PLP_ID, which may change every Data Slice Packet.

7.1 Data Slice Packets for Data Slice Type 1

The complex cells g of Data Slice Packets transmitted in Data Slices of type 1 (DSLICE_TYPE='0") shall be formed by
the [NldpcﬁfMOD]z Npp complex cells of one LDPC codeword, 1.e.:

g, =t 9=0L.,Ny—1

The signalling for Data Slices of type | is done within the DVB-C2 preamble, i.e. the Layer 1 - part 2. Additional

signalling is not required, as only a single PLP with fixed modulation and coding parameters per DVB-C2 frame is
allowed for Data Slices Type 1.

7.2 Data Slice Packets for Data Slice Type 2

Data Slice Packets for Data Slice Type 2 shall carry an additional FECFrame Header in front of one or two FECFrames,
which signals the PLP_ID, the Coding and Modulation parameters of the following XFECFrame, and the number of
XFECFrames following one header. The structure of these Data Slice Packets is given in figure 16.
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Data Slice Packet for
Data Slicia Type 2

F

32 symbols (QPSK)
16 symbols (16QAM)

A,

XFECFrame:
900 ... 16200 QAM cells
A

Optional second
XFECFrame
A

L

FECFrame
| Header

b

XFECFrame — QAM modulated '
LDPC packets |

XFECFrame — QAM modulated

v \
LDPC packets I

S T
N
|QPSK116 QAM|
modulation

i 2b|t

I Delay diversity |
on lower |
branch

ﬁsz bitI

|

|

| rm@32,16) |
| encoding
|

|

—

[l
| RSy

i‘IB bit

-
PLP_ID

~
PLP_MOD PLP_COD
PLP_FEC_TYPE HEADER_COUNTER

Figure 16: Data Slice Packet, consisting of FECFrame header and following XFECFrame packet

7.2.1

The 16 information bits of the
first:

FECFrame header signalling data

FECFrame header are defined as follows, in which the MSB shail always be mapped

PLP_ID: This 8-bit field uniquely identifies a PLP within a C2 system.

PLP_FEC_TYPE: This field shall signal the size of the following FECFrame (0 = 16 200 bits, 1 = 64 800 bits).

PLP_MOD: This 3 bit field signals the used QAM mappings according to table 14,

Table 14: PLP_MOBD values for the available QAM mappings

; Value QAM mapping
| 000 Reserved
o0 16QAM
210 B640QAM
011 256QAM
100 1024QAM
101 4006QAM
110to 111 Reserved for future use

PLP_COD: This field signals the LDPC code rate of the following FECFrame according 1o table 15, Please note that

not all possible PLP_MOD and PLP_COD combinations are supported (see tables 11(a) and 11(b)).
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Table 15: PLP_COD values for the different code rates

Value Code rate
000 Reserved
001 213
010 34
011 4/5 ,
100 5/6
101 8/9 (16K LDPC code)
9/10 (64K LDPC code)
110 to 111 Reserved for future use

HEADER_COUNTER: This 1 bit field signals the number of FECFrames following this FECFrame header. '0"
indicates that one FECFrame is following the FECFrame header. '1" indicates that 2 FECFrames are following the
FECFrame header, while both FECFrames shall have the same PLP_ID, PLP_FEC_TYPE, PLP_MOD and PLP_COD.

7.2.2  Coding of the FECFrame header

The encoding of the FECFrame header data shall ensure a robust synchronization and decoding of the L1 signalling
part 1 data. Therefore, the encoding scheme as shown in the figures 17(a) and 17(b) is applied. Initially the 16 bits of
the L1 signalling part 1 are FEC encoded by a Reed-Muller (32,16) encoder. Subsequently each bit of the 32 bits
Reed-Muller codeword is split to form an upper and a lower branch. The lower branch applies a cyclic shift within each
Reed-Muller codeword and scrambles the resulting data using a specific PN sequence. The data is then mapped on a
QPSK constellation for the robust FECFrame header or on a 16QAM constellation for the high efficiency FECFrame
header.

32 bit
codeword
Pt Yo.q
16 signaling i... RM(32,16) A QPSK 32
bits Encoder mapper [ sﬁ:ﬁ;‘{g
~ 2 b:r::i)fftcllc Yia
32 bit MPS
sequence
Figure 17(a): Robust FECFrame header
32 bit
codeword
Yo, ¥1,q
RM 16
16 signaling .| RM(32,16) |\ 16QAM
bits Encoder mapper — s‘;ﬁﬁ:ol\lns
~ 2 blst hci¥tcllc Y24, Y3a

32 bit MPS
sequence

Figure 17(b): High efficiency FECFrame header
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7.2.2.1 Error Coding

The 16 information bits are FEC encoded by a Reed-Muller {32,16) code. The generator matrix for this Reed-Muller
(32,16) code G is shown as follows:

Table 16(a): Definition of the Reed-Muller encoder matrix

.a

t(1r+111 1111111111111 111111111111°1
0o000O0OQCQOO0OODODOOOGCGOCOCOTITT1TI1TT1TT1I1111111111
cooo0o0cooco0oo0111111 1100000000111 11111
coo0oo0¢11110000¢11110600011110000111°]
¢co0110601 10010011001 1001100¢110011
coto1o1010t1ro01 010101010101 0t0101901
0 00000OCODO0DO0OCODO0OO0CO0OCO0OCOCGCOO0OCO0OOO0ODOCTOOTTI1TI!1 11111
G=0000000 66006 o0O00CO0O0O0COCOEOT]I I'T 1T O0O0O0CO0OTI1 111
bcoo0oo0Oo0QOODO0ODOCDODOOQCODOO0CDODOD1 1001 1TO0OI1 10011
6coo0oo0co0oo0o000O00Q000O0CCGOT!1 0101010101 01¢01
bcoooc0co0o00CO0OO0CO0OIl TT1O000C00O000CGO0ODO0O0O0CTI1 111
boooco0o600001 10011 000000O0O0O0CO0O0TLITT1O00D0T11
6 oo0o000QO0ODO0COCI O1OTI 0O10000GC00CO0O0CO0T10T1 0101
0000001 1000000611 00000061100000TCO0CT1°1
0O000010100O000101 000001 010006O0010O01
0001006010001 0001000610001000T1000]1

-~

-

The 32 Reed-Muller encoded data bits vector ™ = [ﬂgM,...,/'igfd ] is obtained by the matrix multiplication of the

16 bit long FECFrame signalling data vector b = [bo,...,bls] with the generator matrix, i.e.
M =p.G

All operations are applied modulo 2.

7.2.2.2 Cyclic Delay

As depicted in figures 17(a) and 17(b), the 32 Reed-Muller encoded data bits ;be of the lower branch shall be
cyclically delayed by two values within each Reed-Muller codeword. The output of the cyclic delay block shall be:

u(ff!z)mdaz = /?*;QM i=01,.31

7223 Scrambling of the lower branch

The data of the lower branch shall be scrambled with the scrambling sequence:

wel owit L wi =0,0,0,1,1,1,0,1,1,0,0,0,1,1,0,1,0,0,1,1,1,0,1,1,1,1,1,1,0,0,1,1

This 32 bits output sequence v,.R M is obtained by applying modulo 2 operation between the cyclically shifted data

u,.RM and the scrambling sequence w,fw :

VM = uM dw™M  i=0],..31
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7.2.3  Mapping onto QAM constellations

The 32 resulting bits of the upper and the 32 bits of the lower branch shall be mapped onto QAM constellations.
Therefore, the same mapping means as described in clause 6.2.2 shall be used. There are 2 different FECFrame header
architectures available. While the QPSK based FECFrame header is applied for cable channels with lower C/N, the

16QAM based FECFrame header provides a more efficient implementation (i.e. smaller header length) for cable
channels with higher C/N values.

7.2.3.1 Robust FECFrame header

The robust FECFrame header shall be modulated using QPSK as defined in clause 6.2.2 to obtain the 32 complex cell
values fq . The 32 mapper input cell words shall be defined as:

Lvo,,-,yl,,-]=[ ] =g,..,31

This means that the bits of the upper branch are always mapped onto the real part and the bits of the lower branch are
always mapped onto the imaginary part of the QAM cell.

7232 High efficiency FECFrame header

The high efficiency FECFrame header shall be modulated using 16QAM as defined in clause 6.2.2 to obtain the
16 complex cell values f; . The 16 mapper input cell words shall be defined as:

[y(),i’yl,i’yl,i’yB,i]:[AQR?JV?QR;YDV‘;EM?V;T;] i=0L,..13

This means that the bits of the upper branch are always modulated onto the MSB of the real and imaginary axis, while
the bits of the lower branch are always modulated onto the LSB of the real and imaginary axis.

7.2.4  Mapping of the XFECFrame cells

The 32 cells for the robust FECFrame Header or the 16 cells for the high efficiency FECFrame Header shall be mapped
onto the first cells of the Data Slice Packet, i.e. g, = f,, etc.

The FECFrame header is followed by the l'N Idpe in MO D-l complex cells of one complete LDPC codewerd. If

HEADER_COUNT="l", one further FECFrame having the same PLP_ID, PLP. MOD and PLP_COD shall follow the
first one.

7.2.5  Length of the Data Slice Packet for Data Slice Type 2

The length ¥, of a Data Slice Packet for Data Slice Type 2 can be calculated by means of the FECFrame Header data
only. The length for packets using the robust FECFrame header shall be:

N,, =32+ XFECFRAME LENGTH -(1+ HEADER_COUNTER)
and
N,p =16+ XFECFRAME _LENGTH (1+ HEADER _COUNTER)

for the high efficiency FECFrame header.

The value XFECFRAME_LENGTH for the different values of PLP._ MOD and PLP_FEC_TYPE are listed in
table 16(b).
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Table 16(b): L.ength of the FECFrame

PLP_FEC_TYPE |PLP_MOD | XFECFRAME_LENGTH

0 000 NA
0071 4 050
010 2700
011 2 025
100 1620
101 1350
110 1158
111 1013

1 000 900
001 16 200
010 10 800
011 8 100
100 6 480
101 5 400
110 4 629
111 4 050

7.2.6  Stuffing Data Slice Packets

Stuffing Data Slice Packets provide a mechanism to fill up Data Slices of Type 2 with Auxiliary Data, Stuffing packets
shall use the PLP_MOD value '000", Accordingly they have the minimum FECFrame length of 900QAM cells, while
their total length shall be defined according to clause 7.2.4. The settings for the related stuffing FECFrame header are:

PLP_ID: n/a (arbitrary value)
PLP_FEC_TYPE: 1 {= 64 800 bits)
PLP_MOD: 000 (= 900QAM cells length)
PLP_COD: n/a (arbitrary value)

HEADER_COUNTER: 0

Stuffing Data Slice Packets can be used in any Data Slice and any location in the C2 Frame. Both regular Data Slice
Packets and stuffing Data Slice Packets overlap over different C2 Frames if their end does not coincide with the end of
the C2 Frame.

If the Data Slice is discontinued in the following C2 Frame the stuffing Data Slice Packet is only transmitted partially
up to the end of the C2 Frame (i.e. not completed in the following C2 Frame). In the case where the remaining part is
less than the number of cells in FECFrame header and the data is discontinued the next C2 frame, the remaining cells
should be transmitted, The FECFrame headers of stuffing Data Slice Packets shall match with the L1 settings of the
related Data Slice.

The data content of the 900QAM stuffing Data Cells is arbitrary but shall meet the average QAM cell energy
requirement.
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8 Generation, coding and modulation of Layer 1 part 2
signalling
8.1 Overview

Figure 18 illustrates the C2 Frame structure and the related preamble with embedded L1 signalling part 2. The number
of Preamble Symbols depend on the amount of L1 signalling, i.e. the number of underlying Data Slices and PLPs and
L1 Tl mode. This clause concentrates on the structure and the syntax of the L1 signalling part 2 rather than the
preamble coding and modulation (being described in more detail in clause 8.4). L1 signalling part 2 indicates OFDM
parameters of the C2 channel as well as all relevant information for the Data Slices, PLPs and Notch bands.

C2 Frame ——
time

Preamble

Symbol(s) Data Symbols

L1 signalling part 2 data CRC

L1 block padding L1 padding

Figure 18; The L1 part 2 signalling structure

8.2 Preamble Header

A fixed length Preamble Header of 32 OFDM Cells shall be inserted in front of the L1 Tl-btock at each Preamble
Symbol as shown in figure 19. All L1 part 2 headers in one C2 Frame shall be same. The Preamble header describes
L1-part2 length and TI mode of L1 block. The 16 information bits of the Preamble header are FEC enceded by a
Reed-Muller (32,16) code and encoded by QPSK same as the QPSK based FECFrame header 1n clause 7.2.2,
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32 OFDM cells L1 Time interleaving block width
A A

Preamble 1 | Preamble Header

. -
. -
. .

Preamble Nvi_vi_pepth Preamble Header

aly

QPSK
modulation

2%
| s2mis

Delay diversity
on lower branch

/’\
j__ |— 32 bits

RM(32,16)
encoding ~ -
— .
N ~
Pl T
o
| 16 bits ™ -
_ o
S
.,
L1_INFO_SIZE (14 bits) L1_TI_MODE (2 bits)

Figure 19: Preamble header generation and signalling fields

L1_INFO_SIZE: This 14-bit ficld indicates the half size of the L1-part2 including L1 signalling part 2 data and
L1 block padding, if present, in bits as shown in figure 20. The value of Ky 1,5 o poq shall be calculated by adding

32 (the length of CRC) to L1_INFO_SIZEx2.

L1 block padding L1 padding

| |

L1 signalling part 2 data J [._‘@%!] J
>

L1_INFO_SIZE x 2

Figure 20: The size indicated by the L1_INFO_SIZE field

LI_TI_MODE: This 2-bit field indicates the mode of time interleaving for L1-part2 of current C2 Frame, The time
interleaving mode is signalled according to table 17. See clause 8.5 for more information.

Table 17: Signalling format for the L1_TI_MODE field

Value Mode
00 No time interleaving
01 _Best Fit
10 4 OFDM Symbols
11 8 OFDM Symbols
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8.3 L1 signalling part 2 data

Table 18 indicates the detailed use of fields for L1 signalling part 2 data.

Table 18: The signalling fields of L1 signalling part 2 data

Field Size (bits)
NETWORK_ID 16
C2 SYSTEM ID 16
START_FREQUENCY 24
C2_BANDWIDTH 16
GUARD_INTERVAL 2
C2 FRAME_LENGTH 10
L1 _PART2 CHANGE_COUNTER 8
NUM_DSLICE 8
NUM_NOTCH 4
far i=0..NUM_DSLICE-1 {
DSLICE_ID 8
DSLICE_TUNE_POS 14 or 13
DSLICE_OFFSET_LEFT 9or8
DSLICE QFFSET RIGHT 9or8
DSLICE_TI_ DEPTH 2
DSLICE _TYPE 1
if DSLICE_TYPE=="1"{
FEC_HEADER_TYPE 1

}

DSLICE_CONST CONF
DSLICE LEFT NOTCH
DSLICE_NUM_PLP

for i=0..DSLICE NUM PLP-1{

gy

o

PLP_ID 8
PLP_BUNDLED 1
PLP_TYPE 2
PLP_PAYLOAD TYPE 5
if PLP_TYPE=="00"or '01’ {
PLP_GROUP_ID B
}
if DSLICE_TYPE=="0"{
PLP_START 14
PLP_FEC_TYPE 1
PLP_MOD 3
PLP_COD 3
)
PSI/SI_REPROCESSING 1
if PSI/SI_REPROCESSING=="0" {
transport_stream_id 16
original_network id 16
}
RESERVED 1 8
}
RESERVED 2 8
}
for i=0..NUM_NOTCH-1 {
NOTCH START 14 or 13
NOTCH WIDTH Sor8
RESERVED 3 8
1
RESERVED TONE 1
RESERVED 4 16

NETWORK_ID: This is a 16-bit field which uniquely identifies the current DVB-C2 network.

C2_SYSTEM_ID: This 16-bit field uniquely identifies a C2 System within the DVB-C2 network.
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START_FREQUENCY: This 24-bit field indicates the start frequency of the current C2 System by means of the
distance from 0 Hz and gives the unsigned integer value in multiples of the carrier spacing of the current C2 System.
The value of '0' means 0 Hz. The START_FREQUENCY shall be identical to the OFDM subcarrier with the smallest
absolute carrier index k=K, that actually transmits the DVB-C2 preamble for the given C2 system. Additionally, the
START_FREQUENCY shall be multiples of the pilot spacing Dy and the START FREQUENCY shall not change
between different C2 frames,

C2_BANDWIDTH: This 16-bit field indicates the bandwidth of the current C2 system. The C2_BANDWIDTH field
multiplied with the pilot spacing Dy + 1 represents the bandwidth of the C2 system in OFDM subcarriers. The value
shall not change between different C2 frames. The bandwidth of the current C2 system is defined by the frequency
spacing between the edge pilots next to the most left and the most right Data Slice of the current C2 system.

GUARD_INTERVAL: This 2-bit field indicates the guard interval of the current C2 Frame, according to table 19.

Table 19: Signalling format for the guard interval

Value Guard Interval fraction |
00 1128 |
01 1/64

10 to 11 Reserved for future use |

C2_FRAME_LENGTH: This 10-bit field gives the number of Data Symbols per C2 Frame (L ,,,). The C2 System

according to the present document does only allow C2_FRAME LENGTH = 0x1C0 (448 decimal). All other codes for
C2_FRAME_LENGTH are reserved for future use.

L1_PART2_CHANGE_COUNTER: This 8-bit field indicates the number of C2 Frames ahead where the
configuration (i.e. the contents of the fields in the L1 signalling part 2 except for the PLP_START and
L1_PART2_CHANGE_ COUNTER) will change. The next C2 Frame with changes in the configuration is indicated by
the value signalled within this field. If this field is set to the value ‘0", it means that no scheduled change is foreseen. For
example, value '1' indicates that there is change in the next C2 Frame,

NUM_DSLICE: This 8-bit field indicates the number of Data Slices carried within the current C2 Frame. The
minimum value of this field shall be '1".

NOTE 1: Both the number of Data Slices and the number of PLPs for each Data Slice of a C2 System are chosen
such that the overall L1-part2 signalling does not exceed 32 766 bits.

NUM_NOTCH: This 4-bit field indicates the number of Notch bands. If there is no Notch band within the current C2
Frame, this field shall be set to '0".

The following fields appear in the Data Slice loop:
»  DSLICE_ID: This 8-bit field uniquely identifies a Data Slice within the C2 System.

s  DSLICE_TUNE_FPOS: This field indicates the tuning pesition of the associated Data Slice relative to the
START_FREQUENCY. Its bit width shall be I3 bits or 14 bits according to the GUARD INTERVAL value.
When GUARD_INTERVAL is '00", the bit width of this field shall be 13 bits and indicate the tuning position
in multiples of 24 carriers within current C2 Frame. Otherwise the bit width of this field shall be 14 bits and
indicate the tuning position in multiples of 12 carriers within the current C2 Frame relative to the
START_FREQUENCY. DSLICE_TUNE_POS must be a value at least 1 704 carriers from the edge of a
broadband notch or the start or end of the C2 system,

e  DSLICE_OFFSET_LEFT: This field indicates the start position of the associated Data Slice by means of the
distance to the left from the tuning position and shall be two's complement integer of 8 bits or 9 bits according
to the GUARD_INTERVAL value. When GUARD_INTERVAL is '00', this field shall be two's complement
integer of 8 bits and indicate the distance from the tuning position in multiples of 24 carriers within current C2
Frame. Otherwise this field shall be two's complement integer of 9 bits and indicate the distance from the
tuning position in multiples of 12 carriers within current C2 Frame.
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DSLICE_OFFSET_RIGHT: This field indicates the end position of the associated Data Slice by means of
the distance to the right from the tuning position and shall be two's complement integer of 8 bits or 9 bits
according to the GUARD_INTERVAL value. When GUARD_INTERVAL is '00', this field shall be two's
complement integer of & bits and indicate the distance from the tuning position in multiples of 24 carriers
within current C2 Frame. Otherwise this field shall be two's complement integer of 9 bits and indicate the
distance from the tuning position in multiples of 12 carriers within current C2 Frame.

NOTE 2; DSLICE OFFSET_LEFT and DSLICE_OFFSET_RIGHT may both have pesitive or negative values,
which means that the complete Data Slice is left or right hand side of the tuning position.

DSLICE_TI_DEPTH: This 2-bit field indicates the time interleaving depth within the associated Data Slice

according to table 20,

Table 20: Signalling format for the time interleaving depth

Value Tl depth
00 Na time interleaving
01 4 OFDM Symbols
10 8 OFDM Symbols
11 16 OFDM Symbols

DSLICE_TYPE: This 1-bit field indicates the type of the associated Data Slice according to table 21. The
Data Slice Type 1 is only for the transmission of a single PLP with fixed modulation and coding parameters

within a Data Slice. See clause 7 for more information.

Table 21: Signalling format for the Data Slice type

Value

Data Slice type

0

Data Slice Type 1

1

Data Slice Type 2

The following field appears only if the DSLICE_TYPE is '1",

FEC_HEADER_TYPE: This 1-bit field indicates the type of the FECFrame header within the associated
Data Slice according to table 22.

Table 22: Signalling format for the FECFrame header type

Value FECFrame header type
0 Robust mode
1 High efficiency mode

DSLICE_CONST_CONTF: This 1-bit field indicates whether the configuration of the associated Data Slice is
variable or fixed, If this field is set to value 'l', the configuration of the associated Data Slice shall not change.
Otherwise this field shall be set to '0". A value of '1" is only allowed in combination with Data Slices Type 2.

DSLICE_LEFT_NOTCH: This 1-bit field indicates the presence of the left neighboured Notch band of the
associated Data Slice. If the start of associated Data Slice is neighboured by Notch band, this field shall be set
to 'l'. Otherwise this field shall be set to '0".

NOTE 3: The DSLICE_LEFT_NOTCH field can be used by a receiver to assist in finding the number of Data Cells

of the current Data Slice. The continual pilots positioned on the edge of the Notch band change the
number of Data Cells of its right neighboured Data Slice. See clause 9.6.4.1 for more information,

DSLICE_NUM_PLP: This 8-bit field indicates the number of PLPs carried within the associated Data Slice.
The minimum value of this field shall be '1".

NOTE 4: Both the number of Data Slices and the number of PLPs for each Data Slice of a C2 System are chosen

such, that the overall L1-part2 signalling does not exceed 32 766 bits.
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The following fields appear in the PLP loop:
*  PLP_ID: This 8-bit field identifies a PLP within the C2 System,

*  PLP_BUNDLED: This 1-bit field indicates whether the associated PLP is bundled with other PLP(s) or not
within the current C2 System. If the associated PLP is bundled, this field shall be set to '1". Qtherwise this field
shall be set to '0".

. PLP_TYPE: This 2-bit field indicates the type of the associated PLP. PLP_TYPE shall be signalled according
to table 23.

Table 23: Signalling format for the PLP_TYPE field

L Value PLP type
00 Common PLP
1} Grouped Data PLP
10 Normal Data PLP

l 11 Reserved for future use

s  PLP_PAYLOAD_TYPE: This 5-bit field indicates the type of the payload data carried by the associated
PLP. PLP_PAYLOAD_TYPE shall be signalled according to table 24. See clause 5.1.1 for more information.

Table 24: Signalling format for the PLP_PAYLOAD_TYPE field

Value Payload type
00000 GFPS
00001 GCS
00010 GSE
00011 TS
00100 to 11111 Reserved for future use

The following field appears only if the PLP_TYPE is '00' or '01".

e  PLP_GROUP_ID: This 8-bit field identifies with which PLP group within the C2 System the current PLP is
associated. This can be used by a receiver to link the Data PLP to its associated Common PLP, which will
have the same PLP_GROUP_ID.

The following fields appear only if the DSLICE_TYPE is '0', i.e. the Data Slice Type 1 is used.

¢  PLP_START: This 14-bit field indicates the start position of the first complete XFECframe of the associated
PLP within the current C2 Frame. It uses the cell addressing scheme defined in clause 9.4.3.

e PLP_FEC_TYPE: This |-bit field indicates the FEC type used by the associated PLP. The FEC type shall be
signalled according to table 25.

s  PLP_MOD: This 3-bit field indicates the modulation used by the associated PLP. The modulation shall be
signalled according to table 25,

The signalling is valid for the first XFECframe starting within the DVB-C2 frame.
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Table 25: Signalling format for the PLP_MOD and the PLP_COD fields

PLP_FEC _TYPE | PLP_MOD | PLP FEC type Modulation XFECFrame Length

000 Reserved NA
001 16QAM 4 050
010 64QAM 2700
011 256QAM 2025

0 100 16K LDPC 10240AM 1620
101 4096QAM 11350
110 Reserved 1158
111 Reserved 1013
000 Reserved 800
001 16QAM 16 200
010 54QAM 10 800
011 256QAM 8 100

1 100 64K LDPC 10240AM 6 480
101 4096QAM 5 400
110 Reserved 4 629
111 Reserved 4 050

NOTE 5: The XFECframe length of the associated PLP is determined by PLP_FEC_TYPE and PLP_MOD as
shown in table 25.

=  PLP_COD: This 3-bit field indicates the code rate used by the associated PLP. The code rate shall be
signalled according to table 26. When PLP_COD is '101', the code rate is determined by PLP_FEC_TYPE. If
PLP_FEC_TYPE is set to '0', PLP_COD of '101' means the code rate of 8/9. Otherwise it means the code rate
of 9/10. Please note that not all possible PLP_ MOD and PLP_COD combinations are supported
(see tables 11(a) and 11(b)).

Table 26: Signalling format for the code rate

Value Code rate
000 Reserved for future use
Q01 213
010 3/4
011 4/5
100 5/6
101 8/9 (16K LDPC code)
9/10 (64K LDPC code)
110 to 111 Reserved for future use

e PSI/SI_REPROCESSING: This [-bit field indicates whether PSI/SI reprocessing is performed or not. This
can be used by a receiver to recognize if it can rely on the related PSI/SI parts. When PSI/SI reprocessing is
performed, this field shall be set to '1", otherwise it shall be set to 0",

The following fields appear only if the PSI/SI_REPROCESSING is '0".

=  transport_stream_id: This is a 16-bit field which serves as a label for identification of this TS from any other
multiplex within the delivery system (see also [i.4]).

e  original_network_id: This 16-bit ficld gives the label identifying the network_id of the originating delivery
system (see also [1.4]).

¢  RESERVED_1: This 8-bit field is reserved for future use.

=  RESERVED_2: This 8-bit field is reserved for future use.
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The following fields appear in the Notch loop:

e  NOTCH_START: This field indicates the start position of the associated Notch band and gives the unsigned
integer value relative to the START_FREQUENCY. Its bit width shall be 13 bits or 14 bits according to the
GUARD_INTERVAL value. When GUARD_INTERVAL is '00', the bit width of this field shall be 13 bits
and indicate the start position in multiples of 24 carriers within the current C2 Frame. Otherwise the bit width
of this field shall be 14 bits and indicate the start position in multiples of 12 carriers within the current C2
Frame.

¢  NOTCH_WIDTH: This field indicates the width of the associated Notch band and gives the unsigned integer
value. Its bit width shall be 8 bits or 9 bits according to the value of GUARD INTERVAL. When
GUARD_INTERVAL is '00', the bit width of this field shall be 8 bits and indicate the width in multiples of
24 carriers within the current C2 Frame. Otherwise the bit width of this field shall be 9 bits and indicate the
width in multiples of 12 carriers within the current C2 Frame.

¢  RESERVED 3: This 8-bit field is reserved for future use.

»  RESERVED_TONE: This 1-bit field indicates whether some carriers are reserved. When there are reserved
carriers within the current C2 Frame, this bit shall be set to 'l’, otherwise it shall be set to '0". The positions of
reserved carriers for reserved tones within a C2 Frame are given in clause 9.7.

+  RESERVED 4: This 16-bit field is reserved for future use.

8.3.1 L1 block padding

This 1-bit field is inserted following the L1 signalling part 2 data to ensure that the length of L1 signalling part 2
including L1 signalling part2 data and L1 block padding is a multiple of 2 (see figure 20). If the total length of L1
signalling part 2 is not a multiple of 2, this field shall be inserted at the end of the L1 signalling part 2 data. The value of
the L1 block padding bit, if any, shall be set to '0".

8.3.2 CRC for the L1 signalling part 2

A 32-bit error detection code is applied to the entire L1 signalling part 2 including L1 signalling part 2 data and L1
block padding. The location of the CRC field can be found from the length of the L1 signalling part 2, which can be
calculated using L1_INFQ_SIZE in the Preamble header. The CRC-32 is defined in annex E.

8.3.3 L1 padding

This variable-length field is inserted following the L1 signalling part 2 CRC field to ensure that multiple LDPC blocks
of the L1 signalling part 2 have the same information size when the L1 signalling part 2 is segmented into multiple
blocks and these blocks are separately encoded. Details of how to determine the length of this field are described in
clause 8.4, The value of the L1 padding bits, if any, are set to '0".

8.4 Modulation and error correction coding of the L1 part 2 data

8.4.1 Overview

The L1 part 2 data is protected by a concatenation of BCH outer code and LDPC inner code. The L1 part 2 data shall be
first BCH-encoded. The length of the L1 part 2 data bits varies depending on the complexity of the underlying Data
Slices. The L1 part 2 data can be segmented into multiple blocks. A segmented L1 part 2 data has a length less than
BCH information length K., =7 032. Therefore, a shortening operation (zero padding) is required for BCH or LDPC

encoding. After BCH encoding with zero padded information, the BCH parity bits of the L1-part2 data shall be
appended to the L1 part 2 data. The concatenated L1 part 2 data and BCH parity bits are further protected by a
shortened and punctured 16K LDPC code with code rate 1/2 (N, 16 200). Note that the effective code rate of the
16K LDPC code with code-rate 1/2 is 4/9, where the effective code rate is defined as the information length over the
encoder output length. Details of how to shorten and puncture the 16K LDPC code are described in clauses 8.4.3.1,
8.4.3.4 and 8.4.3.5. Each coded L1 signalling part 2 shall be bit-interleaved (see clause 8.4.3.6) and then shall be
mapped onto constellations (see clause 8.4.4). Note that only 16QAM is used for encoding of L1 signalling part 2. The
conceptual processing of coding and modulation of L1 signalling part 2 is shown in figure 21.
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O
L1-part 2 data = i
= Zero BCH LDPC M o ncturin
'-E’ GEGLIGLN| | Encoding Encoding || g
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| Bit 16 QAM _ L1FEC
Intlv. R Mod. "~ Builder

Figure 24: Encoding and Modulation of L1 signalling part 2

Since the length of L1 signalling part 2 is variable, the resulting number of needed L1 frames is also varying. Each L1
FECFrame packet corresponds to one L1 block within an OFDM Symboel. As soon as mere than one L1 FECFrame
packet is needed, the same number of Preamble Symbols in consecutive OFDM Symbols is needed. If the length of L1

part 2 data exceeds a predetermined number N, (see clause 8.4.2), the LI part 2 data shall be

1part2 _max_per _Symbol
divided into equidistant blocks. N Lipart2_max_per Symbol TMEANS the maximum number of L1 information bits for
transmitting the coded L1 signalling part 2 through one OFDM Symbol. Figures 22 (a) and 22 (b) show the handling
example for the following cases:

ay LI part 2 fits into one L1 part 2 LDPC FECFrame (see figure 22 (a}).
b) LI part 2 exceeds one L! part 2 LDPC FECFrame (see figure 22 (b}).

Details of the segmentation are described in clause 8.4.2.

N, Llpartl_max_per Synibol 3 XN, Llpar2_max_per_Symbol
| | |
L1 part 2 data : _: -|[
g e At = & i
Coding and Modulation | L1FECT
L1_XFEC_FRAME m  UIFECT
C2 Frame Preamble Data Data
(in time) Symhbol | Symbol Symbol

Figure 22(a): L1 part 2 fits into one L1 part 2 LDPC FECFrame
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N, Lipart2 max_per Symbol 3 XN, Llpari2_max_per_Symbol
| | e __
L1 part 2 data | ' | J
" S .
Coding and Modulation L1FEC1 L1FEC 2 L1FEC 3
L1_XFEC_FRAME Hl Li1FEC1 |H| L1FEC2 |H| LIFEC3
C2 Frame Preamble | Preamble | Preamble Data Data
(in time}) Symboi 1 | Symbol 2 | Symbol 3 | Symbol | Symbol

Figure 22(b): L1 part 2 exceeds one L1 part 2 LDPC FECFrame

According to the signalling field for time interleaving in L1 signalling part 2 header, 'L1_TI MODE/, the time
interleaving can be applied to L1 FECFrame (see clause 8.2). Details of the time interleaving are described in
clause 8.5.

If there are cells remaining from each Preamble Symbol after mapping each L1 FECFrame to the Preamble Symbol, the
L1 FECFrame including L1 part 2 header is cyclically repeated until the complete preamble block is filled, as shewn in
figure 23, The information on the structure of a cyclically repeated L1 FECFrame in a Preamble Symbol is obtained by
detecting and extracting of L1 part 2 header.

Preamble

Packet Hj L1FEC1

Repetiton |H| L1FEC1 [H|

- 4
g | |

e 2840 cells—»

Frequency
Interleaver

Preamble Block

[ Preamble Block 1 Preamble Block 2

Figure 23: Allocation of L1 FECFrame to L1 blocks (Preamble blocks)

8.4.2 Parameters for FEC encoding of L1 part 2 data

The number of L1 part 2 data bits is variable and the bits shall be transmitted over one or multiple 16K LDPC blocks
depending on the length of the L1 part 2 data. The number of LDPC blocks for the L1 part 2 data, N; Ipart? FEC_Block

shall be determined as follows:

K

N _ Llpart2_ex_pad
Llpart2_FEC _Block — N »
Llpart2Z_max_per _Symbol

where I_ x-| means the smallest integer larger than or equal to x, and K which can be found by adding 32

Llpart2 _ex_pad ?
to the parameter 2xL.1_ INFO_SIZE, denotes the number of information bits of the L1 part 2 signalling excluding the
padding field, L1_PADDING (see clause 8.3.3).
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N,

Lipart2_max_per_Symbot 15 4 759 which is chosen as the minimum value among the maximum values of X; satisfying
that Nupaﬁz (K}) is less than or equal to NLIparrZ_Ce”sx vop: fori=1,2, ..., 8. Here, N”pmz‘a,”s (= 2 808) denotes
the number of available cells for L1 signalling part 2 in one OFDM Symbol, ;g denotes the modulation order 4 for
16QAM, and Ny ;....» (K} is the length of the encoded L1 signalling part 2 with X;; information bits for

Ny ipari2 FEC_Biock = i- Then, the length of L1_PADDING field, K; ;,.,..> p4ppiwg shall be calculated as:

K _ KLlparIZ_m‘_pad
Llpart2_PADDING — N
Llpart2 FEC Block

X NLIparrZ_FEC_BIock - KLIpar!Z_ax_pad .

The final length of the whole L1 signalling part 2 including the padding field, K; ;. shall be set as follows:

K

Lipam2 =

K

Llpart2 _ex pad

+K

L1 _PADDING -

The number of information bits in each of Ny y,1> rrc prock blocks, K, is then defined by:

K

_ Ll part2
sig
NLlpcrrﬂ FEC _Block

Each block with information size of Ky, is protected by a concatenation of BCH outer codes and LDPC inner codes.

Each block shall be first BCH-encoded, where its Ny, _parity (= 168) BCH parity check bits shall be appended to
information bits of each block. The concatenated information bits of each block and BCH parity check bits are further
protected by a shortened and punctured 16K LDPC code with code rate 1/2 (effective code rate:

R 16k LoPC 1 2~ 4/9). Details of how to shorten and puncture the 16K LDPC code are described in clauses 8.4.3.1,
8.4.3.4 and 8.4.3.5.

Fora given K;,
following steps:

and modulation order {16QAM is used for the L1 signalling part 2), Npune shall be determined by the

ne

Step 1}  Calculate the number of puncturing bits as follows:

6
Npunc_mmp = {gx (Kbch - stg)J ’

where K, is 7 032 for the 16K LDPC code with code rate 1/2, and the operation |_ xJ means the largest integer less

than or equal to x, A temporary size of puncturing bits 15 calculated by multiplying the shortening length by a fixed
number 6/5.

The effective LDPC code rate of the L1 signalling part 2, R,y ; 1,47 is always lower than or equal to
Roy 16x LDPC 1 2 Reﬂ Lipar:2 tends to decrease as the information length Ko decreases. This rate control ensures that

the receiving coverage for the L1 signalling part 2 is preserved after the shortening and puncturing. The multiplicative
coefTicient 6/5 is the ratio of the puncturing length to the shortening length and it is chosen as the best value among
those formed of (8+1)/B for an integer B,

Step2) N

Llpart2 _temp = Ksig + Nbch_parr’ty + Nldpc x (1 - Reﬁ'_IGK_LDPC_I_Z ) - Npunc_remp .

For the 16K LDPC code with effective code rate 4/9, Ny, X(1 =Ry 165 1opc 1 2) =9 000.
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Step 3)  According to the value of time interleaving field, 'L1_TI MODE', in the L1 part 2 header (see clause 8.2),
Np 1pan2 shall be calculated as follows:

(IfL1_TI_MODE =00 or 01,

N,
L lparlz femp
lr X ZﬂMOD x NLIpartl FEC _Block

zn.lfoDxNLlparIZ FEC _Block
N per2 =9 :
Otherwise,

NLlparrZ temp
anODxNLI Tl _Depih

]X 200 XNy 11 Dt

where fygp 18 4 for 16QAM, and N;; 77 Depth is4 and 8 for L1_T1 MODE = 10 and 11, respectively, as shown in
clause 8.2.

This step guarantees that Ny ;,,,; is a multiple of the number of columns of the bit interleaver, 27yyop, (described in
clause 8.4.3.6) and that Ny ;,,,»/ yop is a multiple of the number of OFDM Symbols for transmitting L1 signailing
part 2. Note that the number of OFDM Symbols for transmitting L1 signalling part 2 are ¥, Ipart2_FEC Block and

Np1 11 pepr for LI_TI_MODE =00, 01" and 'L1_TI_MODE = 10, I1', respectively.

N

Llpart2 lemp)‘

Stepd) N =N

pinc pune _temp - (

N,

lparr2 —
Ny tpar2 is the number of the encoded bits for each information block. After the shortening and puncturing, the encoded

N
bits of each block shall be mapped to N, per Block = A2 odulated symbols. The total number of the

MOD
modulation symbols OfNupanz FEC Block Y10¢ks, Nyor 7, i N, MOD _Total — N MOD_per _Block % Ny, part2_FEC_Block *
When 16QAM is used, a bit interleaving shall be applied across each LDPC block. Details of how to interleave the

encoded bits are described in clause 8.4.3.6. Demultiplexing is then performed as described in clause 8.4.4,1. The
demultiplexer output is then mapped to a 16QAM constellation, as described in clause 8.4.4.2.

8.4.3 FEC Encoding

8.4.3.1 Zero padding of BCH information bits
Kq bits defined in clause 8.4.2 shall be encoded into a 16K (N~ 16 200) LDPC codeword aiter BCH encoding.

Since the Kgig is always less than the number of BCH information bits (= K}, = 7 032) for a given code rate 1/2, the

BCH code shall be shortened. A part of the information bits of the 16K LDPC code shall be padded with zeros in order
to fill K, information bits. The padding bits shall not be transmitted.

All Ky, BCH information bits, denoted by {mg, my, ..., mgpey _; }, are divided into N,,,,,,,,, (= K 4,/360) groups as

follows:
X ;= {mk

where X; represents the jth bit group. The code parameters (K, K4, ) are given in table 27 for L1 part 2 data.

. k :
J= \\%J’O < k < Kbdr} for 0 = J < NE"""P’

Table 27: Code parameters (Kpcp, Kjgp) for L1 part 2 data

Koch Kigpe
L1 signalling part 2 7032 7 200
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For0gj< Ngmp —2, each bit group X ; has 360 bits and the last bit group X, _, has
360 - (K, ldpe - Ky o) =192 bits, as illustrated in figure 24,

Nupeh = kigpe LDPC Information bits

= -
Kicn BCH Information bits
'_Dlrl 151 2nd (N = 2)th KN _ 1)“., o
Bil Group Bit Group Bit Group s Bii‘t Gpruup B‘i'rgroup % LDPCFEC
-
360 360 — (higpe — Kocn)

For the given
follows:

Step 1)

Step 2)

Step 3)

Step 4)

K, the number of zero-padding bits is calculated as (K, - K

Figure 24: Format of data after LDPC encoding of L1 signalling part 2

ig)- Then, the shortening procedure is as

Compute the number of groups in which all the bits shall be padded, Npad such that;

If0<Ksig S360,Npad = Ngmup _1

K, —K,
Otherwise, N, = | —2—.
d 360

For Nj,qq groups X, g, X X

2ell)> o X 2Ny ) * all information bits of the groups shall be

wsim-1)
padded with zeros. Here, 7 is a permutation operator depending on the code rate and modulation order,
described in table 28.

H N =N, —1, (360—K_ ) information bits in the last part of the bit group X (N, -1y shall

growp eroup
be additionally padded. Otherwise, for the group X, M) (K pon — Ky =360 N d) nformation
bits in the last part of X w5 Ni) shall be additionally padded.

Finally, Kie information bits are sequentially mapped to bit positions which are not padded in Kj,.,, BCH
information bits, {mg m,, ..., mgp . ; Yoy the above procedure

EXAMPLE: Suppose for example the value of Ks,g is 3 986. In this case, from step (1), 8 groups would have all

zero padded bits, and from step (2) these groups would be those with numbers 18, 17, 16, 15, 14,
13, 12.11. From step (3), and additional 166 bits would be zero padded in Group 4. Finally from
step (4) the 3 986 bits would be mapped sequentially to Groups 0, 1, 2, 3 (360 bits each), the first
part of Group 4 (194 bits}, Groups 3, 6, 7, 8,9, 10 (360 bits each), and group 19 (192 bits). Figure
25 1llustrates the shortening of the BCH information part in this case, t.e. filling BCH information
bit positions not zero padded with K;, information bits.
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526 zero-padded bits 2520 zero-padded bits

/6] etn | ot | 71 [ oth | gth |aqih | 448 i it
/5678910114444 4419

-+

o

|

‘JL

0 h 1 st zl'ld 3r

NN

34

N

Y

————————-

[/ Mapping of 3986
3986 information bits / 3046 zero-padded bits —"  information bits
2 . to BCH information part

Figure 25: Example of shortening of BCH information part

Table 28: Permutation sequence of information bit group to be padded for L1 signalling part 2

JrS (j) (0 s5j< Ngroup)

Modulation
and code rate Ngroup ”S (0) 7{5(1) ﬁs(z) J'i"-s (3) ﬂ'-s(4) zs(s) ”5(6) Es(./) Es(g) Es(g)
7,(10) | 7,01 | 7,02) | 7,(13) | 7,G4) | 7,(5) [7,06) | 7,07) | 7,(8) | 7,(19)
18 17 16 15 14 13 12 11 4 10
160AM 1/2 20 9 8 7 3 2 1 6 5 19 0

8.4.3.2 BCH encoding
The K, information bits (including the Kp, - K;, zero padding bits) shall first be BCH encoded according to

clause 6.1.1 to generate Ny, = Kigpe output bits (ip... iNb 5 ;)‘
ch-

8.4.3.3 LDPC encoding

The Ny, = K Output bits (iy... inpepp) from the BCH encoder, including the (K, - sig) ZET0 padding bits and the
(Kygpe - Kpcp) BCH parity bits form the K, information bits = (i, i, ..., iKIdpc' ;) for the LDPC encoder. The LDPC

encoder shail systematically encode the K, information bits onto a codeword A of size Ny,

A=y iy s iKMpC_I,po,p,, '"’pNIdpc' Kidpc"') according to clause 6.1.2.

8.4.3.4 Puncturing of LDPC parity bits

When the shortening is applied to encoding of the signalling bits, some LDPC parity bits shall be punctured after the
LDPC encoding. These punctured bits shall not be transmitted,

All Mgy - Kigpe LDPC parity bits, denoted by {py, pj, .., PNygpe- Kiape
each parity group is formed from a sub-set of the Mpe - K]dpc LDPC parity bits as follows:

_;1» are divided into Qe Parity groups where

P ={ p|kmodQ,, =/, 0<k<N, -K,} for 0<;<0Q,,.

where ; represents the jth parity group and 4, is given in table 5(b). Each group has (Nygpc- Kygp)/ Qe = 360 bits,
as illustrated in figure 26.
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(Nigpe — Kigpe) LDPC parity bits

o

Qldpc - Qidpc_h

-

LDPC Information Ope
-

Qf’dpc

[
BCH Information | BCHFEC

=1}

{
i new
{
;

!
|

1st parity group

2nd parity group  «.»

Figure 26: Parity bit groups in an FEC block

For the number of parity bits to be punctured, NPWC given in clause 8.4.2,

Step 1)

N

punc _ groups

For N,

Step 2) punc_groups

punc

|~
1 360

parity bit groups F, ), Fr_1y5 -

for <N <Nldp

punc

H] PxP(N

c

punc _ groups

Compute the number of groups in which all parity bits shall be punctured, N0 gy055 Such that:
Kn’d'pc '

.1y all parity bits of the groups shall

be punctured. Here, &, 15 a permutation operator depending on the code rate and medulation order,

described in table 29.

Step3)  Forthe group F,

be additionally punctured.

punc gmnp.c), (

N

-360xN

pwe

punc _ groups )

parity bits in the first part of the group shall

Table 29: Permutation sequence of parity group to be punctured for L1 signalling part 2

Modulati Order of parity group to be punctured, { 7, j), 0 S j < Q,, = 25}
odulation L TP o ———— > i b — i L IR .- Lo TP |
andcoderate | O | 20 | =@ | #8 | z@ | 20 | =@ | #0 | #0 | 0 | £00 [#(4)] z(12)
_ 1y | )| x5 | £06 | 20D | 208 | 709 | M) | £2) | 2@ | 52 |52Y - |
6 4 13 9 18 8 15 20 5 17 2 22| 24 .|
e e T 12 1 16 23 14 0 21 10 19 11 3 &
8435 Removal of zero padding bits

The (X, beh ™ Ksig)

zero padding bits are removed and shall not be transmitted. This leaves a word consisting of the K,

sig

information bits, followed by the 168 BCH parity bits and (N, - Ky - Npype) LDPC parity bits.

8.4.3.6

Bit interleaving for L1 signalling part 2

When 16QAM modulation 1s used for the L1 signalling part 2, the LDPC codeword of length Ipart2> consisting of

Ksig

information bits, 168 BCH parity bits, and (9 000 -

N pinc

) LDPC parity bits, shall be bit-interleaved using a block

interleaver, The configuration of the bit interleaver for the chesen 16QAM modulation is specified in table 30.

Tahle 30: Bit Interleaver structure

Modulation and code rate Rows Nr Columns N¢
_waam L % | Npae!8 8

The LDPC codeword 1s serially written into the interleaver column-wise, and serially read out row-wise (the MSB of
the L1 signalling part 2 1s read out first) as shown in figure 27.
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Figure 27: Bit interleaving scheme for L1 part 2 (16QAM)

8.4.4  Mapping bits onto constellations

Each bit-interleaved LDPC codeword shall be mapped onto constellations. The L1 signalling part 2 is first
demultiplexed into cell words according to clause 8.4.4.1 and then the cell words are mapped into constellations
according to clause 8.4.4.2,

8.4.4.1 Demultiplexing of L1 signalling part 2
Each bit-interleaved LDPC codeword, a sequence of Ny ;5.5 (= K + 168 + 9 000 - N, ) bits shall be mapped onto

sig punec
constellations by first demultiplexing the input bits into parallel cell words and then mapping these cell words into

constellation values. The number of output Data Cells and the effective number of bits per cell, 7y are defined in
table 31.

The input bit-stream v,y is demultiplexed into Ny, .0 o Sub-streams &, ;, as shown in figure 13 in clause 6.2.1. The
value of N,z oo, 16 also defined in table 31. Details of demultiplexing are described in clause 6.2.1, For 16QAM, the
parameters for demultiplexing of bits to cells are the same as that of table 10(a) in clause 6.2.1.

Table 31: Parameters for bit-mapping into constellations

Modulation mode oD Number of output Data Cells Number of sub-streams,
Nsubslreams
16QAM 4 Ny 1pans / 4 8

For 16QAM, the output words from the demultiplexing of width N,y peams [Po do-bx ] are split into two

substreams-1,do
words of width T?MOD =Nsubsrreams ."2, D’G,Zﬂ‘o -y #MOD - 1, 2(10] and [}’0. 2do 1Y IMOD 1,2do +]], as described in
clause 6.2.1.

8.4.4.2 Mapping onto QAM constellations

The cell words of each coded L1 signalling part 2, [y, 7 q] are mapped into constellations f, according to

Yipsop -1
clause 6.2.2, where g is the index of the cells within each bit-interleaved LDPC codeword. For each coded L1 signalling

part2,0=¢ < Nyop per Block
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Time interleaving of L1 signalling part 2 data

The purpose of time interleaving of the L1-part 2 data is to make L1-part2 data transmission more robust than the

payload data, especially when time interleaving is applied to Data Slice. Time interleaving of L1-part2 data is identical
to that of Data Slice except that pilot and reserved tone positions i1n a preamble are completely excluded in time

8.5

interleaving process.

The Time Interleaver (T1) shall operate at L.1-part2 data level before the L1 XFECFrame with L.1 header is repeated to

fill a L1 block symbol bandwidth. The time interleaving and L1 block building with different interleaving parameters
are depicted in figure 28.

The LI _TI_MODE indicates the depth of L1-part2 data time interleaving and signalled in L header signalling.
L1_TI_ MODE=

="00" means no time interleaving is applied for L1-part2 data. When L1_Ti_ MODE = "01" (best-fit),
the time interleaving depth is the minimum number of QFDM Symbols necessary for carrying a L1 block, or

NLtpan2 FEC Block (S€€ clause 8.4.2 for more details of segmentation of L1-part2 data). Otherwise, the time interleaving
depth is explicitly signalled and the depth is 4 OFDM Symbols when L1_TI_MODE = "10" as shown in figure 28.

L1 [*FECFRAME 1]xFECFRAME 2|  [XFECFRAME 1]XFECFRAME2]  [XFECFRAME 1]XFECFRAME 2
' = = T
XFECFRAME i L ; :
: ’I’ : '-' E ‘."
] ’ ] -
: : :
[] -, ] , L] Fid
A 4 ! e 4 e H "r
Time ji | T '
Interleaving - \ r | ;
1] 1] 1 1]
] ] 1) 1
] L] 1] +
\‘ |‘ |‘ |' N
[} [} i [] AN Y
¥ 1 ' . Er 1 Y Y
HITE i CIENE Ml
L1 Header AL : EJ ?
) H i H ANE H
[nsertion - - . s
[ R [ ~. H
) ~ \.‘|‘ : . \_:
' .. S \ .. i H
' Y H A | “ay ' ‘-\ Mk ey
: o . ‘ S o : - T
1 ! o N : . . : : ST,
H ACTE ; MEEIEEEEERECIREREE i HELTREWET |
Repetition H H H t H ! g [ [ni: Wl
; 7.61 MH P 7.61 MH bR
< ALtE > - £ MHz > H TR LT
i 7.61 MHz ;
<

."

No Time Interleaving

‘Best-Fit’ mode
(L1_TI_MODE = “00™)

L1 Tl Depth =4
(L1_TI_MODE = “01")

(L1_TI_MODE = "10")
Figure 28: Time interleaving of L1-part2 data

All L1-part2 Data Cells after constellation mapping are grouped into one L1 T1 block. As a result, there exists one L1
TI block per C2 Frame. The length of time interleaving period T} is calculated as:

T, = T:S'XNLI_TI_DEPTH’

where T is a total OFDM Symbol duration and Ny ; 7y pgpry is the time interleaving depth determined by
L1 _TI_MODE signalled in L1 header signalling.
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The TI shall be a twisted row-column block interleaver like as in the Data Slice. The number of rows N, of a TI memory
is equal to Ny ; 7y pppry and the number of columns N, is calculated as:

N.= NMOD__To!aI /NLI_TI_DEPTH »

where Nyop 740 18 the total number of the L1-part2 Data Cells. Note that Ny ; 7, pzpryy should be equal or larger than
minimum number of OFDM Symbols required for carrying the L1 block, Ny 1,05 ggc glock Details of required
number of bits and cells for carrying L1-part2 data is described in clause 8.4.2.

The input L1-part2 Data Cells are serially written into the TI memory in a diagonal direction, and serially read out row-
wise as shown in figure 29.

@ ’{First cell of Ti block WRITE
Rowo(“?\ oo Ius el [sa b L ] [ P ] s ] [ ] U |8 ... 10z]
A EEY N I P 0 I S Y0 I I P O R ) I ) 0 Y
w ol e ] e . | afaz] ] Torfus] L. ] [mafso] ..
Row N -1 NEIED R il N 5 20 T O I Y T P 1u.;|s;
r g : & b = 1
Column Column
0 N1
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Figure 29: Time interleaVing of L1 data (NMOD TOTAL=208’ NLI TI DEPTH=4)

Assuming &, (i=0, ..., Nyyop 7o0q-1) a8 the L1-part2 Data Cells input to the time interleaver, the column index C;, the
row index R; and associated twisting parameter T to store d; is calculated as:

C, =imod N,
T, =C,mod N,
R = (Tq +(@divN.))mod N,.
Every cell position in the TI memory is uniquely defined by a coordinate (R;, C;). The L1-part2 Data Cells d; are written
in positions (R;, C}):
Jor (i=0,i<Nypp rusi=i+1){
GENERATE (R,,C);
WRITE d, 10 (R,,C.);
¥

Note that the time interleaving structure shall not be changed after frame building although neither pilot nor reserved
tone position is considered in L1-part2 data time interleaving process, which is different from the case of Data Slice.
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9 Frame Builder

This clause defines the frame builder functions that always apply for a C2 System. The function of the frame builder is
to assemble the cells of the Preamble Symbols(s) as well as the cells produced for each of the Data Slices into arrays of
active OFDM Cells corresponding to the preamble structure and each of the Data Slices and OFDM Symbols which
make up the overall frame structure. The frame builder operates according to the dynamic information produced by the
scheduler (see clause 5.2.1) and the configuration of the frame structure.

9.1 C2 Frame structure

The C2 Frame structure is shown in figure 30. The C2 Frame structure comprises Lp Preamble Symbols (Lp > 1)
followed by L, . Data Symbols. The Preamble Symbols are divided in frequency direction into L1 block symbols of
same bandwidth (3 408 subcarriers or approximately 7,61 MHz). The Data Slices have an arbitrary bandwidth as a
multiple of the pilot pattern specific granularity but shatl not exceed the L1 block symbol bandwidth. Frequency

Notches can be inserted into the C2 signal across a C2 Frame. The insertion of frequency Notches is described in
clauses 9.3.5 and 94,13,

L1 Block, width
= 3408 subcarriers
frequency
h i Al
' =
| L Blockaymboi 00 | 1] ymbol 0.4 | | L1 Block symbot 0,n-1 | 5
oFOM Symbole g 3
L1 Block symbol Ls1,0 I Ly kbl £,-9,9 | L1 Block aymbol Lt
Cata Symboi 00 | Data Symbol 04 | = | Data Symbol 02 D""oi";"”"' Data Symbol 0,1
€2 Frama L -
& o:n';; < Data Symbal10 | DataSymbol1t | 2 | DataSymbortz | eee [ DHASVESE 600y gopo gy
ymbols o Dl ﬁ-m-m:l
Lows OFDM < Dats Symbal 2,0 Oata Symbol 2,9 g Dats Symbot 2,2 242 Data Symbol 2,k-1
Symbols g
=3 »
! 2] he H
[
Hata Symbol | Dats Symbod Duada Symbal | | Data Symbod Uata Symbol
. \ Low.0 L a1, | a2 Lowy-1.H:2 Lows1,k-1
e - o = ~ A s
Data Slice 0 Data Slice 1 Data Slice 2 Data Slica k-2 Data Slics k-1

Figure 30: The C2 Frame structure: the C2 Frame starts with at least
one Preamble Symbol (Lp} followed by L Data Symbols

The special properties of the Preamble Symbols are explained in clause 9.3, The L1 block symbols of the Preamble
Symbol(s) allow reliable time and frequency synchronization and also carry the L1 signalling data part 2. The L1
signalling part 2 data to be carried is described in clause 8.3, its modulation, error correction and coding and the
mapping of this data onto the L1 block symbols is described in clause 8.4,

911 Duration of the C2 Frame

The beginning of the first Preamble Symbol marks the beginning of the C2 Frame. The data part of the C2 Frame
consists of Lz, 448 symbols (approx. 203,8 ms for G/ = 1/64 or 202,2 ms for GI = /128, Ty; = 448 us).

The number of Preamble Symbols Lp can be derived from the length information at the beginning of each L1 signalling
part 2 block.

The C2 Frame duration is therefore given by:
Tp= (LP+Ldafa) * T

where T is the total OFDM Symbol duration,
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9.2 Pilot Reference Sequence

9.2.1 Data Scrambling Sequence

The reference sequence described below is used to scramble the preamble data and is used to generate the pilot's
modulation, '

tnialization

sequence 1 1 1 1 1 1 1 1 1 1 pRES
16 1.bit 1.6t 1.t 1.bi 1bi 1.4 i 1 g | SoMence

it i bi it it it i -bit 1-6it it .

delay [™] deley {™ delay [} delay (™ delay | ™| celay delay [ ™| delay delay [T™ dalay || dolay >

G {—
Figure 31: Generation of PRBS sequence

The PRBS sequence, w, is generated according to figure 31, where W, is the i-th output value of the PRBS generator.
Its polynomial for the PRBS generator shall be:

XM+ X% 41

The shift register is initialized with all ''s so that the sequence begins with wy, w;, w,...=1111,1,1,1.1.1.1.1.0,0...

9.2.2  Pilot Scrambling Sequence
The pilots shall carry a unique synchronization sequence wf , where k is the absolute OFDM carrier index.
The sequence is defined as:

wh =w, ®@w,' with i = (kmodX,,)/D,

Where: k is the OFDM carrier index, w,' is the i-th output of the PRBS generator defined below, W, is the k-th output

of the reference sequence defined in clause 9.2.1 and D, = 6 is the separation of the preamble pilots. Please note that i
is always an integer value, as the reference sequence is only defined for pilot positions (i.e. k mod Dp= 0).

Initialization
sequanca 1 1 1 1 1 1 1 1 1 1 PRES
1-b 1-bi 1 1 1-bi 1-bu 1-bi 1-bi 1-bi 1 Sedquencaie,
it -bit -bit 1-bi -bit t it it it -tnt -
delay ™ delay ™ delay Rl delay ™ dalay ™ delay By delay ™™ delay ™ delay ™ delay o

=
Figure 32; Definition of pilot modulation
The corresponding sequence ;' is generated by the PRBS defined in figure 32. Its polynomial shall be:
X'+ Xx°+1

The register is initialized to all 'I's and the sequence begins w,", w;,",w,"...=1,1,1,1,1,1,1,1,1,1.0,0...
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9.2.3 Pilot Reference Sequence

The preamble pilots shall be differentially BPSK modulated against each other. Therefore, the pilot reference sequence
is generated by differential modulation of the pilot scrambling sequence, which is achieved by an XOR operation

The pilot reference sequence for each OFDM pilot at position k is therefore given by:

. _{ w/  if kmodK, =0
-

Voo ® W otherwise

where 7, only has to be defined if k is multiple of 6.

9.3 Preamble Symbol

9.3.1 Preamble Symbol overview

At the beginning of every frame a Preamble Symbol shall be sent. The Preamble Symbol is constructed with L,

OFDM Symbols, while the Preamble Symbol shares the same OFDM parameters as the normal Data Symbols. In the
frequency domain, the preamble is subdivided into L1 Signalling Blocks. Each L1 Signalling Block contains all
Layer 1-part 2 information as defined in clause 8.

The definition of the OFDM Cell ¢”

w4 18 calculated generically for k =0,...,00 . However, this definition is for

simplicity only and only the OFDM carriers K, Sk < K, have to be calculated and are transmitted, where K., is

the lowest frequency used by the C2 Signal and X, is the highest frequency used by the C2 Signal. This structure is

also depicted in figure 33. The carriers outside the actual signal bandwidth are referred to as virtual signalling data.
Their purpose is the clarification of the cyclic frequency structure of the signalling data.

Signafing
- Block = - Sigreal Banchwideh N
Symboilo | k=3408

o FEEET =] 5 [ |5
: R L Lt of T
DMz Fremuancy / girens k K K
1w -
R S
Tranemitied } Vidhuzd-Signading, 4
Signalling Data 7 - Bl

Figure 33: Preamble symbotl structure in the frequency domain

9.3.2  Frequency Interleaving

The purpose of the preamble frequency interleaver is the separation of neighbouring data cells and to avoid error bursts
caused by narrow band interferers or frequency selectivity, Therefore, the same frequency interleaver as for the Data
Slices shall be used (see clause 9.4.5), which works on the Ny ,= 2 840 data cells of each L1 Block.
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. P_ P P P . .
The interleaved vector 4, = (a.,P‘O,aIP p ’“'alp,NP—l) is defined by:

a"i,; = X, 1, forevensymbols in the preamble (/, mod2=0)for ¢ =0,1,.., N, -1
a,.i_q =X, p (g for odd symbols in the preamble (/, mod2 =1) for ¢ =0,1,.., N}, -1

with NLI =2 840,

9.33 Pilot insertion

The pilots of each Signalling Block are uniquely defined and allow for the time and frequency synchronization to the
preamble. Unlike the normal pilots, the pilots within the preamble are transmitted at the same power lever as the data,
i.e. they are not boosted. The pilots are differentially BPSK modulated against each other, giving a receiver the
possibility to synchronize on this differentially encoded reference information.

3
Carrier 6 1 1 4
Index 2 8 0
2
T o 'y P -"'_‘\."""- = __.-.__._.-___ — =,
\-._,-rl:\./r'/l_/ \-._,-'.\_./CI\_#"M_J"-._; -._/'H_F"rk_,-tn_-\-\'(-.-_'. L
‘ First L1 Signalling Block -

l"' (KL1=3408 cells)

. Pilot O L1 Signalling Data

Figure 34: L1 Block signalling

9.3.3.1 Locations of the preamble pilots

A given OFDM carrier & of the Preamble Symbol is a pilot if the following equation is fuifilled:

kmodD, =0
Where: k is the OFDM carrier index and D, =6 is the separation of the preamble pilots.

9.3.3.2 Amplitude and modulation of the preamble pilots

The pilots shall be modulated as:

Re{f:,fp,k }= App-21/2-1)
tmieh 4 f=0

Where A, is the amplitude of the preamble pilots, 7, is the pilot reference sequence as defined in clause 9.2.3, m is the

C2 Frame, / » is the Preamble Symbol number and k is the absolute carrier index.

The amplitude of preamble pilots (Ay,) is fixed to Ap,=6/5 in case of 1/128 Guard Interval and fixed to Aj;=4/3 in case
of 1/64 Guard Interval.
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9.3.4  Mapping and scrambling of the signalling data

The OFDM Cells that are not occupied by pilots shall carry signalling data. As the signalling data is cyclic in the
frequency domain, it shall be scrambled. The content of each data preamble OFDM Cell k is defined as:

Refel,, ,J=Refal  }- (-1

ith g =(kmod X, }-|(kmodK,, )/ 6
i =y, } e 7 Emea il {lmotkal

Where af: . is the output of the frequency interleaver of OFDM Symbol /. atindex g, w; is the k-th output of the
reference sequence defined in clause 9.2.1 and K, =3408 is the number of OFDM carriers per L1 Signalling Block.

Since Data Slices are typically not aligned to L1 signalling blocks the receiver tuning window typically contains parts
of different L1 signalling blocks. The re-ordering of the included sub-carriers to retrieve the L1 block in the frequency
domain (i.e. after FFT on receiver side) is shown in figure 35.

Tuning
Frequency f;

L1 Block L1 Blockr L1 Block
m-1 ] #m #m+1
L N A
\ '
. iluning windpw

Reorgered
L1 Block

Figure 35: Retrieving a complete L1 block out of two partial L1 blocks

Depending on the receiver tuning frequency ft, (given as actual tuning position as OFDM subcarrier mod K ) the
reordered L1 Block (including pilots) is described as follows (3 584 subcarrier receiver example):

. fimod Ky | <1704: Ll_subcariers = [L1(f, ... (£, +1704)), L1, ((f, +K; -1703) ... Ky ;)]
«  fimodK;;>=1704: LI1_subcariers=[L1_((f, -1 703) ... K ), L1 (1 .. (ft-K;; +1704))]

With m as the index of the L1 block.

9.3.5  Nofiches within Preamble Symbols

Equivalent to Data Slices Preamble Symbols may contain Notches. The cells within preamble Notches shall not carry
any transmit power. Preamble Notches always coincide with Data Slice Notches, i.e. the same OFDM sub-carriers are
omitted. Notches can be applied to Preamble Symbols in 2 different ways.

9.3.51 Narrowband Notches

Narrowband Notches have a bandwidth below 48 OFDM subcarriers. The Data Slices bandwidth 1s a multiple of the
guard interval granularity (i.e. 11, 23, 35, 47 subcarriers for GI = 1/64 or 23, 47 subcarners for GI = 1/128),

The lack of L1 signalling in narrewband Notches is compensated by the preamble FEC. Only one narrowband Notch

shall be allowed at any tuning position of 3408 OFDM subcarriers {1.¢. 7,61 MHz for the 8 MHz mode and 5,71 MHz
for the 6 MHz mode) bandwidth.
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9.35.2 Broadband Notches

Broadband Notches have a bandwidth higher than 47 subcarriers. For Data Slice decoding the receiver tuner shall not
tune to a region with a broadband Notch since a reliable L1 decoding cannot be guaranteed (missing L1 blocks cannot
be recovered by the preamble FEC in every case),

Broadband Notches shall not be inserted in the C2 System unless at least one neighboured continuous L1 signalling
block region above 3 408 subcarriers is available. During initial acquisition to a C2 System this allows the receiver to
recognize the broadband Notch and to retune to a frequency range with consistent L1 signalling data.

Broadband Notches shall always be located between different Data Stices,

In case the set of subcarriers of C2 systern neighboured to a broadband notch is below 3 408 subcarriers (i.e. L1 blocks
can't be decoded in a reliable way), all Data Slices within this set of subcarriers shall use the Data Slice Type 2 and be
configured to 'fixed’ (i.e. DSLICE_CONST_CONF flag in L1 part 2 signalting is set to 1).

In any case the minimum set of subcarriers of a C2 System neighboured to a broadband notch is 841 subcarriers,

ensuring that at least 5 continual pilots are available in the related frequency band for proper signal processing in
receivers.

9.4 Data Slice generation

Data Slices can be treated as separate channels and no interleaving is performed between different ones. Each Data
Slice is identified by a start OFDM carrier K¢ .. and an end OFDM carrier K ¢ ., whereby Kpg o = K, and

Kps max < Ky, - Data Slices shall only start and end at scattered pilots positions and end next to a scattered pilot
position. Additionally, Data Slices shall not overlap each other.

941 Location of Data Slices

9411 Start and end OFDM carrier of Data Slices

The start and the end frequency of the Data Slices is signalled in the Layer [ Signalling by means of the
START_FREQUENCY, the DSLICE_TUNE_POS, the DSLICE_OFFSET_LEFT and DSLICE_OFFSET_RIGHT
valugs, While the START FREQUENCY and the DSLICE_TUNE_POS are quasi static between different C2 Frames,
the other two values may change every frame, depending on the chosen mode. As the Data Slices shall only start at
scattered pilots positions and end next to them, the signalling depends on the value D (which depends on the Guard

Interval size). Furthermore, the value of START_FREQUENCY shall be a multiple of D as well.
Thus, the start frequency and end carrier of a Data Slice shall be:

K ps o = (DSLICE _TUNING _ POS + DSLICE _OFFSET _LEFT)-D, + START _ FREQUENCY

K s =(DSLICE _TUNING _POS + DSLICE _OFFSET _RIGHT)- D, +START _ FREQUENCY -1

94.1.2 Maximum width of Data Slices

The width of each Data Slice shall not exceed 3 408 OFDM carriers (7,61 MHz for 7y, = 448 us),ie.
K ps max = K ps.min <3408

If the width of a Data Slice exceeds 3 408 OFDM carriers, the receiver shall ignore the Data Slice, i.e. treat it as not
present,
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94.1.3 Minimum width of Data Slices

The Layer 1 signalling may indicate Data Slices without any payload capacity. Such Data Slices may be used if no
payload data has to be transmitted. These Data Slices shall be signalled by:

DSLICE _OFFSET _LEFT =DSLICE OFFSET RIGHT

No Data Slices with negative width shall be signalled. If Data Slices with negative width are received, these Data Slices
shall be ignored by the receiver.

If DSLICE_TYPE is '0' and the Data Slice has a width > 0, the Data Slice shall be able to transmit at least one complete
Data Slice Packet.

9414 Notches within Data Slices

Data Slices may contain Notches. The cells within these Notches shall not carry any transmit power, The start and the
end carrier of each Notch are indicated within the corresponding Layer 1 signalling. Notches always start and end next
to scattered pilot positions.

The start carrier and end carrier of each Notch shall be defined as:

K,y = NOTCH _START - D, + START _ FREQUENCY +1
K, v = (NOTCH _START + NOTCH _WIDTH )- D +START _ FREQUENCY -1

where D, is the guard interval dependent pilots repartition. Notches having a NOTCH_WIDTH of 0 shall be ignored
by the receiver.

94.2 Number of payload cells in Data Slice

The number of payload cells per Data Slice per OFDM Symbol N ¢ equals (K ps.max — Kps.min T 1) minus the number
of continual pilots, scattered pilots, reserved tones and cells that are located in Notches.

Please note that the number of payload cells in a Data Slice may vary between different OFDM Symbols in one C2
Frame.

9.4.3  Mapping of the Data Slice Packets

The Data Slice Packets shall be mapped onto the Npg Data Cells per OFDM Symbol. Data Cells within a Data Slice are
cells, which are not pilots, reserved tones or Notches. The Data Slice Packet data g,...& Ny-l- shall be mapped onto

the Data Cells a,, , , of the OFDM Symbol in an increasing value of the carrier index k within the range:

KDS,min < k < KDS,max .

If the data of one Data Slice Packet exceeds the length of a C2 Frame, the data shall cross seamlessly into the next C2
Frame. If a Data Slice was not present in the previous C2 Frame (a Data Slice of width 0 was present), the Data Slice
Packet data shall be mapped to the first available Data Cell of the Data Slice.

For DSLICE_TYPE='0' the start of the first complete Data Slice Packet shall be signalled within the PLP_ START value
of the Layer 1 signalling. If the Data Slice has zero width, the PLP_START shall be set to zero.

If no payload data is to be transmitted for DATA_SLICE_TYPE 'l', dummy Data Slice Packets shall be transmitted
instead (see clause 7.2).
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94.4  Time Interleaving

The time interleaver (TI) shall operate at Data Slice level. The parameters of time interleaving may be different for
different Data Slices within a C2 System, while it is the same for all PLPs within a Data Slice. The exact number and
positions of all pilots and reserved tones within each Data Slice shall be known to the TI prior to frame building.

The Data Cells from a Data Slice builder for each Data Slice shall be grouped into TI blacks. The start and/or end of
Data Slice Packets of each PLP constituting the Data Slice may not be aligned with those of TI blocks. Each T1 block
within the Data Slice shall contain Npgy ror 77 para cerr Payload Data Cells carried by Nyg 1o 77 pepry Data

Symbols. Npesicr 17 pepry is known from DSLICE_TI_DEPTH signalled in L1 signalling part2 (see clause 8.3).
NDSLICE_TI“D ATA_CELL is calculated as:

- !
NDSL!CE TI _DATA_CELL — ZNDS
11 block

where N 1,5 is the number of payload ceils of /-th Data Symbol of the TI block, which is described in clause 9.4.2 in
more detail. Every TI bilock of the Data Slice shall have the same number of payload cells.

The length of time interleaving period I is defined as:

T, =T;x NDSLJCE_TI DEPTH »
where T is a total OFDM Symbol duration.

Simple and typical T memory space (one per Data Slice) is identical to the space of Npgy ;e 77 pepry Data Symbols
within the Data Slice. In other words, the TI memory space includes the positions of all pilot and reserved tone cells as
well as Npgyree 71 para cerg Data Cells, The pilot and reserved tone cell positions within TI memory may be filled
with dummy zeros. Notch bands in the Data Slice may be discarded from the TI memory.

The T1 shall store in the TI memories the Data Cells from the output of Data Slice builder. As the number and position
of all pilots and reserved tones are previously known to the TI, the Data Cells should not be stored in pilot or reserved
tone positions. Reserved pilot and reserved tone positions in the TI memory guarantees the time interleaving structure
of Data Cells (shown in figure 37) are unchanged after frame building.

Typically, the time interleaver will also act as a buffer for Data Slice cells prior to the process of frame building. This
can be achieved by means of two memory banks for each Data Slice. The first TI bleck is written to the first bank. The
second T1 block is written to the second bank whilst the first bank is being read from and so on, see figure 36.

ETSst



Data Slice 1
Memory

WRITE

Data Slice 2
Memary

Data Slice k
Memory

Memory Bank A

Data Slice 1

Memory

Data Slice 2
Memory

ETSi EN 302 769 V1.2.1 (2011-04)
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Memory Bank B

Figure 36: Example of operation of time interleaver memory banks

The TT shall be a twisted row-column block interleaver: the number of rows ¥, in the interleaver is equal to the time
interleaving depth Npg;r j~¢ 77 pepry and the number of columns N, to Data Slice width Npyg 1o wipyyy The Data

Shice width is 1dentified by:

Npsiice wipta = KDS,max -

where Kpg .0 and Kpg .., 15 the start and end OFDM Cell index of the Data Slice respectively. More details of Data
Slice configuration is described in clause 9.4,1.1. The mput cells are serially written into the interleaver memory in a

diagonal direction, and serially read out row-wise as shown n figure 37,

Assuming the index i ranging from 0 to (Npgr e 71 cgri-1), Where Npgrree 17 gy, 18 the total number of cells within

Npst. ICE_TI DEPTH Data Symbols of the Data Slice and calculated as:

N DSLICE_TI_CELL — N pstice 7_pepre X Npsuce _WIDTH *

The column index C,, the row index R; and associated twisting parameter 7 is calculated as:

C, =imod N,
T =C, mod N,
R =(T. +(idivN_)ymod N,.
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Then, every cell positions in the TI memory is uniquely defined by a coordinate (R;, C)). The input Data Cells &}
(=0, ..., Npsiice 11 pata cery-1) are written in positions (R;, C) (i=0, ... , Npgricr 71 cgry-1) within the TI
memory only if the positions are assigned for payload Data Cells:

k=0
Jor (i=0;i <Npsice_1r_cees 1=+
GENERATE (R,C));

if (R,,C)=data cell position {
WRITE d, to (R,,C));
k=k+1;

'

Note that the TI cutputs only Data Cells from the TT memory excluding dummy pilot cells and reserved tones. As a
result, the input and output Data Cell rates are unchanged after time interleaving.
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94.5 Frequency Interleaving

The frequency interleaver operates on the Data Cells of one OFDM Symbol that comprise the slice of celis allocated to
a given Data Slice. Its purpose is to map the Data Cells of this slice from the frame builder onto the Ny, data carriers

allocated for the given Data Slice in each OFDM Symbol.

For Data Slice », the frequency interleaver shall process the Data Cells X, ;= (x,, 10 %y 175 oo Xy N ggra2)-] ) of the
OFDM Symbol / of C2 Frame m from the frame builder.

The parameter M, .. is defined as 4 096, i.e. the smallest power of 2 higher than the maximum Data Slice width of

3 408 OFDM Cells.

For Data Slice n with N4, . () data carriers in OFDM symbol 7 of M, ,, sub-carriers the interleaved vector 4 mi = @y 100
Q15 D 2000 | Ndm(")_l) is defined by:

A l.q =%, Holg) for even symbols of the frame (/ mod 2 = 0) for ¢g=0,...,Ny,.,(n)-1
@ i tg =% m1,H,(q) for odd symbols of the frame (/ mod 2 = 1) for g = 0,..., Ny, (7)-1
H (g) and H (q) are permutation function based on the sequence R'; defined by the following.
An (N, - 1) bit binary word R'; is defined, with N, = log, M, .., where R'; takes the following values:
i=0,1: R [N,22, N,-3...,1,00=0,0,...,0,0
i=2 R'; [N,-2, N-3,..,1,01 = 0,0,...,0,1
2<i<M .0 { RY[N-3,N-A4,.,1,01=R, IN-2,N,-3,..2,1];
where: N,= 12 and R, [10] = R, | [0} @ R',4[2] .
A vector R;is derived from the vector R'; by the bit permutations given in table 32.

Table 32: Bit permutations for the 4K mode

Rjbitposiions -~ [10] 9[8]7|6|5] 4 |3]|2]1] 0
R;bitpositions (Ho) | 7 (10| 5|8 |1 |2 | 4 [9][0]|3] s
R;bitpositions(H1) | 6 | 2 | 7 |10| 8|0 | 3 [4|1]9]| 5

Each permutation function H(g) is defined by the following algorithm:
q=0;
for(i=0;i<M_, ;i=i+1)
N, -2
{H(g)=(imod2)2" "+ Y R (/).2;
j=0

if (H(@)<Nga()) g=g+1; }

A schematic block diagram of the algorithm used to generate the permutation function is represented in figure 38,
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Figure 38: Frequency interleaver address generation scheme for the 4K mode OFDM

The output of the frequency interleaver for Data Slice » is the interleaved vector of Data Cells 4, ;= (@, 1 0» @115
B 1,250 B N g (1) -1) that is then allocated to Data Cells v, ;; of symbol / of C2 Frame m according to:

Vel Bm+i = 9m,li

where B(n) is the location of the first Data Cell of symbol / allocated to slice n and i = 0,1,2, . . . . Ny, (n)-1.

9.5 Stuffing Data Slices

Within an OFDM signal Stuffing Data Slices may be transmitted. The Stuffing Data Slices shall not be signalled within
the L1 signalling. Pilots and dummy carriers shall be transmitted at the same positions as in normal Data Slices.

The modulation of the cells not mapped to pilots or reserved tones shall carry a mean power value of 1. The transmitter
shall ensure a random-like distribution of the modulation values.

9.6 Pilot Insertion

9.6.1 Introduction

Various cells within the OFDM frame are modulated with reference information whose transmitted value is known to
the receiver. Cells containing reference information are transmitted at "boosted" power level. These cells are termed
scattered, continual and edge pilots. The locations and amplitudes of these pilots are defined in clauses 9.6.2 t0 9.6.4,
The value of the pilot information is derived from a reference sequence, r; which is a series of values, one for each

transmitted carrier on any given symbol. The reference sequence is defined in clause 9.2.3.

The pilots can be used for frame synchronization, frequency synchronization, time synchronization, channel estimation
and can also be used to follow the phase noise.

Table 33 gives an overview of the different types of pilot and the symbols in which they appear. This clause only

describes pilots inserted to Data Symbols 1.e. scattered, continual and edge pilots. Preamble pilots are described in
clause 9.3.3.
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Table 33: Presence of the various types of pilots in each type of symbol (X=present)

Symbol PILOT TYPE . -
Scattered Continual Edge Preamble |
Preamble X |
Data X X X

The following clauses specify values for ¢, ;;, for certain values of m, / and &, where m and / are the C2 Frame and
symbol number as previously defined, and & is the OFDM carrier index (see clause 3.2},

9.6.2 Scattered pilot insertion

Reference information, taken from the reference sequence, is transmitted in scattered pilot cells in every symbol except
Preamble Symbol(s) of the C2 Frame. The locations of the scattered pilots are defined in clause 9.6.2.1, their amplitudes
are defined in clause 9.6.2.2 and their modulation is defined in clause 9.6.2.3.

9.6.2.1 l.ocations of the scattered pilots

The locations of scattered pilots depend only upon the symbol index /, carrier index k and the Gl fraction. A given
carrier & of the OFDM signal on a given symbol / will be a scattered pilot if the appropriate equation below is satisfied:

kmod(Dy - Dy)=Dy(Imod Dy)

where: Dy, Dy are defined in table 34.

k: 0 RF origin carrier index.
I: Data Symbel index.

Table 34: Parameters defining the scattered pilot patterns

G1 Fracti Separation of pilot bearing Number of symhols forming one scattered
raction carriers (D) pilot sequence (D)
1/64 12 4
1/128 24 4

The scattered pilot patterns are illustrated in annex H.

9.6.22 Amplitudes of the scattered pilots
‘The amplitudes of the scattered pilots, 4gp, are fixed as 7/3. This amplitude is commonly used for continual pilots and
edge pilots as well.
9.6.2.3 Modulation of the scattered pilots
The phases of the scattered pilots are derived from the reference sequence given in clause 9.3.
The modulation value of the scattered pilots is given by:

Ref{c,, 14} = Agp2(1/2 -r)

Im{c,;x}=0.

where Agp is as defined in clause 9.6.2.2, r; is defined in clause 9.3, m is the C2 Frame index, £ is the frequency index
of the carriers.
9.6.3 Continual pilot insertion

In addition to the scattered pilots described above, a number of continual pilots are inserted in every symbol of the
frame except for Preamble Symbol(s). The number and location of continual pilots are the same for all GI fractions
(i.e. for scattered pilot patterns).
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9.6.3.1 Locations of the continual pilots

The continual pilot locations are defined within a block of K7 | = 3 408 carriers and this pattern is repeated to support
the entire range of possible carriers. The K| | carrier index block is aligned with the L1 signalling block, whose length is
also KLI‘

The continual pilot locations within the K|, carrier index block are defined in table 35. A given carrier index & of the
OFDM signal will be a continual pilot if X mod K| ; is matched with one of the numbers in table 34,

Table 35; Continual Pilot Carrier Indices

Indices
96 216 306 390 450 486 780 804
924 1026 1224 1422 1554 1620 1680 1902
1956 2016 2142 2220 2310 2424 2466 2736
3048 3126 3156 3228 3294 3366

9.6.3.2 Amplitudes of the Continual Pilots

The amplitudes of the continual pilots, Acp, are fixed as 7/3. This amplitude is commeonly used for scattered pilots and
edge pilots as well.

9.6.3.3 Modulation of the Continual Pilots
The phases of the continual pilots are derived from the reference sequence given in clause 9.3,
The modulation value for the continual pilots is given by:
Re{c,, 1} =2 Acp (12 -1y)
Im{c,;;}=0

where ry is defined in clause 9.3

9.6.4  Edge pilot insertion

In addition to the scattered and continual pilots, a number of edge pilots are also inserted at the 'edge’ carrier locations in
every symbol except Preamble Symbol(s). The number of edge pilots depends upon the number of spectrum Notches
within an OFDM signal.

9.6.4.1 Locations of the edge pilots

There are two kinds of edge carrier; those carriers at the upper and lower extremes of the OFDM spectrum and those
carriers either side of a spectrum Notch. The edge pilots are inserted in both cases.

The lowest frequency edge pilot of the OFDM spectrum is inserted by replacing potential data and scattered pilot
carriers. On the other hand the highest frequency edge pilot of the OFDM spectrum is inserted as an extra carrier to the
data carriers. This ensures that the edge pilots are on the scattered pilot bearing carriers. These pilot locations are shown
in figure 39.
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Canrrier Index
Symbol k mod Dy

Index { 5 0
Preamble| - @OOOOOOOOOO """" OOOO@OOOOO@

N
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3 & Q
SYmboly s @ 336 - 83355083659
@ Preamble pilot OL1/Data Continual pilots are not indicated
@ Edge pilot

Figure 39: OFDM spectrum edge pilot locations

Edge pilots are also placed either side of spectrum Notches. The edge pilot for the lower frequency edge of a Notch is
inserted at carrier index Ky ;. - 1, whereas the edge pilot for the higher frequency edge of a Notch is inserted at carrier

index Ky oy + 1. Where Ky [0 and Ky 1, are the start and end carrier indices for a spectrum Notch, details are
defined in clause 9.4.1.3. These edge pilots will lie on scattered pilot bearing subcarriers. These pilot locations are
shown in figure 40.

Carrier Index
Symbol K mod Dy

Index f 5 0
Preambled = T OOO@OOOOO@ @OOOOO@OO

symbols| gggggggge §§§§§§§§

Data 9.9.0.0.0.0.0 60

Sy L 8300000006 5 %88888888

Carrier Index KNrmn K max

@ Preamble pilot OL1/Data
@ Edge pilot 0 Spectrum notch Continual pilots are not indicated

- o

BB )

Figure 40: Spectrum Notch edge pilot locations

NOTE: The edge pilot locations are always be at integer multiples of D,. They are scattered pilot bearing carriers.

064.2 Amplitudes of the Edge Pilots

The amplitude of the edge pilots and the scattered pilots is 7/3.

9.6.4.3 Modulation of the Edge Pilots

The modulation of these cells is exactly the same as for the scattered pilots, as defined in clause 9.6.2.3:
Re{cm,]'k} =2 ASP (1/2 -rk)

Im{ Cm'!'k } =0,
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9.7 Dummy carrier reservation

Some OFDM Cells can be reserved for varying purposes, e.g. PAPR reduction. The amplitudes of these cells can be
defined freely, while their power level shall not exceed the power level of pilots within the data OFDM Symbols.

In the Data Symbols excluding Preamble Symbols, the set of carriers corresponding to carrier indices defined in

table 36 or their circularly shifted set of carriers shall be reserved depending on the OFDM Symbol index of the Data
Symbol, when the reserved tones are activated by a relevant L1 signalling part 2, 'RESERVED_TONES'. The amount
of shift between two consecutive OFDM Symbols shall be determined by the separation of pilot bearing carriers, D

and the number of symbols forming one scattered pilot sequence, Dy (see table 34 in clause 9.6.2.1). Furthermore, the
reserved carrier patterns are repeated at every interval of 8 blocks of K ;=3 408 carriers. Thus, in the Data Symbol
corresponding to Data Symbol index / of a C2 Frame, the OFDM Cell is a reserved tone if:

[k mod (8- K,)]-D,({mod D,)e S, 0<gi<L,,

where k is the absolute carrier index, £, denotes the number of Data Symbols in a C2 Frame, and S, is the set of
carrier indices listen in table 36.

Positions of reserved carriers within Notches shall be excluded from the set of reserved carriers.

Table 36: Reserved carrier indices §,

Reserved Carrier Indices S,

161, 243, 296, 405, 493, 584, 697, 741, 821, 934, 1021, 1160, 1215, 1312, 1417, 1462, 1591, 1693, 1729, 1845, 1910
1982, 2127, 2170, 2339, 2365, 2499, 2529, 2639, 2745, 2864, 2950, 2992, 3119, 3235, 3255,

3559, 3620, 3754, 3835, 3943, 3975, 4061, 4210, 4270, 4371, 4417, 4502, 4640, 4677, 4822, 4904, 5026, 5113, 5173,
5271, 5317, 5426, 5492, 5583, 5740, 5757, 5839, 5935, 6033, 6146, 6212, 6369, 6454, 6557, 6597, 6711,

6983, 7047, 7173, 7202, 7310, 7421, 7451, 7579, 7666, 7785, 7831, 7981, 8060, 8128, 8251, 8326, 8369, 8445, 8569,
8638, 8761, 8873, 8923, 9017, 9104, 9239, 9283, 9368, 9500, 9586, 9683, 9782, 9794, 9908, 9989, 10123,

10327, 10442, 10535, 10658, 10739, 10803, 10925, 11006, 11060, 11198, 11225, 11326, 11474, 11554, 11663, 11723,
11810, 11902, 11987, 12027, 12117, 12261, 12320, 12419, 12532, 12646, 12676, 12808, 12915, 12941, 13067, 13113,
13246, 13360, 13426, 13520,

13811, 13862, 13936, 14073, 14102, 14206, 14305, 14408, 14527, 14555, 14650, 14755, 14816, 14951, 15031, 15107,
15226, 15326, 15392, 15484, 15553, 15623, 15734, 15872, 15943, 16043, 16087, 16201, 16299, 16355, 16444, 16514,
16635, 16723, 16802, 16912,

17150, 17285, 17387, 17488, 17533, 17603, 17708, 17793, 17932, 18026, 18081, 18159, 18285, 18356, 18395, 18532,
18644, 18697, 18761, 18874, 18937, 19107, 19119, 19251, 19379, 19414, 19522, 18619, 19691, 19748, 19875, 19935
20065, 20109, 20261, 20315

20559, 20703, 20737, 20876, 20950, 21069, 21106, 21231, 21323, 21379, 21494, 21611, 21680, 21796, 21805, 21958,
22027, 22091, 22167, 22324, 22347, 22459, 22551, 22691, 22761, 22822, 22951, 22981, 23089, 23216, 23290, 23402,
23453, 23529, 23668, 23743,

24019, 24057, 24214, 24249, 243385, 24445, 24554, 24619, 24704, 24761, 24847, 24947, 25089, 25205, 25274, 25352,
25474, 255637, 25612, 25711, 25748, 25874, 25984, 26078, 26155, 26237, 26324, 26378, 26545, 26623, 26720, 26774,
26855, 26953, 27021, 27123

10 OFDM generation

The function of the OFDM generation module is to take the cells produced by the frame builder, as frequency domain
coefficients and to transform them into the frequency domain.

10.1  IFFT - OFDM Modulation

This clause specifies the OFDM structure to use for each transmission mode. The transmitted signal is organized in
frames. Each frame has duration of T}, and consists of L OFDM Symbols. Each symbol is constituted by a set of

K1) carriers transmitted with a duration Tg. It is composed of two parts: a useful part with duration 7} and a guard
interval with duration A. The guard interval consists of a cyclic continuation of the useful part, 7y, and is inserted
befere it. The allowed combinations of FFT size and guard interval are defined in table 38.
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The symbols in a C2 Frame are numbered from 0 to Lg-1. All symbols contain data and reference information.

Since the OFDM signal comprises many separately modulated carriers, each symbol can in turn be considered to be
divided into cells, each corresponding to the modulation carried on one carrier during one symbol.

The carriers are indexed by & € [K;; K., ] and determined by K., and K.
is 1/Ty; while the spacing between carriers K ;. and K, are determined by K, /Ty

The spacing between adjacent carriers

The emitted signal is described by the following expression:

hid LF =| Kmax

s(t)=Re Dy ;J%Zf,,,,m 370

Where:

jZﬂ%(r—A—lTs -mT) ( )
miy +1Te <t <mTy +\[ +1)T
— F S F N
Wm,! K (t) -
otherwise
and:
k denotes the carrier number;

! denotes the OFDM Symbol number starting from 0 for the first Preamble Symbol of the frame;

m denotes the C2 Frame number;

is the number of transmitted carriers, i.e. A K. .. —K., +1;

total

L total number of OFDM Symbols per frame (including the preamble);
Tg is the total symbol duration for all symbols, and Tg=Ty+a;
Ty s the active symbol duration defined in table 38;

A is the duration of the guard interval, see clausel0.2;

Cy 1 18 the complex modulation value for carrier & of the OFDM Symbol number / in C2 Frame number m;

Tp s the duration of a frame, Tz = LT ;

K. .. Carrier index of first (lowest frequency) active carrier;

K, Carrier index of last (highest frequency) active carrier.

The OFDM parameters are summarized in table 38, The values for the various time-related parameters are given in
multiples of the Elementary Period T and in microseconds. The Elementary Period T is specified for each channel raster
bandwidth in table 37.

Table 37: Elementary period as a function of channel raster bandwidth

{Channel Raster "6 MHZ" "8 MHZ" |
Elementary period T 7148 ps Ti6dps |
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Table 38: OFDM parameters

Il6 MHZ" "6 MHZII "8 MHZ“ "8 MHZ"

Parameter 1/64 1128 1/64 1128
Number of OFDM carriers per L1 Block K| 4 3408 3408 3408 3408
Bandwidth of L1 Signalling Block {see note) 5,71 MHz 571 MHz 7,61 MHz | 7,671 MHz
Duration Ty, 40967 | 40967 | 40067 | 4096 T
Duration T, ps (see note) 597,3 597.3 448 448
Carrier spacing 11T, (Hz) 1674 1674 2232 2232
(see note)
Guard Interval Duration AT, 64T 327 64T 327
Guard Interval Duration A/T,, ps (see note) 9,33 4,66 7 3,5

NOTE: Numerical values in italics are approximate values.

10.2  Guard interval insertion

Two different guard interval fractions (A/T ) are defined. Further details are given in table 38 in clause 10.1.

10.3  Spectrum characteristics

The OFDM Symbols constitute a juxtaposition of equally-spaced orthogonal carriers. The amplitudes and phases of the
Data Cell carriers are varying symbol by symbol according to the mapping process previcusly described.

The power spectral density Py (f) of each carrier at frequency:

£ =—T]E_f0eri" <k<K_,

U

is defined by the following expression:

sin:r(f—fk)T,T
2(f — [T,

The overall power spectral density of the modulated Data Cell carriers is the sum of the power spectral densities of all
these carriers. A theoretical DVB transmission signal spectrum is illustrated in figure 41. The blue curve illustrates the
theoretical spectrum of a 7,61 MHz wide signal (The first used subcarrier K,;, is located at the relative frequency of

0 MHz). The red curve illustrates the lower frequency edge of a 445 MHz wide signal. Because the OFDM Symbol
duration is larger than the inverse of the carrier spacing, the main lobe of the power spectral density of each carrier is
narrower than twice the carrier spacing. Therefore the spectral density is not constant within the nominal bandwidth.

Pl-(f)=[

NOTE: This theoretical spectrum takes no account of the variations in power from carrier to carrier caused by the
boosting of the pilot carriers.
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Figure 41: Theoretical DVB-C2 signal spectrum for guard interval fraction 1/128 and different signal

bandwidths (8 MHz and 445 MHz (lower edge only))

No specific requirements are set in terms of the spectrum characteristics after amplification and filtering, since it is
considered to be more appropriately defined by the relevant standardization authorities, depending on both the regions
and the frequency bands in which the C2 System is to be deployed.
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Annex A (normative):
Addresses of parity bit accumulators for Nldpc = 64 800

Example of interpretation of table A.1.

P17 = Pair Oy Paoss = Poass @iy Pospy = Prsns @y Pogys = Py Py Paszg = Pasas Dy
Pisis = Pisis @iy Poroa = Peroa Plo Pero = Peroo Plo Poror = Pors @ly Proost = Proost P
Piano = Prame @iy Proagy = Proagr @l Pargze = Paiozs Py

P = Py @l Posis = Poyis @ly Posgs = Posgs Py Pargs = Prrgs Dy Pises = Passs D
Psoxe = Passe Dl Persa = Peasa Py Perso = Poroo Plo Porst = Porst @ly Pions = Piony Py

Prarss = Proge Dly Dinsgr = Prasr Py Paross = Parose Dl

Passt = Passt Phisy Paanos = Pazros Plaso Paagss = Passss P liso  Pagzes = Poszes Plaso
Pasiis = Pasors Plzse Pasie = Pasiie @ hase Porma = Parzs Plisy  Pagoso = Pogase D haso
Paosnt = Paost Plzsg Prisor = Paisor Dlase Przro = Prazro Pliso Pagoar = Pagoar D s

Pasio = Pasro Dy

Pioss = Pross @isso Paor = Paoor Plago Pares = Pavs Plagy Pazos = Pusos Plagy Puorer = Prorer Plago
Prasos = Prasos Plage Prasss = Prasos D lsse Prassr = Pragor Plseo Presnz = Proszz Plseo

Py = Pimr @lsee Pronss = Piozas Plagy Py = Paians Plage Parsre = Paizne Plagg

ETS!



a0 ETSI EN 302 769 V1.2.1 (2011-04)

Table A.1: Rate 2/3 (Njq,,. = 64 800)

317 2255 2324 2723 3538 3576 6194 6700 9101 10057 12739 17407 21039
1958 2007 3294 4394 12762 14505 14593 14692 16522 17737 19245 21272 21379
127 860 5001 5633 8644 9282 12690 14644 17553 19511 19681 20954 21002
2514 2822 5781 6297 8063 9469 9551 11407 11837 12985 15710 20236 20393
1565 3106 4659 4926 6495 6872 7343 8720 15785 16434 16727 19884 21325
706 3220 8568 10896 12486 13663 16398 16599 19475 19781 20625 20961 21335
4257 10449 12406 14561 16049 16522 17214 18029 18033 18802 19062 19526 20748
412 433 558 2614 2978 4157 6584 9320 11683 11819 13024 14486 16860

777 5906 7403 8550 8717 8770 11436 12846 13629 14755 15688 16392 16419
4003 5045 6037 7248 8633 9771 10260 10809 11326 12072 17516 19344 19938
2120 2648 3155 3852 6888 12258 14821 15359 16378 16437 17791 20614 21025
1085 2434 5816 7151 8050 9422 10884 12728 15353 17733 18140 18729 20920
856 1690 12787

6532 7357 9151

4210 16615 18152

11484 14036 17470

2474 10291 10323

1778 6973 10739

4347 9570 18748

2189 11942 20666

3868 7526 17706

8780 14796 18268

160 16232 17399

1285 2003 18922

4658 17331 20361

2765 4862 5875

4565 5521 8759

3484 7305 15829

5024 17730 17879

7031 12346 15024

179 6365 11352

2490 3143 5098

2643 3101 21259

4315 4724 13130

594 17365 18322

5983 8597 9627

10837 15102 20875

10448 20418 21478

3848 12029 15228

708 5652 13146

5998 7534 16117

2098 13201 18317

9186 14548 17776

5246 10398 18597

3083 4944 21021

13726 18485 19921

6736 10811 17545

10084 12411 14432

1064 13555 17033

679 0878 13547

3422 9910 20194

3640 3701 10046

5862 10134 11498

5923 9580 15060

1073 3012 16427

5527 20113 20883

7058 12924 15151

9764 12230 17375

772 711 12723

555 13816 15376

10574 11268 17932
15442 17266 20482
390 3371 8781
10512 12216 17180
4309 14068 15783
3971 11673 20009
9258 14270 17199
2947 5852 20101
3965 9722 15363
1429 5689 16771
6101 6849 12781
3676 9347 18761
350 11659 18342
5961 14803 16123
2113 9463 13443
2155 9808 12885
2861 7988 11031
7309 9220 20745
6834 8742 11977
2133 12908 14704
10170 13809 18153
13464 14787 14975
799 1107 3789
3571 8176 10165
5433 13446 15481
3351 6767 12840
8950 8974 11650
1430 4250 21332
6283 10628 15050
8632 14404 16916
6509 10702 16278
15900 186385 17995
8031 18420 19733
3747 4634 17087
4453 6297 16262
2792 3513 17031
14846 20893 21563
17220 20436 21337
275 4107 10497
3536 7520 10027
14089 14943 19455
1965 3931 21104
2439 11565 17932
154 15279 21414
10017 11269 16546
7169 10161 16928
10284 16791 20655
36 3175 8475

2605 16269 19290
8947 9178 15420
5687 9156 12408
8096 9738 14711
4935 8093 19266
2667 10062 15972
6389 11318 14417
8800 18137 18434
5824 5927 15314
6056 13168 15179
3284 13138 18919

13115 17259 17332
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Table A.2: Rate 3/4 (N, = 64 800)

0 6385 7901 14611 13389 11200 3252 5243 2504 2722 821 7374

1 11359 2698 357 13824 12772 7244 6752 15310 852 2001 11417
27862 7977 6321 13612 12197 14449 15137 13860 1708 6399 13444
3 1560 11804 6975 13292 3646 36812 8772 7306 5795 14327 7866
4 7626 11407 14599 9689 1628 2113 10809 9283 1230 15241 4870
5 1610 5699 15876 9446 12515 1400 6303 5411 14181 13925 7358
6 4059 8836 3405 7853 7992 15336 5970 10368 10278 9675 4651
7 4441 3963 9153 2109 12683 7459 12030 12221 629 15212 406

8 6007 8411 5771 3497 543 14202 875 9186 6235 13908 3563

9 3232 6625 4795 546 9781 2071 7312 3399 7250 4932 12652

10 8820 10088 11090 7069 6585 13134 10158 7183 488 7455 9238
111903 10818 119 215 7558 11046 10615 11545 14784 7961 15619
12 3655 8736 4917 15874 5129 2134 15944 14768 7150 2692 1468
13 8316 3820 505 8923 6757 806 7957 4216 15589 13244 2622

14 14463 4852 15733 3041 11193 12860 13673 8152 6551 15108 8758
153149 11881

16 13416 6906

17 13098 13352

18 2009 14460

19 7207 4314

203312 3945

214418 6248

22 2669 13975

23 7571 9023

24 14172 2967

2572717138

26 6135 13670

27 7490 14559

28 8657 2466

29 8599 12834

30 3470 3152

3113917 4365

32 6024 13730

3310973 14182

34 2464 13167

35 5281 15049

36 1103 1849

37 2058 1069

38 9654 6095

39 14311 7667

40 15617 8146

414588 11218

42 13660 6243

43 8578 7874

44 11741 2686

0 1022 1264

112604 9965

28217 2707

3 3156 11793

4 354 1514

56978 14058

6 7922 16079

7 15087 12138

8 5053 6470

912687 14932

10 15458 1763

1181211721

12 12431 549

13 4129 701

14 1426 8415

159783 7604

16 6295 11329

17 1409 12061

18 8065 9087

192918 8438

201293 14115

213922 13851

22 3851 4000

23 5865 1768
24 2655 14957
25 5565 6332
264303 12631
27 11653 12236
28 16025 7632
29 4655 14128
309584 13123
3113987 9597
32 15409 12110
33 8754 15490
34 7416 15325
35 2909 15549
36 2995 8257
37 9406 4791
38 11111 4854
39 2812 8521
40 8476 14717
41 7820 15360
42 1179 7939
43 2357 8678
44 7703 6216
03477 7067
13931 13845
2767512899
31754 8187

4 7785 1400
59213 5891
62494 7703
72576 7902

8 4821 15682

9 10426 11935
101810 904
1111332 9264
1211312 3570
13 14916 2650
14 7679 7842
15 6089 13084
16 3938 2751
17 8509 4648
18 12204 8917
19 5749 12443
20 12613 4431
211344 4014
22 8488 13850
23 1730 14896
24 14942 7126
25 14983 8863
26 6578 8564
27 4947 386

28 297 12805
29 13878 6692
30 11857 11186
31 14395 11493
3216145 12251
33 13462 7428
34 14526 13119
352535 11243
36 6465 12690
37 6872 9334
38 15371 14023
398101 10187
40 11963 4848
41151256119
42 8051 144865
43 11139 5167
44 2883 14521
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Table A.3: Rate 4/5 (Nyg,. = 64 800)

0 149 11212 5575 6360 12559 8108 8505 408 10026 12828

1 5237 490 10677 4998 3869 3734 3092 3509 7703 10305

2 8742 5553 2820 7085 12116 10485 564 7795 2972 2157

3 2699 4304 8350 712 2841 3250 4731 10105 517 7516

4 12067 1351 11992 12191 11267 5161 537 6166 4246 2363
56828 7107 2127 3724 5743 11040 10756 4073 1011 3422

6 11259 1216 9526 1466 10816 940 3744 2815 11506 11573
7 4549 11507 1118 1274 11751 5207 7854 12803 4047 6484
8 8430 4115 9440 413 4455 2262 7915 12402 8579 7052

9 3885 9126 5665 4505 2343 253 4707 3742 4166 1556

10 1704 8936 6775 8639 8179 7954 8234 7850 8883 8713

11 11716 4344 9087 11264 2274 8832 9147 11930 6054 5455
127323 3970 10329 2170 8262 3854 2087 12899 9497 11700
13 4418 1467 2490 5841 817 11453 533 11217 11962 5251
14 1541 4525 7976 3457 9536 7725 3788 2982 6307 5997
1511484 2739 4023 12107 6516 551 2572 6628 8150 9852
16 6070 1761 4627 6534 7913 3730 11866 1813 12306 8249
17 12441 5489 8748 7837 7660 2102 11341 2936 6712 11977

18 10155 4210
19 1010 10483
208900 10250
211024312278
22 7070 4397
23 12271 3887
24 11980 6836
259514 4356
26 7137 10281
27 11881 2526
28 1969 11477
29 3044 10921
302236 8724
319104 6340
32 7342 8582
33 11675 10405
34 6467 12775
353186 12198
09621 11445
17486 5611
243194879
32196 344
47527 6650

5 10693 2440
6 6755 2706

7 5144 5998

8 11043 8033
9 4846 4435
10 4157 9228
11 12270 6562
12 11954 7592
13 7420 2592
14 8810 9636
15689 5430
16 920 1304
17 1253 11934
18 9559 6016
193127589
204439 4197
21 4002 9555
22122327778
23 1494 8782
24 10749 3969
254368 3479
26 6316 5342
27 2455 3493
28 12157 7405
29 6598 11495
30 11805 4455
319625 2090
3247312321
33 3578 2608
34 8504 1849
354027 1151

0 5647 4935
14219 1870

2 10968 8054
3 6970 5447

4 3217 5638
58972669

6 5618 12472
7 1457 1280

8 8868 3883

9 8866 1224
108371 5972
11 266 4405
12 3706 3244
13 6039 5844
14 7200 3283
15 1502 11282
16 12318 2202
17 4523 965
18 9587 7011
19 2552 2051
20 12045 10306
2111070 5104
22 6627 6906
23 9889 2121
24 8299701
252201 1819
26 6689 12925
27 2139 8757
28 12004 5948
29 8704 3191
30 8171 10933
316297 7116
32 616 7146
33 5142 9761
34 10377 8138
357616 5811
0 7285 9863
17764 10867
212343 9019
34414 8331

4 3464 642

5 6960 2039

6 786 3021
7710 2086

8 7423 5601

9 8120 4885
10 12385 11930
119739 10034
12 424 10162
13 1347 7597
14 1450 112
157965 8478
16 8945 7397
17 6590 8316
18 6838 9011
196174 9410
20255113
216197 5835
22 12902 3844
23 4377 3505
24 5478 8672
254453 2132
26 9724 1380
27 12131 11526
28 12323 9511
29 8231 1752
30497 9022
319288 3080
32 24817515
33 2696 268
34 4023 12341
35 7108 5553
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Table A.4: Rate 5/6 (Nigp = 64 800)

04362 416 8909 4156 3216 3112 2560 2912 6405 8593 4969 6723
12479 1786 8978 3011 4339 9313 6397 2957 7288 5484 6031 10217
210175 9009 9889 3091 4985 7267 4092 8874 5671 2777 2189 8716
30052 4795 3924 3370 10058 1128 9996 10165 9360 4297 434 5138
4 2379 7834 4835 2327 9843 804 329 8353 7167 3070 1528 7311
53435 7871 348 3693 1876 6585 10340 7144 5870 2084 4052 2780

6 3917 3111 3476 1304 10331 5939 5199 1611 1991 699 8316 9960

7 6883 3237 1717 10752 7891 9764 4745 3888 10009 4176 4614 1567
8 10587 2195 1689 2968 5420 2580 2883 6496 111 6023 1024 4449

9 3786 8593 2074 3321 5057 1450 3840 5444 6572 3094 9892 1612
10 8548 1848 10372 4585 7313 6536 6379 1766 9462 2456 5606 9975
11 8204 10593 7935 3636 3882 394 5968 8561 2395 7289 9267 9978
12 7795 74 1633 9542 6867 7352 6417 7568 10623 725 2531 9115

13 7151 2482 4260 5003 10105 7419 9203 6691 8798 2092 8263 3755
14 3600 570 4527 200 9718 6771 1995 8802 5446 768 1103 6520

15 6304 7621
16 6498 9209
17 7293 6786
18 5950 1708
19 8521 1793
206174 7854
2197731190
229517 10268
2321819349
24 1949 5560
25 1556 555
26 8600 3827
27 5072 1057
287928 3542
29 3226 3762
07045 2420
1 9645 2641
22774 2452
35331 2031
4 9400 7503
51850 2338
6 10456 9774
7 1692 9276
8 10037 4038
9 3964 338
10 2640 5087
11 858 3473
12 5582 5683
13 9523 916
14 4107 1559
15 4506 3491
16 8191 4182
17 10192 6157
18 5668 3305
19 3449 1540

20 4766 2697
21 4069 6675
22 11171018
23 5619 3085
24 8483 8400
25 8255 394
26 6338 5042
27 6174 5119
28 7203 1989
2917815174
0 1464 3559
13376 4214
2723867

3 10595 8831
4 12216513
55300 4652
6 1429 9749
77878 5131
8443510284
9 6331 5507
10 6662 4941
119614 10238
12 8400 8025
13 9156 5630
14 7067 8678
159027 3415
16 1690 3866
17 2854 8469
18 6206 630
19 363 5453
2041257008
21 1612 6702
22 9069 9226
23 5767 4060
24 3743 9237
257018 5572
26 8892 4536
27 853 6064
28 8069 5893
29 2051 2885
0 10691 3153
1 3602 4055
23281717
322199289
41938 7898
5617 206

6 8544 1374
7 10676 3240
86672 9489
93170 7457

107868 §731
116121 10732
124843 9132
13 580 9591
14 6267 9260
15 3009 2268
16195 2419
17 8016 1557
18 1516 9195
19 8062 9064
20 2085 8968
217537326
226291 3833
232614 7844
24 2303 646
252075611
26 4687 362
27 8684 9940
28 4830 2065
297038 1363
01769 7837
13801 1689
210070 2359
3 3667 9918
4 1914 6920
54244 5669
6 10245 781
7 7648 3944
83310 5488
9 6346 9666
107088 6122
111291 7827
12 10592 8945
133609 7120
14 9168 9112
156203 8052
16 3330 2895
17 4264 10563
18 10556 6496
19 8807 7645
20 1999 4530
219202 6818
223403 1734
23 2106 9023
24 6881 3883
253895 2171
26 4062 6424
27 3755 9536
28 4683 2131

29 7347 8027
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Table A.5: Rate 9/10 (Nyg,, = 64 800)
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0 5611 2563 2900
15220 3143 4813
22481 834 81

3 6265 4064 4265
4 1055 2914 5638
51734 2182 3315
6 3342 5678 2246
7 2185 552 3385

8 2615 236 5334

9 1546 1755 3846
10 4154 5561 3142
11 4382 2957 5400
12 1209 5329 3179
13 1421 3528 6063
14 1480 1072 5398
153843 1777 4369
16 1334 2145 4163
17 2368 5055 260
06118 5405
12894 4370

2 3405 1669

3 4640 5550

4 1354 3921
51171713

6 5425 2866

7 6047 683

8 5616 2582
92108 1179
10933 4921

11 5953 2261

12 1430 4699

13 5905 480

14 4289 1846
155374 6208

16 1775 3476

17 3216 2178
0 4165 884
12896 3744
2 874 2801

3 3423 5579
4 3404 3552
52876 5515
6516 1719

7 7653631

8 5059 1441
9 5629 598
10 5405 473
11 4724 5210
12 155 1832
13 1689 2229
14 449 1164
152308 3088
16 1122 669
17 2268 5758
05878 2609
1782 3359
212314221
3 4225 2052
4 4286 3517
55531 3184
6 1935 4560
7174131
83115956
93129 1088
10 5238 4440
11 5722 4280
12 3540 375
13 191 2782
14 906 4432
1532251111

16 6296 2583
17 1457 903
0855 4475
14097 3970
24433 4361
35198 541

4 1146 4426
53202 2902
62724 525
71083 4124
8 2326 6003
9 5605 5990
10 4376 1579
114407 984
12 1332 6163
13 5359 3975
14 1907 1854
15 3601 5748
16 6056 3266
17 3322 4085
0 1768 3244
12149 144

2 1588 4291
35154 1252
4 1855 5939
5 4820 2706
6 1475 3360
7 4266 693

8 4156 2018
92103732
10 3710 3853
115123 931
12 6146 3323
13 1939 5002
14 5140 1437

151263 293
16 5849 4665
17 4548 6380
03171 4690
15204 2114
2 6384 5565
357221757
4 2805 6264
51202 2616
61018 3244
7 4018 5289
8 2257 3067
92483 3073
10 1196 5329
11 649 3918
12 3791 4581
13 5028 3803
14 3119 3506
15477943
16 3888 5510
17 4387 4084
0 5836 1692
15126 1078
257216185
3 3540 2499
4 2225 6348
51044 1484
6 6323 4042
7 1313 5603
8 1303 3496
9 3516 3639
10 5161 2293
11 4682 3845
12 3045 643
13 2818 2616

14 3267 6498
156236 593
16 646 2948
17 4213 1442
05779 1596
12403 1237
22217 1514
35608 716

4 5155 3858
51517 1312
62554 3158
7 5280 2643
84990 1353
9 5648 1170
10 1152 4366
11 3561 5368
12 3581 1411
13 5647 4661
14 1542 5401
15 5078 2687
16 316 1755
17 3392 1991
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Annex B (normative):

Addresses of parity bit accumulators for Nldpc = 16 200

Table B.1: Rate 1/2 {Njgpc = 16 200)

20 712 2386 6354 4061 1062 5045 5158 55924 290
21 2543 5748 4822 2348 3089 6328 5876 6 1467 4049
22 926 5701 269 3693 2438 3190 3507 7 7820 2242
23 2802 4520 3577 5324 1091 4667 4449 8 4606 3080
24 5140 2003 1263 4742 6497 1185 6202 9 4633 7877
0 4046 6934 10 3884 6868
12855 66 11 8935 4996
2 6694 212 12 3028 764
334391158 13 5988 1057
4 3850 4422 14 7411 3450

Table B.2: Rate 2/3 (Njg,,. = 16 200)

0 2084 1613 1548 1286 1460 3196 4297 2481 3369 3451 4620 2622
1122 1516 3448 2880 1407 1847 3799 3529 373 971 4358 3108
2 259 3399 929 2650 864 3096 3833 107 5287 164 3125 2350
3342 3529

4 4198 2147

51880 4836

6 3864 4910

7 243 1542

83011 1436

g 2167 2512

10 4606 1003

112835 705

12 3426 2365

13 3848 2474

14 1360 1743

0 163 2536

12583 1180
21542 509
34418 1005
4 5212 5117
52155 2922
6 347 2696
7 226 4206
8 1560 487
9 3926 1640
10 149 2928
11 2364 563
12 635 688
132311684
14 1129 3894

Table B.3: Rate 3/4 (Njg,. = 16 200)

33198 478 4207 1481 1009 2616 1924 3437 554 683 1801
42681 2135
53107 4027
6 2637 3373
7 3830 3449
8 4129 2060
94184 2742
10 3946 1070
112239 984
0 1458 3031
13003 1328
211371718
3132 3725
41817 638
51774 3447
6 3632 1257
7 542 3694

8 1015 1945
91948412
10 995 2238
11 4141 1907
0 2480 3079
13021 1088
27131379
3997 3903
42323 3361
51110 986
62532 142

7 1690 2405
8 1298 1881
9615174

10 1648 3112
11 1415 2808
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Table B.4: Rate 4/5 (Njg,. = 16 200)
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5 896 1565 3 465 2552
6 2493 184 4 1038 2479
72123210 51383 343
87271339 694 236
9 3428 612 72619121
0 2663 1947 8 1497 2774
1230 2695 9 2116 1855
22025 2794 0722 1584
3 3039 283 12767 1881
4 862 2889 227011610
5376 2110 332831732
6 2034 2286 4 168 1099
7 951 2068 53074 243
8 3108 3542 6 3460 945
9 307 1421 72049 1746
022721197 8 566 1427
11800 3280 9 35451168
2 331 2308

Table B.5: Rate 5/6 (N, = 16 200)
3 2409 499 1481 908 559 716 1270 333 2508 2264 1702 2805 6 497 2228
4 2447 1926 7 2326 1579
54141224 0 2482 256
62114 842 11117 1261
7212573 2 1257 1658
02383 2112 31478 1225
1 2286 2348 4 2511 980
2545819 5 2320 2675
31264 143 6 4351278
4 1701 2258 7 228 503
5 964 166 0 1885 2369
6114 2413 157 483
7 2243 81 2 838 1050
0 1245 1581 31231 1990
1775169 4 1738 68
2 1696 1104 52392 951
3 1914 2831 6 163 645
4 532 1450 7 2644 1704
591974

Table B.6: Rate 8/9 (Nyq, = 16 200)

0 1558 712 805
11450 873 1337
21741 1129 1184
3 294 806 1566
4 482 605 923
0926 1578
17771374

2 608 151
31195210

4 1484 692
0427 488

1828 1124

2 874 1366
31500 835

4 1496 502
01006 1701
1115597

2 657 1403
31453 624
4 428 1495
0 809 385
1367 151
21323202
3960 318

4 1451 1039
01088 1722
11015 1428
21261 1564

3 544 1190
4 1472 1246
0508 630
1421 1704
2284 898
3392 577

4 1155 556
0631 1000
1732 1368
21328 329
3 1515 506
411041172
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Annex C (normative):
Input stream synchronizer

Delays and packet jitter introduced by DVB-C2 equipment may depend on the transmitted bit-rate and may change in
time during bit and/or code rate switching. The "Input Stream Synchronizer” (see figure C.1) shall provide a mechanism
to regenerate, in the receiver, the clock of the Transport Stream {or packetized Generic Stream) at the modulator Mode
Adapter input, in order to guarantee end-to-end constant bit rates and delays (see also figure C2, example receiver
implementation). Table C.1 gives the details of the coding of the ISSY field generated by the input stream synchronizer,

When ISS5Y1 =1 in MATYPE field (see clause 5.1.6) a counter shall be activated (22 bits), clocked by the modulator
sampling rate (frequency R=1/7, where T is defined in clause 10.). The Input Stream Synchronization field (ISSY, 2 or

3 bytes) shall be transmitted according to clause 5.1.7.
ISSY shall be coded according to table C.1, sending the following variables:

¢  [SCR (short: 15 bits; long: 22 bits) (ISCR = Input Stream Time Reference), loaded with the LSBs of the counter
content at the instant the relevant input packet is processed {at constant rate Ryy), and specifically the instant

the MSB of the relevant packet armives at the modulator input stream interface. In case of continuous streams
the content of the counter 1s loaded when the MSB of the Data Field 1s processed.

e BUFS (2410 bits) (BUFS = maximum size of the requested receiver buffer to compensate delay variations).
This variable indicates the size of the receiver buffer assumed by the modulator for the relevant PLP. It shall
have a maximum value of 2 Mbit. When a group of Data PLPs share a Common PLP, the sum of the buffer size
for any Data PLP in the group plus the buffer size for the Common PLP shall not exceed 2 Mbit. This field shall
not be transmitted in case of PLP bundling as the ISCR field is required in every BBFrame for sorting of the
input stream.

¢  BUFSTAT (2+10 bits) (BUFSTAT = actual status to reset the receiver buffer = number of filled bits). If
ISSYI=1, this variable shall be transmitted at least 5 times per second, replacing ISCR. This value can be used
to set the receiver buffer status during reception start-up procedure, and to verify normal functioning in steady
state. This field shall not be transmitted in case of PLP bundling as the ISCR field is required in every BBFrame
for sorting of the input stream.

Input Stream Synchroniser

Mod 2% R,
Counter ¢ UP Packetised
‘ ¢ Input Stream
BUFSTAT
15 or 22 LSBs+—
. § BUFS v
ISCR o i
X -
CKmn g i
NS >
Input ISSY (2 or 3 bytes)
Packets Insertion after Packet
(optional)

Figure C.1: Input stream synchronizer block diagram
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Table C.1: ISSY field coding (2 bytes or 3 bytes)

First Byte Second Byte Third Byte
Bit-7 (MSB) bit-6 bit-5 and bit4 [ bit-3 and bit-2 | bit-1 and bit-0 bit-7 to bit-0 bit-7 bit-0
0=I8CRy,,, [MSBof [next8 bits of ISCR,, . Next 8 bits of Not present
ISCR 0 ISCR 00
1 = 8 MSBs of ISCR,,, Next 8 bits of Next 8 bits of
ISCRygng ISCRgng ISCR gng
1 1 00 = BUFS BUFS unit 2 MSBs of BUFS Next 8 bits of Not present
00 = bits BUFS when ISCR; .
01 = Kbits is used; else
10 = Mbltg reserved for
11 = 8 Kbits future use
1 1 10 =BUFSTAT |BUFSTAT unit |2 MSBs of BUFSTAT |Next 8 bits of Not present
00 = bits BUFSTAT when ISCR,,
01 = Kbits is used; else
10 = Mbits reserved for
11 = BUFS/1 024 future use
1 1 Others = reserved |Reserved for Reserved for future  |Reserved for future [Not present
for future use future use use use when ISCR, .,
is used; else
reserved for
future use
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Annex D (normative):

Input Remultiplexing Subsystem: Splitting of input MPEG-2
Transport Streams into Data PLPs, generation of a
Common PLP of a group of PLPs and insertion of Null
Packets into Transport Streams

D.1 Overview

This annex defines a feature of the C2 System applicable in the case of transmission of multiple MPEG-2 Transport
Streams [i.1] in a configuration of a group of PLPs and an associated Common PLP. It includes the processing
(remuitiplexing) that shall be applied for transporting N (N = 2) MPEG-2 TSs (TS_1 to TS_N) over N+1 Data PLPs
(PLPI to PLPN+I)), one of which is the Common PLP (CPLP) of a group of PLPs, see figure D.1.

If this processing is not applied to a group of Transport Streams, there shall be no Common PLP for this group, and
each PLP of the group shall carry the input TS without modification. When several groups of PLPs are used to carry
TSs, each such group has its own independent extension functionality.

This annex also describes the processing that can be carried out by the receiver to reconstruct a single input TS from the
received Data PLP and its corresponding Common PLP.

TS1
TSn

h 4

TSout
DVB-C2 DVB-C2
TSm | modulator Demodulato DVB-C2 }——»

—» DVB-C2 » »
Re-MUX

TSm+p
—M

Figure D.1: Extended Re-multiplexing and Multiplexing Functionalities of DVB-C2

The extension consists on the network side conceptually of a remultiplexer and on the receiver side of a multiplexer.
In-between the remultiplexer and the multiplexer we have the C2 System, as described in other parts of the present
document. The inputs/outputs to the C2 System are syntactically correct TSs, each with unique transport_stream_ids,
containing all relevant layer 2 (L2) signalling information (i.e. PSI/SI - see [i.1] and [i.4]). The various input TSs may
have PSE/SI tables, or other L2 data, in common with other input TSs. When the extension is used the generated TSPS
(Transport Stream Partial Stream) and TSPSC (Transport Stream Parttal Stream Common) streams are however
typically not syntactically correct MPEG-2 TSs, but are still carried in the MPEG-packet format.

NOTE: The parallel TSs may only exist internally in equipment generating the DVB-C2 signal. The parallel TSs
may e.g. be generated from a single high bit rate TS source, or may alternatively be generated by
centrally-controlled parallel encoders, each producing a constant bit rate TS, with variable proportion of
Null Packets. The bit rates of the input TSs may be significantly higher than the capacity of the respective
PLPs, because of the existence of a certain proportion of Null Packets, which are removed by the DNP
procedure.

ETSI



100 ETSI EN 302 769 V1.2.1 (2011-04)

An input MPEG-2 TS shall be transported either:

*  inits entirety within a single PLP, in which case the TS does not belong to any group of PLPs (and there is no
Common PLP); or

. split into a TSPS stream, carried in a Data PLP, and a TSPSC stream, carried in the Common PLP. This annex
specifies the splitting and describes how the recombination of the output streams from a Data PLP and a
Common PLP can conceptually be achieved by the receiver to form the output TS.

D.2  Splitting of a group of input TSs into TSPSs streams
and a TSPSC stream

D.2.1 General

When a setof N TSs (TS_1, ..., TS_N, N > 2) are transmitted through a group of N+1 PLPs, one being the Common
PLP of a group, all TSs may have a different input bit rate, but shall carry all the data packets, which are intended to be
transmitted in a Common PLP. The data packets to be carried in the Common PLP are not necessarily co-timed.
However it is assumed that all TS in a group have been generated in the same Playout Centre and there may be a skew
between those TS concerning the timing of the signals, caused amongst others by different propagation delays on the
contribution links,

There are two steps of processing. In the first step TS packets, which shall be transmitted via the Common PLP shall be
replaced be Null Packets and in the second step additional Null Packet are inserted in order to reduce the buffering
requirements in the receivers.

Each TSPS shall have the same bit rate as the associated input TS and maintain the same time synchronization, The
TSPSC is an elementary stream with the same bit rate as the input TS it was extracted from. It contains data packets
common to all transport streams within the group of TSs in a certain Data Slice. TSPSC data shall not require time
synchronization with the associated TSPS data. The DVB Sl tables SDT or EIT shall not be transported via a Common
PLP, as a processing of those tables at table_ID level is not foreseen in DVB-C2,

NOTE: The input TSs may contain a certain proportion of Null Packets. The split operation will not introduce
further Null Packets into the TSPSs, Null packets will however be removed in the modulator and
reinserted in the demodulator in a transparent way, so that the C2 System will be transparent for the
TSPSs, despite Null Packets not being transmitted. Furthermore, the DNP and ISSY mechanism of the C2
System will ensure that time synchronization of the TSPSs and the TSPSC at the output of the
demodulator is maintained to a certain extent.

D.2.2 Extraction of the Common PLP from a group of TS

For the purpose of specifying the split operation the TS packets that may be transmitted in the Common PLP are
identified by one or several PIDs and fall into the following three categories:

I3 TS packets carrying any type of data, which does not require an exact time synchronization with other TS
packets carried in other PLPs of the related group of PLPs.

2) EPG data, e.g. based on Event Information Table {(EIT) format, but not using the 'actual’ and 'other’
mechanisms as specified in [i.4].

3) Conditional Access control data, e.g. Entitlement Management Messages (EMMs).

DVB-SI TS packets that may not be transmitted in the Commeon PLP, as this would require complex remultiplexing
functionalities, fall into the following two categories:

1) TS packets carrying Service Description Table (SD'T), i.e. with PID value of 0x0011.
2) TS packets carrying Event Information Table (EIT), i.e. with PID value of 0x0012.
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The TS packets targeted for transmission via the Common PLP shall be extracted from one input TS. If the input stream
carrying the Common PLP data is carrying also payload data which is targeted to go into a PLP, those TS packets of
that input stream, which were extracted to the Common PLP, shall be replaced by Null Packets (see figure D.2). AIl TS
packets of the other input TSs belonging to that group of PLPs are processed such that all TS packets with the P1D
associated to the Common PLP are replaced by Null Packets.

During the process of extraction of Common PLP data optionally components of that TS may be deleted by replacement
of the related data packets by Null Packets.

By processing one TS in parallel in two of the re-multiplexing lines and replacing complementary TS packets by Nutl
Packets a separation of one TS into two partial TSs, which are targeted to be transmitted via different PLPs (with
different level of robustness), can be achieved. This principle is also applicable if a split of one TS into more than two
partial streams is required.

Figure D.2 is simplified insofar as it does not show any Null Packets in the input TSs. In real input TSs these are of
course to be expected. The absence of these packets in the figures does however not in any way affect the general
applicability of the splitting/re-combining process, as described in this annex.

SDT EMM Audio Video ECM EMM
TS 11n

SDT Mull Packet Audio Video ECM Wull Packet
TSPS 1 out

Video Audio EMM EPG data EIT ECM
TS 2 in

Video Audio Null Packet Null Packet EIT ECM
TSPS 2 out
Null Packet Null Packet EMM EPG data Mull Packet Null Packet

TSPSC out (based on data from TS2)

Figure D.2: Example of generation of two TSPS and a TSPSC form two input TS

D.2.3 Insertion of additional Null Packets into TSPSs

TS packets that are not necessarily co-timed but identical on all input TSs of the group before the split shall be replaced
by Null Packets in the respective TSPS at the same time positions. Furthermore packets targeted to go into the common,
PLP may occur non equidistant in the input stream. If the data packets in the Common PLP do have a "bursty",
characteristics and the packets of the Common PLP and the relevant Data PLP are not co-timed, the required buffer size
in a receiver could be significantly increased due to the missing time correlation. The insertion of additional Null
Packets in the TSPS allows smoothing the characteristics of Null Packets and thus reducing the buffer requirement in
receivers.

The number of inserted Null Packets shall be chosen such that a receiver with a 2 Mbit buffer is able to perform the
multiplexing of Data PLP and Common PLP properly.

After insertion of Null Packets a PCR restamping has to be performed.

Figure D.3 gives an example of two Transport Streams where after extraction of Common PLP packets additional Null
Packets are inserted.
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SDT EMM Audio Video ECM EMM
TS 1

SDT Null' Packet Audio Video ECM Null Packet
TSPS 1

SDT | NullPacket | Audio [ NulkPatket Video ECM | Null Packet
TSPSS |

Video Audio EMM EPG data EIT ECM
TS2

Video Audio Null Packet Null Packet EIT ECM
TSPS 2

Video [MNUIIPatketY| Audio | Null Packet | Null Packet EIT ECM
TSPSS 2

Figure D.3: Example of insertion of Null Packets into two TS/ TSPS

D.3 Receiver Implementation Considerations

In view of the key role played by the transport stream as a physical interface in many existing and future receivers it is
strongly recommended that at least the core of the merging function as described in this annex is implemented in a
channel decoder silicon chip. In particular this applies to the generic merging function between TSPSC and TSPS to
form a transport stream for generic data as defined in clause D.2 illustrated in figure D.3.

The channel decoder implementations as defined above should ensure correct integration of many existing DVB system
hardware and software solutions for DVB with such channel decoders.

D.3.1 Recombination of TSPSS and TSPSC in a receiver

The receiver shall recreate the targeted TS by multiplexing the received synchronized partial Transport Stream (TSPSS)
with the received Common PLP Transport Stream {TSPSC). It shall replace any Null Packets which appear in the
received TSPSS, by.a packet from its Common PLP (TSPSC) buffer, unless this buffer is empty, see figure D.4. The
output signal of the DVB-C2 demodulator delivers the Partial Transport Stream (TSPS) and the Common PLP (TSPSC)
multiplexed together. Common PLP packets may be time shifted in relation to the modulator input signal and the
amount of additionally inserted Null Packets at the modulator will increase the out data rate of the complete multiplexed
output signal accordingly. However, after the PID filtering at the MPEG-Demultiplexer this headroom is removed
completely.
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Null Packet Null Packet EMM EPG data NullPacket Null Packet
TSPSC
Video |\NilLRacke)| Audio | NullPacket || NullPacket | EIT ECM
TSPSS 2
Video [RulliBackely| —Audio EMM EPG data EIT ECM

TSS 2 (identical with TS2, except the inserted stuffing Null Packets)

Figure D.4: Example of recombination of input TS from TSPSS and TSPSC
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Annex E (normative):
Calculation of the CRC word

The implementation of Cyclic Redundancy Check codes (CRC-codes) allows the detection of transmission errors at the
receiver side. For this purpose CRC words shall be included in the transmitted data. These CRC words shall be defined
by the result of the procedure described in this annex.

A CRC code is defined by a polynomial of degree »:

G,(x)=x"+g, ;X" +.. 4 gax? Fgx+l
with #21:
and: g; € {0,]}, i=l..n-1

The CRC calculation may be performed by means of a shift register containing # register stages, equivalent to the
degree of the polynomial (see figure E.1). The stages are denoted by &y... by, |, where by corresponds to 1, b, tox, b, to

x2,.., b, tox™!, The shift register is tapped by inserting XORs at the input of those stages, where the corresponding

coefficients g; of the polynomial are '1".
Data Input
! +

-ty
L

g1 92 9n- In-1

Voo vV

LSb bo bq bn-2 bp-1 MSb
Figure E.1: General CRC block diagram

At the beginning of the CRC-8 calculation (used for GFPS and TS, NM only and BBHeader), all register stage contents
are initialized to zeros.

At the beginning of the CRC-32 calculation, all register stage contents are initialized to ones,

After applying the first bit of the data block (MSB first) to the input, the shift clock causes the register to shift its
content by one stage towards the MSB stage (b,,_;), while loading the tapped stages with the result of the appropriate

XOR operations. The procedure is then repeated for each data bit. Following the shift after applying the Last Bit (LSB)
of the data block to the input, the shift register contains the CRC word which is then read out. Data and CRC word are
transmitted with MSB first.

The CRC codes used in the DVB-C2 system are based on the following polynomials:
o G =x P AP e e R e e ]
o G =x+x"+x0+x'+x7 41

The assignment of the polynomials to the respective applications is given in each clause.

NOTE: The CRC-32 coder defined in this annex is identical to the implicit encoder defined in EN 300 468 [i.4].
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Annex F (normative):
Bundling of PLPs

In addition to the basic operation mode (i.e. one or several PLPs are located in one Data Slice) the C2 System allows
spreading data of a single PLP connection over different Data Slices (PLP Bundling). As a result, the throughput rate
for a single PLP connection can be increased up to the overall throughput rate of the C2 System. This operation mode is
intended for advanced services that require throughput rates above the capacity of a single Data Slice

All data packets of a bundled PLP connection shall pass the same input processing block. Inserting the ISSY timestamp
in the mode adaptation block is mandatory for this operation mode in order to allow the correct reordering of the
packets from different Data Slices on the receiver side. At the output of the input processing block the BBFrames of the
bundled PLP are spread over the different Data Slices. Figure F.1 shows the block diagram for the PLP Bundling
operation mode.

Input FEC + PLP Header QAM
Processing Bit interleaver insartion Mapper
Data Tima +
PLPs e wee Slica == Frequency m—i
Builderm interleaver
FEC + PLP Header » QAM >
> Bit Interleaver > Ins&rucn Mapper
Input FEC + PLP Header OAM
PLPs Processing i g Bit Interlaaver nsertion Mapper
Data Time +
e nes Slice ~—p Frequency —»
Builder n Interteaver
Bundled Input FEC + PLP Header QAM
FLP » Processing P Bit Interleaver = Insertion » Mapper »
IFFT +
Frame Guard
e Builder nterval DAG
Insertion
Input FEGC + PLP Header QAM
Pracessing ~T* e interieaver Inserticn Mapper
Data Time +
PLPs e ree Slica  ~— Frequency —
Builder 0 Interieaver
N FEC + PLP Header QAM

Bit Interteaver [~  insertion ™ Mapper >

Pitot
insertion
L1 header ——» FEC —_—

L1 Header . Frequency
Insertion Repatition * Interteaver

FEC +
Lidata ——» Bit/Time —s
Interleaver

Figure F.1: Bundiling PLP - data of a single PLP is spread over different Data Slices

The bundling PLP operation mode mandates the usage of the FECFrame header for the Data Slices that contain packets
from the bundled PLP.

NOTE 1: As for the basic operation mode, Data Slices that include FECFrames from a bundled PLP might also
contain FECFrame packets of others PLPs,

NOTE 2: C2 receivers with a single 8 MHz reception tuner do not need to decode bundled PLPs. These C2
receivers will recognize bundled PLPs from the L1 part 2 signalling and will discard associated Data Slice
Packets.
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Annex G (informative):
Transport Stream regeneration and clock recovery using
ISCR

When the modulator operates in a mode that employs Null Packet Deletion, the receiver may regenerate the Transport
Stream by inserting, before each useful packet, DNP in the reception FIFO buffer. As shown in figure G.1, the
Transport Stream clock R'py may be recovered by means of a Phase Locked Loop (PLL). The recovered modulator

sampling rate R, may be used to clock a local counter (which by definitien runs synchronously with the input stream
synchronization counter of figure G.1)}. The PLL compares the local counter content with the transmitted ISCR of each
TS packet, and the phase difference may be used to adjust the R'py clock. In this way R'py remains constant, and the

reception FIFO buffer automatically compensates the chain delay variations, Since the reception FIFO buffer is not
self-balancing, the BUFSTAT and the BUFS information may be used to set its initial state.

As an alternative, when dynamic variations of the end-to-end delay and bit-rate may be acceptable by the source
decoders, the receiver buffer filling condition may be used to drive the PLL. In this case the reception buffer is
self-balancing (in steady state half the cells are filled), and the ISSY field may be omitted at the transmitting side.

R, Local
Coumter

PLL

e

75

Transmitted :

ISCR :

DI::IP ? ': R

i / \ ‘
o

_!‘\ Null Packet p———i—
Write T

Re-insertion
packets

Useful
packets

Figure G.1: Example receiver block diagram for Null Packet re-insertion
and Ryg clock recovery
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Annex H (informative):
Pilot patterns

This annex illustrates each of the scattered pilot patterns, showing the pattern of pilots at the low frequency edge of the
ensemble for the first a few symbols of a frame. There are two scattered pilot patterns, and each of them has four phases
to start with depending upon the frequency of the low frequency edge. Figures H.1 to H.4 shows the patterns in GI 1/64
case with four different phases. Figures H.5 to H.8 show the pilot patterns in GI 1/128 with four different phases.
Continual pilot carriers are not shown.

Carrer Index

Symbol  k mod D,D,

Index/ © [ 12 18 24 30 36 2 48
PRSI <@ 0.8.0.0.:.00000.:00000.: 0080000000 00008:00000:00000
Symbols| =~ ° : : i H ! . ;

1

L]

Data | 2
Symbols :
5

[

7

© Preamble pilot QL1/Data Continual pilots are not indicated
@ Edge piot @ Scattered piiot

Figure H.1: Scattered pilot pattern for GI 1/64 with the lower edge k mod D,D, = 0

Carrier Index
Symbol & mod D,D,
Index /

Preambl
Symbols

Data
Symbols

N k- O

@ Preamble pilot QUL1/Data Continual plots are not indicated
@Edge pilot @ Scattered pilot

Figure H.2: Scattered pilot pattern for GI 1/64 with the lower edge k mod D,D, =12
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il 18,9,9,0.0,0,0,0/0.0/0/0/0,0,0/6,0/0.0.0.0.06 [000.00000000000000000000
5 ooooooootooooooocooooooooo.ooooeiooo 9.00/0 0000000
ve *z1.:.:.:.@:.:.:.1oﬁototoiototoio‘:o oio:oto*o‘i’oio“’oiotoﬁo:oic‘:o‘:o ctoioﬁo@tqp:oi’oio‘:o:o o
[l /e's’sle’s'cin'a's'e’s! 'ala'nleleslnlel0/0'0'eln’e/ele'sT00'0/0’s /0 s s 0ln'nTe el0n’e
@ Preamble pilot OL1/Data Continual pilcts are not indicated
@ Edge pilot @ Scattered pilot

Figure H.3: Scattered pilot pattern for Gl 1/64 with the lower edge k mod D,D, = 24
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Carrier Index
Symbol & mod B,Dy
Index{ 36 42 18

@OOOOO@OOOOO@OOOOO@OOOOOOOOOOO@OOODO@DDUOOW

Preamble|
Symbols i :
|- OO0 & ! 0
0 a0 *o & o++*.+o+o"’o+o+o 30
1 OO “’o* otetel 04
++* +¢++
Data | 2 ooooo ++¢oo+
Symbols : +:+. :
s O o olele’
6 olalelelelo’elels o
Y. olete’e’ele’s’s +
& Preamble pilot OL1/Data Continual pilots are not indicated
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Figure H.4: Scattered pilot pattern for Gl 1/64 with the lower edge k mod DD, =36
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Figure H.5: Scattered pilot pattern for Gl 1/128 with the lower edge k mod Dny =0
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Figure H.6: Scattered pilot pattern for Gl 1/128 with the lower edge &k mod Dny =24
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Figure H.7: Scattered pilot pattern for Gl 1/128 with the lower edge k mod Dny =48
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Figure H.8: Scattered pilot pattern for Gl 1/128 with the lower edge k mod Dny =72
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ITU-T Recommendation J.183

Time-division multiplexing of multiple MPEG-2 transport streams over
cable television systems

Summary

This Recommendation describes a time-division multiplexing (TDM) format for transmission of
multiple MPEG-2 transport streams using a simple implementation on cable television systems. The
TDM frame encapsulates the MPEG-2 transport streams prior to transmission.

The format features interoperability with the existing conventional satellite transmodulation format,
which is designed based on the specification of Annex C/J.83 and Annex C/J.84 (SMATYV system
C(I11)).

This format may be applicable to other transmission systems. Information about the frame format
should be transmitted in the network information table simultaneously, when this format is

introduced into the existing digital cable television systems. It is needed for the set-top box to
identify the digital channel containing multiple MPEG-2 transport streams.

Source

ITU-T Recommendation J.183 was prepared by ITU-T Study Group 9 (2001-2004) and approved
under the WTSA Resolution 1 procedure on 9 March 2001.
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In some areas of information technology which fall within ITU-T's purview, the necessary standards are
prepared on a collaborative basis with ISO and IEC.

NOTE
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ITU-T Recommendation J.183

Time-division multiplexing of multiple MPEG-2 transport streams
over cable television systems

1 Scope

The scope of this Recommendation is the definition of a time-division multiplexing frame format to
adapt the multiple MPEG-2 transport streams into the existing physical layer interface specified in
Annex C/J.83. This format may be applicable to other transmission systems.

The frame aims to multiplex transport streams without change except that some of the service
information (SI) related to the network are replaced. By using this frame structure as an option to the
conventional digital transmission equipment, multiple transport streams can be multiplexed as they
are. The functionality of multiplexing transport streams into a single transport stream is not needed.

Implementation of this frame format enables the cable television operator to pack multiple transport
streams in a single channel. Also, the flexibility on operation of cable distribution network would be
obtained if the integration of services could be achieved by the transport stream basis.

This Recommendation provides the information needed by the designers and manufacturers of
equipment (including receivers) for digital multi-programme signals distributed by cable networks.

2 References

2.1 Normative references

The following ITU-T Recommendations and other references contain provisions which, through
reference in this text, constitute provisions of this Recommendation. At the time of publication, the
editions indicated were valid. All Recommendations and other references are subject to revision;
users of this Recommendation are therefore encouraged to investigate the possibility of applying the
most recent edition of the Recommendations and other references listed below. A list of the currently
valid ITU-T Recommendations is regularly published.

- ITU-T H.222.0 (2000) | ISO/IEC 13818-1:2000, Information technology — Generic coding
of moving pictures and associated audio information: systems.

ITU-T 1.83 (1997), Digital multi-programme systems for television, sound and data services
for cable distribution.

- ITU-T J.84 (1997), Distribution of digital multi-programme signals for television, sound and
data services thorough SMATV networks.

- ITU-T 1.94 (1998), Service information for digital broadcasting in cable television systems.

2.2 Informative references
- JCTEA STD-002-2.0, Multiplexing System for Digital Cable Television.
- JCTEA STD-007-1.0, BS digital compliant Digital Cable Television Receiver.
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3 Terms and definitions
This Recommendation defines the following terms:

3.1 MPEG-2: Refers to ISO/IEC 13818 (All parts). Systems coding is defined in
ITU-T H.222.0 | ISO/IEC 13818-1. Video coding is defined in ITU-T H.262 | ISO/IEC 13818-2.
Audio coding is defined in ISO/IEC 13818-3 and in ISO/IEC 13818-7.

3.2 network: A collection of MPEG-2 transport stream multiplexes transmitted on a single
delivery system, e.g., all digital channels on a specific cable system.

33 original network id: A label identifying the network id of the originating delivery system.

34 programme: A concatenation of one or more events under the control of a broadcaster, e.g.,
news show, entertainment show.

3.5 physical interface: The interface on a physical layer equipment for transmission.

3.6 reserved_for future use: The term "reserved for future use", when used in the clause

defining the coded bitstream, indicates that the value may be used in the future defined extensions.
All "reserved for future use" bits shall be set to "1".

3.7 set-top box: A hardware box that contains digital signal demodulator, de-multiplexer,
MPEG-2 decoder, other functionalities and interfaces related to digital signal reception and
presentation of the distributed programme at the subscriber's site.

3.8 transport stream (TS): A TS is a data structure defined in ITU-T H.222.0 |
ISO/IEC 13818-1.

3.9 transport_stream_id (TS_id): A unique identifier of a TS within an original network.

4 Abbreviations

This Recommendation uses the following abbreviations:

bslbf bit string, left bit first

CRC Cyclic Redundancy Check

rpchof remainder polynomial coefficients, highest order first
TS Transport Stream

TSMF Transport Streams Multiplexing Frame

uimsbf unsigned integer, most significant bit first

5 Multiple-TS transmission system

The proposed framing structure for a multiple-TS transmission system meets the following
requirements:

a) Multiple MPEG-2 transport streams should be transmitted over a digital carrier in
compliance with existing cable TV systems.

b) All packets of all MPEG-2 transport streams should be transmitted without any packet loss.

c) All transport streams received are in compliance with the specification of MPEG-2 systems.

d) The system should make effective use of cable TV channel capacity.

e) Delay time resulting from optional use of signal processing should not affect digital
broadcasting services.

f) The added cost of introduction of the optional facilities in a cable TV headend and the

receiver should be low.
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g) The system should support interoperability with conventional single transport stream
transmission systems for cable distribution.

5.1 Framing structure for multiple-TS transmission

The multiple-TS transmission system uses the frame structure shown in Table 1 to multiplex
MPEG-2 transport streams (TSs). The frame is called the transport streams multiplexing frame
(TSMF). The TS packets shall be assigned to slots in the TSMF. A slot is constituted from 188 bytes
of the same size as a TS packet, and the TSMF consists of N slots. The TSMF has a TSMF_header
in the first slot. In the TSMF header, information about multiplexing and de-multiplexing is
contained. By outputting this frame repeatedly, multiple TSs are transmitted.

Table 1/J.183 — TSMF structure

Syntax No. of bytes | Description

TSMF () {

TSMF _header() 188

for i=1;1<N;it++){

TS packet[i] 188

}

}
5.2 Physical interface and channel coding of the multiple-TS transmission system

Except for the framing block, channel coding is identical to that of the single-TS transmission
system (Figure 1) because the multiplexed signal by using the TSMF is a stream of TS packets. The
technology and standards specified for the physical interface of a single-TS transmission system, for
example, ITU-T J.83, can be applied.

Single TS
Multiple TSs (existing scheme)

5] [5] []  [55]
!

‘ Framing ‘ Common
physical
v v interface

Existing transmission
scheme

T0912520-01

Distribution over
cable TV networks

Figure 1/J.183 — System configuration for single TS and multiple TSs transmission

5.3 TSMF header structure

The TSMF header should be comprised of 188-byte data. The first byte of 0x47 is for packet
synchronization purpose, followed by 187 bytes of the following information:

- frame synchronization;
- MPEG-2 TS identification for each slot; and
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- others (e.g. version number, flag bit for emergency alert broadcasting).

Each of the MPEG-2 TSs, multiplexed in the TSMF, is uniquely distinguished by the TS
identification (TS id) and original network identification (original network id). Instead of directly
using the corresponding information between a slot number and TS id/original network id, the
relative TS number (relative TS number) is employed. The TS id/original network id of a TS,
which a TS packet in a slot belongs to, is resolved in two stages: the first is translation of slot
number to relative TS number, and the next is translation of relative TS number to
TS id/original network id. This method reduces the number of bits for the TS identification in the
TSMF header. The content of the TSMF _header is specified in Table 2 and below:

Table 2/J.183 — TSMF _header

Syntax No. of bits Description
TSMF _header() {
packet header() 32
TSMF sync 16 | bslbf
version_number Vv
slot_information() S
identifiers_information() 32*M | M=2"m-1
control_information() C | bslbf
relative_TS_information() m*(N-1)
private data 1424 -V-S-32*M-C-m*(N-1)
CRC 32 | rpchof
}

NOTE 1 — The semantic definition of the fields in the TSMF header is as follows:
TSMF_sync: This is a 16-bit field. Its value shall be determined by the system.

version_number: This V-bit field is the version number that indicates renewal of the area from the
slot_information to the control information in the TSMF_header. It shall be incremented by 1 when a change
occurs. When it reaches maximum value, it wraps around to 0.

private_data: This is a field whose syntax and semantics shall be defined by the system.

CRC: CRC (cyclic redundancy check) is added to detect any errors. As defined in ITU-T H.222.0, the value
of CRC has zero register output when 184 bytes of a TSMF_header, excluding the first 4 bytes, are input into
the register of a decoder.

NOTE 2 -V + S =8 * I}, where V is the number of bits for version number, S is the number of bits for
slot_information, and I; is an integer.

NOTE 3 = C =8 * I, where C is the number of bits for control information, and I, is an integer.
NOTE 4 — N is the number of slots in the TSMF, or the total length of the frame.
NOTE 5 — M is the maximum number of transport streams multiplexed in the TSMF.

5.3.1 Packet_header

The first 4 bytes of the TSMF _ header have a structure similar to the MPEG-2 TS packet header, as
shown in Table 3.
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Table 3/J.183 — Packet header

Syntax No. of bits Description
packet header() {
sync_byte 8 bslbf
'000' 3 bslbf
TSMF_header PID 13 uimsbf
'0001" 4 bslbf
continuity counter 4 uimsbf
}

NOTE - The semantic definition of the fields in packet header is as follows:
sync_byte: This is a fixed 8-bit field whose value is '0100 0111' (0x47).

TSMF _header_ PID: This is a 13-bit field whose value is set to a unique value other than the PIDs of TS
packets. The TSMF _header can be identified from other TS packets, as the value of TSMF_header PID is
unique.

continuity counter: The continuity counter is a 4-bit field incrementing with each TSMF _header. When the
value reaches '1111' (0x0f), it wraps around to 0.

5.3.2 TSMF_sync

The TSMF sync is used for frame synchronization. Using the TSMF sync and the
TSMF header PID together, frame synchronization is ensured. The value shall be defined by the
system.

5.3.3 Version_number

The version number indicates renewal of the TSMF header information. It shall be incremented
each time the TSMF header is renewed. The receiver may decode the TSMF header information only
when a change of information occurs. The use of version number and the area where information
renewal is examined are optionally defined by the system.

5.3.4 Slot_information

The slot information (see Table 4) shall include the TSMF format, and the indicator of the
availability of each relative TS number, and so on. The TSMF_format may indicate the maximum
number of TSs transmitted simultaneously and the number of slots in the TSMF. Each of the
availability for relative TS number shall be transmitted sequentially in order of the
relative_ TS number from 1 to M.

Table 4/J.183 — Slot_information

Syntax No. of bits | Description
slot_information() {
TSMF_format F bslbf
for(i=1;i<=M;it++) { M=2"m-1
availability for relative TS number][i] 1 bslbf
H
reserved for future use S-F-M
}

NOTE 1 - F is the number of bits of TSMF_format.
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NOTE 2 - M is the maximum number of transport streams multiplexed in the TSMF.
NOTE 3 - S is the number of bits of slot_information.
NOTE 4 - Semantic definition of the fields in the slot information is as follows:

TSMF_format: This is a V-bit field which indicates N and M. The value of N and M should be the same as
defined in Annex C/J.94.

availability_for_relative_TS_number[i]: This is a 1-bit field that represents availability of the TS labelled
by relative TS number i.

5.3.5 Identifiers_information

Table 5 shows the algorithm relating relative TS number and TS id/original network id.
TS id/original_network id shall be composed of 32-bit numbers and shall be arranged in order of
the relative TS number from 1 to M.

Table 5/J.183 — Identifiers_information

Syntax No. of bits | Description
identifiers_information(){
for(i=1;i<=M;it++) { M=2"m-1
TS id[i] 16 uimsbf
original network id[i] 16 uimsbf
h
}

NOTE 1 - The maximum number of TSs transmitted simultaneously, M, shall be indicated by the
'TSMF_format' as shown in Table 4.

NOTE 2 — The semantic definition of the fields in the identifiers information is as follows:
TS _id[i]: This is a 16-bit field that represents TS id of the TS labelled as relative TS number i.

original_network_id[i]: This is a 16-bit field that represents original network id of the TS labelled as
relative_ TS number 1.

5.3.6 Control information

The control information may be used to control set-top boxes, e.g. a flag for emergency alert
broadcasting. The encoding format shall be defined by the system. The number of bits for the control
information, "C", is defined in Table 2.

5.3.7 Relative TS number information

The relative TS number for each TS packet shall be transmitted sequentially in order of slot from 1
to (N — 1) as shown in Table 6. The number of slots in TSMF, N, shall be defined by the system.
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Table 6/J.183 — Relative TS_number_information

Syntax No. of bits Description
relative TS information(){
for i=1;i<N;it++) {
relative TS number([i] m uimsbf
}
}

NOTE1-Mis2"m-1.
NOTE 2 — Semantic definition of the fields in the relative TS number information is as follows:

relative_TS_numberl[i]: This is an m-bit field that represents the relative TS number of the i-th TS packet.

APPENDIX I

Table 1.1 shows parameters for the TSMF employed with the physical layer interface specified in
Annex C/J.83.

Table 1.1/J.183 — System parameters

Parameter Notation Value Remarks
The number of slots in the N 53 including TSMF_header
TSMF, or the total length of
the frame
The maximum number of M 15
transport streams
multiplexed in the TSMF
TSMF _sync reserved 3 bits
0x1a86 13 bits
version_number 3 bits (V=13)
slot_information 21 bits (S =21)
TSMF _type slot_allocation_type 1 bit
frame_typea) 4 bits
(F = 5)
control_information receive status 2 * M =30 bits
emergency indicator 1 bit
private data 85 bytes
¥ The "frame_type" in the TSMF_type should be included in the cable delivery system
descriptor of network information table (NIT) for the reception. The set-top box could
identify whether each channel on cable network is with the TSMF or not. The values of N
and M are identical to the definition in Annex C/J.94.
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[DRAFT REVISED] ITU-T RECOMMENDATION J.183

ITU-T Recommendation J.183

Time-division multiplexing of multiple MPEG-2 transport streams
over cable television systems

1 Scope

The scope of this Recommendation is the definition of a time-division multiplexing frame format to
adapt the multiple MPEG-2 transport streams, some of which exceeds the transmission rate per a
single channel, into the existing physical layer interface specified in Annex C/J.83. This format may
be applicable to other transmission systems.

The frame aims to multiplex transport streams without change except that some of the service
information (SI) related to the network are replaced. By using this frame structure as an option to
the conventional digital transmission equipment, multiple transport streams can be multiplexed as
they are. The functionality of multiplexing transport streams into a single transport stream is not
needed. Also, the expansion of the frame format, being compliant with the first version of J.183
(2001-03-09), can provide the additional functionality for high speed transmission scheme by
channel bonding technology.

Implementation of this-the first version of the frame format enables the cable television operator to
pack multiple transport streams in a single channel. And the second version of this frame format can

be additionally applied to high speed transport streams, such as UHDTYV signals, to be multiplexed
into multiple channels as well. In other words, the second version of J.183 maintains backward

compatibility with the first one. {Editor’s note: appropriate expression for “firstsecond version” - { #2&X: 8~
should be considered. }

Adse-tThe flexibility on operation of cable distribution network would be obtained if the integration
of services could be achieved by the transport stream basis.

This Recommendation provides the information needed by the designers and manufacturers of
equipment (including receivers) for digital multi-programme signals distributed by cable networks.

2 References

21 Normative references

The following ITU-T Recommendations and other references contain provisions which, through
reference in this text, constitute provisions of this Recommendation. At the time of publication, the
editions indicated were valid. All Recommendations and other references are subject to revision;
users of this Recommendation are therefore encouraged to investigate the possibility of applying the
most recent edition of the Recommendations and other references listed below. A list of the
currently valid ITU-T Recommendations is regularly published.

- ITU-T H.222.0 (2000) | ISO/IEC 13818-1:2000, Information technology — Generic coding
of moving pictures and associated audio information: systems.

- ITU-T J1.83 (1997), Digital multi-programme systems for television, sound and data
services for cable distribution.
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ITU-T J.84 (1997), Distribution of digital multi-programme signals for television, sound
and data services thorough SMATV networks.

ITU-T J.94 (1998), Service information for digital broadcasting in cable television systems.

Informative references
JCTEA STD-002-2.0, Multiplexing System for Digital Cable Television.
JCTEA STD-007-1.0, BS digital compliant Digital Cable Television Receiver.



_4-
TD 576 Rev.1 (GEN/9)

3 Terms and definitions
This Recommendation defines the following terms:

3.1 MPEG-2: Refers to ISO/IEC 13818 (All parts). Systems coding is defined in
ITU-T H.222.0 | ISO/IEC 13818-1. Video coding is defined in ITU-T H.262 | ISO/IEC 13818-2.
Audio coding is defined in ISO/IEC 13818-3 and in ISO/IEC 13818-7.

3.2 network: A collection of MPEG-2 transport stream multiplexes transmitted on a single
delivery system, e.g., all digital channels on a specific cable system.

3.3 original_network_id: A label identifying the network_id of the originating delivery
system.

34 programme: A concatenation of one or more events under the control of a broadcaster,
e.g., news show, entertainment show.

35 physical interface: The interface on a physical layer equipment for transmission.

3.6 reserved_for_future_use: The term "reserved for future use", when used in the clause
defining the coded bitstream, indicates that the value may be used in the future defined extensions.
All "reserved _for_future use" bits shall be set to "1".

3.7 set-top box: A hardware box that contains digital signal demodulator, de-multiplexer,
MPEG-2 decoder, other functionalities and interfaces related to digital signal reception and
presentation of the distributed programme at the subscriber's site.

3.8 transport stream (TS): A TS is a data structure defined in ITU-T H.222.0 |
ISO/IEC 13818-1.

3.9 transport_stream_id (TS_id): A unique identifier of a TS within an original network.

4 Abbreviations

This Recommendation uses the following abbreviations:

bslbf bit string, left bit first

CRC Cyclic Redundancy Check

rpchof remainder polynomial coefficients, highest order first
TS Transport Stream

TSMF Transport Streams Multiplexing Frame

uimsbf unsigned integer, most significant bit first

5 Multiple-TS transmission system

The proposed framing structure for a multiple-TS transmission system meets the following
requirements:

a) Multiple MPEG-2 transport streams should be transmitted over a digital carrier in
compliance with existing cable TV systems.

b) All packets of all MPEG-2 transport streams should be transmitted without any packet loss.

c) All transport streams received are in compliance with the specification of MPEG-2 systems.

d) The system should make effective use of cable TV channel capacity.
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Delay time resulting from optional use of signal processing should not affect digital
broadcasting services.

The added cost of introduction of the optional facilities in a cable TV headend and the
receiver should be low.
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g) The system should support interoperability with conventional single transport stream
transmission systems for cable distribution.

5.1 Framing structure for multiple-TS transmission

The multiple-TS transmission system uses the frame structure shown in Table 1 to multiplex
MPEG-2 transport streams (TSs). The frame is called the transport streams multiplexing frame
(TSMF). The TS packets shall be assigned to slots in the TSMF. A slot is constituted from 188
bytes of the same size as a TS packet, and the TSMF consists of N slots. The TSMF has a
TSMF _header in the first slot. In the TSMF _header, information about multiplexing and de-
multiplexing is contained. By outputting this frame repeatedly, multiple TSs are transmitted.

Table 1/3.183 — TSMF structure

Syntax No. of bytes | Description
TSMEF () {
TSMF_header() 188
for (i=1;1<N;it+){
TS packet([i] 188
}
}

5.2 Physical interface and channel coding of the multiple-TS transmission system

Except for the framing block, channel coding is identical to that of the single-TS transmission
system (Figure 1) because the multiplexed signal by using the TSMF is a stream of TS packets. The
technology and standards specified for the physical interface of a single-TS transmission system, for
example, ITU-T J.83, can be applied.

Single TS
Multiple TSs (existing scheme)
[1s | [1s] |15 | 1s |
Framing Common
physical
v v interface

Existing transmission
scheme

T0912520-01

Distribution over
cable TV networks

Figure 1/3.183 — System configuration for single TS and multiple TSs transmission

5.3 TSMF header structure

The TSMF_header should be comprised of 188-byte data. The first byte of 0x47 is for packet
synchronization purpose, followed by 187 bytes of the following information:

- frame synchronization;
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MPEG-2 TS identification for each slot; and
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- others (e.g. version number, flag bit for emergency alert broadcasting).

Each of the MPEG-2 TSs, multiplexed in the TSMF, is uniquely distinguished by the TS
identification (TS _id) and original network identification (original network id). Instead of directly
using the corresponding information between a slot number and TS_id/original network _id, the
relative TS number (relative TS number) is employed. The TS id/original network id of a TS,
which a TS_packet in a slot belongs to, is resolved in two stages: the first is translation of slot
number to relative_TS_number, and the next is translation of relative_TS_number to

TS id/original_network id. This method reduces the number of bits for the TS identification in the
TSMF _header. The content of the TSMF _header is specified in Table 2 and below:

Table 2/J.183 — TSMF_header

Syntax No. of bits Description
TSMF _header() {
packet _header() 32
TSMF _sync 16 | bslbf
version_number Vv
slot_information() S
identifiers_information() 32*M | M=2"m-1
control_information() C | bslbf
relative_TS_information() m*(N-1)
private_data 1424-V-S-32*M-C-m*(N-1)
CRC 32 | rpchof
!

NOTE 1 — The semantic definition of the fields in the TSMF header is as follows:
TSMF_sync: This is a 16-bit field. Its value shall be determined by the system.

version_number: This V-bit field is the version number that indicates renewal of the area from the
slot_information to the control_information in the TSMF _header. It shall be incremented by 1 when
a change occurs. When it reaches maximum value, it wraps around to 0.

private_data: This is a field whose syntax and semantics shall be defined by the system.

CRC: CRC (cyclic redundancy check) is added to detect any errors. As defined in ITU-T H.222.0,
the value of CRC has zero register output when 184 bytes of a TSMF _header, excluding the first
4 bytes, are input into the register of a decoder.

NOTE 2 - V + S =8 * [}, where V is the number of bits for version_number, S is the number of bits
for slot_information, and I, is an integer.

NOTE 3 - C =8 * I, where C is the number of bits for control_information, and I, is an integer.
NOTE 4 — N is the number of slots in the TSMF, or the total length of the frame.

NOTE 5 — M is the maximum number of transport streams multiplexed in the TSMF.

5.3.1 Packet_header

The first 4 bytes of the TSMF _ header have a structure similar to the MPEG-2 TS packet header, as
shown in Table 3.
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Table 3/J.183 — Packet_header

Syntax No. of bits | Description
packet header() {
sync_byte 8 bslbf
'000' 3 bslbf
TSMF_header PID 13 uimsbf
'0001"' 4 bslbf
continuity counter 4 uimsbf
!

NOTE — The semantic definition of the fields in packet header is as follows:

sync_byte: This is a fixed 8-bit field whose value is '0100 0111' (0x47).

TSMF_header_PID: This is a 13-bit field whose value is set to a unique value other than the PIDs
of TS packets. The TSMF_header can be identified from other TS packets, as the value of

TSMF _header PID is unique.

continuity_counter: The continuity counter is a 4-bit field incrementing with each TSMF_header.
When the value reaches '1111' (0x0f), it wraps around to 0.

5.3.2 TSMF_sync

The TSMF _sync is used for frame synchronization. Using the TSMF_sync and the
TSMF _header PID together, frame synchronization is ensured. The value shall be defined by the
system.

5.3.3  Version_number

The version_number indicates renewal of the TSMF_header information. It shall be incremented
each time the TSMF header is renewed. The receiver may decode the TSMF header information
only when a change of information occurs. The use of version number and the area where
information renewal is examined are optionally defined by the system.

5.3.4 Slot_information

The slot_information (see Table 4) shall include the TSMF_format, and the indicator of the
availability of each relative_ TS number, and so on. The TSMF_format may indicate the maximum
number of TSs transmitted simultaneously and the number of slots in the TSMF. Each of the
availability for relative TS number shall be transmitted sequentially in order of the
relative_ TS number from 1 to M.

Table 4/J.183 — Slot_information

Syntax No. of bits Description
slot_information() {
TSMF_format F bslbf
for (i=1;i<=M; it+) { M=2"m-1
availability for relative TS number][i] 1 bslbf
}
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}

reserved for future use ‘ S-F-M

NOTE 1 - F is the number of bits of TSMF_format.
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NOTE 2 — M is the maximum number of transport streams multiplexed in the TSMF.
NOTE 3 - S is the number of bits of slot_information.
NOTE 4 — Semantic definition of the fields in the slot information is as follows:

TSMF_format: This is a V-bit field which indicates N and M. The value of N and M should be the
same as defined in Annex C/J.94.

availability_for_relative_TS_number[i]: This is a 1-bit field that represents availability of the TS
labelled by relative_ TS number i.

5.3.5 Identifiers_information

Table 5 shows the algorithm relating relative TS number and TS_id/original network id.
TS_id/original network id shall be composed of 32-bit numbers and shall be arranged in order of
the relative TS number from 1 to M.

Table 5/J.183 — Identifiers_information

Syntax No. of bits | Description
identifiers_information(){
for(i=1;i<=M;i++) { M=2"m-1
TS id[i] 16 uimsbf
original_network id[i] 16 uimsbf
}
}

NOTE 1 — The maximum number of TSs transmitted simultaneously, M, shall be indicated by the
'"TSMF_format' as shown in Table 4.

NOTE 2 — The semantic definition of the fields in the identifiers information is as follows:
TS_id[i]: This is a 16-bit field that represents TS_id of the TS labelled as relative TS number i.

original_network_id[i]: This is a 16-bit field that represents original_network id of the TS labelled
as relative_ TS number i.

5.3.6 Control information

The control information may be used to control set-top boxes, e.g. a flag for emergency alert
broadcasting. The encoding format shall be defined by the system. The number of bits for the
control information, "C", is defined in Table 2.

5.3.7 Relative TS number information

The relative_ TS number for each TS packet shall be transmitted sequentially in order of slot from
1 to (N — 1) as shown in Table 6. The number of slots in TSMF, N, shall be defined by the system.
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Table 6/J.183 — Relative TS_number_information

}
}

Syntax No. of bits Description
relative_TS_information(){
for (i=1;i<N;it++) {
relative_TS_numberf[i] m uimsbf

NOTE1-Mis2"m-1.

NOTE 2 — Semantic definition of the fields in the relative TS number information is as follows:

relative_TS_number[i]: This is an m-bit field that represents the relative TS number of the i-th

TS packet.
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Annex A for-disital-multi-programme - System-A
(For further study)

(For further study)

Annex C Extended format of TSMF for System C of J.83

(This annex forms an integral part of this Recommendation)

C.l1 Introduction

This annex describes the extension format of existing TSMF structure in order to adapt atarge

eapaeity of MPEG-2 transport streams, such as an UHDTYV signals including a large capacity of

transport stream, to be divided into the multiple channel physical layer interfaces specified in

Annex C/].83. The extendedExtended TSMF is designed for channel bonding technology. It is
backward compatible with the first version of TSMF, J.183 (2001-03-09). This technology will

support cable TV transmission system to distribute relatively-large sized contents with multiple

carriers while conventional system having HDTV channels in the same physical layer specification.

C.2 Concept

Figure C.1 overviews the channel bonding technology. The large capacity of MPEG-2 TS is divided

at the cable TV headend and multiplexed into time division multiplexing (TDM) frames that are

described as "Super Frames" in the following section. Each of the frames is transmitted by a 64

QAM or 256 QAM signal. Each of the QAM channels can be allocated to any frequency. The signal

of each channel is separately demodulated and all of the demodulated signals are restored to the
original MPEG-2 TS of UHDTV at a receiver.

The channels carrying UHDTYV service and those for existing broadcasting services are confirmed

not to disturb each other. As 256 QAM offers transmission capacity larger than 64 QAM, the

former is preferable to transmit UHDTYV signals. However, 256 QAM is less robust against any
kind of noise and distortion than 64 QAM.

REE LI
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Figure C.1 Overview of channel bonding technology.
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Figure C.2 shows an example of the combination of one 64 QAM and four 256 QAM channels used

for a single UHDTYV transmission. In this figure, a UHDTYV signal occupies four 256 QAM
channels and a part of 64 QAM channel. It is noted that another program such as a HDTV may be

transmitted with the use of the remained capacity of the 64 QAM channel. Any combination of

QAM scheme among the relevant multi carriers group should be allowed for cable TV operation.

Since the bitrates transmitted by 64 and 256 QAMs are different, e-TSMF is required for bonding

channels with different bitrates.

UHDTV

Low CNR

'.W Frequency

256 QAM 256 QAM 256 QAM 256 QAM 64 QAM

Figure C.2 Multiple channels used for UHDTV transmission.

Figure C.3 shows an example of a TS transmitted by one 64 QAM and two 256 QAM signals by

using extendedExtended TSMF format. Channel coding is identical to that of the single-TS

t

T

is a stream of TS packets.

2%

|

Stream divided for multiple channels

d

! ™~

’ Extended TSMF ‘ ’ Extended TSMF ‘ ’ Extended TSMF ‘

TDM output

Roll-off filtering

RF physical IIF

J.83 interface for single TS

Roll-off filtering

RF physical IIF

J.83 interface for single TS

Roll-off filtering

RF physical I/IF

J.83 interface for single TS

ansmission system because the stream divided for multiple channels by using the Extended TSMF

Figure C.3 Example of a TS carried by one 64 QAM and two 256 QAM signals

by using extendedExtended TSMF format.
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C.3 Super frame

Figure C.4 outlines the structure of the super frame. The number of TSMFSs in a super frame is
determined to make the periods of super frames identical regardless of the modulation format.

> = > = > =
64 8 (2] g %) 8 (%)
o< 52slots a =< 52 slots a < 52slots
QA M T R
}
1 super frame 1

NS L
JINSL
JNSL
JNSL

256 3
52 slots 52 slots 52 slots 52 slots
QAM | | |

Figure C.4 Structure of super-frame for 64 QAM and 256 QAM.

A super frame for a 64 QAM has three TSMFs and that for a 256 QAM has four TSMFs according
to the bit-rate ratio. The modulation scheme of either channel, 64 QAM or 256 QAM, is determined
depending on the transmission characteristics of the channel.

At the receiver, the arrival time of transmitted signals may differ depending on the propagation
delay in each channel. A receiver has to temporally align all relevant signals demodulated from
received carriers. The TSMF_header of the first TSMF in every super frame is utilized as a marker

to synchronize received signals.

In order to apply the TSMF structure for channel bonding technology., we define some of the
additional parameters in the private data of TSMF header in J.183.

Time
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C.4 Extended TSMFE

In order to define the extendedExtended TSMF for channel bonding functionality, additional
parameters are specified within the private data of TSMF header as shown in Table C.1:

Table C.1 TSMF and ExtendedExtended TSMF header

TSMFE _header Extended TSMF _header No.of bits Description
TSMF _header() { Extended TSMF_header() {
packet_header() the same as Table 3/J.183
TSMF_sync the same as Table 2/J.183
version_number the same as Table 2/J.183
slot_information() the same as Table 4/J.183
identifiers_information() the same as Table 5/J.183
control_information() the same as Table 2/J.183
relative_TS number_information() the same as Table 6/J.183
e auxiliary code information AC bslbf
The field ‘private data’ is replaced by | group_id 8 uimsbf
the field specified as shown in the . .
. ; number_of carriers 8 uimsbf
right column as the second version. -
. . i g = —‘
Before implementation, users should cartiel_sequence 8 uimsbf
confirm that conventional receiver is | number of frames 4 uimsbf
not affected by the additional o .
SR p 4
definition in this field. frame_position 4 uimsbf
for_fi NOTE2
It was defined as private data field in reserved_for_future_use See NO
the first version(2001-03-09).
CRC the same as Table 2/J.183

i H

NOTEI1 — The definition of specific fields in the Extended TSMF header is as follows:

auxiliary code information: This code information is used to provide auxiliary information for
cable TV subscribers, such as, earthquake early warning message in the specific region. The
number of bits for auxiliary code information, "AC", and its coding format shall be defined by the
system.

group_id: This is a 8-bit field which represents a unique identifier of a group corresponding to
bonding channels.

number of carriers: This is a 8-bit field which describes the number of carriers for channel
bonding in the same group id.

carrier_sequence: This is a 8-bit field which indicates the sequence number for channel bonding
among carriers with the same group id.

number_of frames: This is a 4-bit field which represents the number of Extended TSMF included
in the super frame. (ex. 0x03 for 64 QAM, 0x04 for 256 QAM in J.83 Annex C)

frame_position: This is a 4-bit field which represents the sequence number of multiple
Extended TSMFs in the super frame.
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NOTE2 — The value is {(No. of bits in private_data in Table 2/J.183) —AC—32}
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APPENDIX I

Table 1.1 shows parameters for the TSMF employed with the physical layer interface specified in
Annex C/J.83.

Table 1.1/3.183 — System parameters

Parameter Notation Value Remarks
The number of slots in the N 53 including TSMF_header
TSMF, or the total length of
the frame
The maximum number of M 15
transport streams
multiplexed in the TSMF
TSMF _sync reserved 3 bits
0x1a86 13 bits
version_number 3 bits (V =3)
slot_information 21 bits (S=21)
TSMF _type slot_allocation type 1 bit
frameitypea) 4 bits
F=5)
control_information receive_status 2 * M =30 bits
emergency_indicator 1 bit
private data 85 bytes
“ The "frame_type"in the TSMF_type should be included in the cable delivery system
descriptor of network information table (NIT) for the reception. The set-top box could
identify whether each channel on cable network is with the TSMF or not. The values of N
and M are identical to the definition in Annex C/J.94.
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Considering its importance of the study in time on UHDTYV distribution over cable networks in ITU-T,
Study Group 9 should start to study a new work item for seeking high speed transmission scheme,
which is easy to implement in operating cable TV facilities.

Two attachments are provided in this document for consideration to the initiation of the new work.

Attachment 1 contains working document with an overview of the system for seeking discussion
towards revision of Recommendation or development of a draft new Recommendation. Attachment 2
describes the results of performance evaluation tests of our proposed cable TV transmission system for
UHDTYV distribution.

Related ITU-T Recommendations and documents/publications to the work described in Attachment 1
and 2 are listed below for information.

ITU-T Recommendations

[1]
2]
[3]
[4]

Recommendation ITU-T H.222.0 (06/2012) | ISO/IEC 13818-1:2000, Information technology —
Generic coding of moving pictures and associated audio information: systems.

Recommendation ITU-T J.83 (12/2007), Digital multi-programme systems for television, sound
and data services for cable distribution.

Recommendation ITU-T J.94 (11/2008), Service information for digital broadcasting in cable
television systems

Recommendation ITU-T J.183 (03/2001), Time-division multiplexing of multiple MPEG-2
transport streams over cable television systems

Other documents and publications

[5]
[6]
[7]
[8]
[9]

"Proposed working document towards a preliminary draft new recommendation" ITU-R
BO.[UHDTV_TRANSMISSION], Document 4B/153, (Jun. 2014)

"An UHDTV Cable Television Distribution in Combinations of Multiple 64 and 256 QAM
Channels," IEEE ICCE2013 vol.2, pp.488-489, (Jan. 2013)

"UHDTYV (8K) Distribution Technology and Field Trial on Cable Television Networks", ITE Trans.
on MTA, 2, 1, pp.2-7, (Jan. 2014)

"Action for installation of UHDTV in Japan," ITU-R WP6C workshop, (Mar. 2014),
http://www.itu.int/oth/ROA07000035

"8K Super Hi-vision distribution technology for cable TV networks"(May, 2014)
http://www.nhk.or.jp/strl/open2014/tenji/tenji0S/index_e.html
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ATTACHMENT 1

WORKING DOCUMENT TOWARDS revision of existing recommendation or
development of a preliminary draft new Recommendation

1 Background

As shown in the document (4B/153) of ITU-R SG4, The UHDTYV satellite broadcasting system,
which has been developed in Japan, provides transmission capacity about 100 Mbps through a 34.5
MHz satellite transponder using 16 APSK with an inner coding rate 7/9 and achieves a 99.5%
service availability.

Our proposal is based on research activity considering that a cable TV channel is having difficulty
of carrying an UHDTYV broadcasting signal which is planned to be distributed via satellite in 2016.

2 Scope

The scope of Attachment 1 is an introduction of an extended format of J.183 time-division
multiplexing frame (TSMF") to adapt a large capacity of MPEG-2 transport stream, such as an
UHDTYV, to be divided into the multiple channel physical layer interfaces specified in Annex
C/].83. This format may be applicable to other transmission systems.

3 Overview of UHDTYV distribution by using multiple channels

Figure 1 overviews our developed channel bonding technology. The large capacity of MPEG-2 TS
is divided at the cable TV headend and multiplexed into time division multiplexing (TDM) frames
that are described as "Super Frames" in the following Section.

Cable TV _ ER - Subscriber ?‘—ii'g h
operator ~ * i.\‘ Cable television E
d5ed Mod. network Demod. *
. 256 QAM| 256 QAM>
UHDTY ) Divider L b2 "5 ami 5256 QAMb> UHDTV
and | Hoo QAM 5256 QAM>| Combiner
multlp]exer_)zsﬁ A L1256 QAMP>
> 64 QAM > 64 QAM 4-

256 QAM 64 QAM

Frequency

Fig. 1 Overview of channel bonding technology.

I TSMF (Transport Stream Multiplexing Frame) is defined in recommendation J.183.
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Each of the frames is transmitted by a 64 QAM or 256 QAM signal. Each of the QAM channels can
be allocated to any frequency. The signal of each channel is separately demodulated and all of the
demodulated signals are restored to the original MPEG-2 TS of UHDTYV at a receiver. UHDTV
distribution has to coexist with conventional FDM based digital broadcasting distribution on cable
television networks. The modulation schemes, 64 and 256 QAM, that the proposed method utilizes,
are already standardized for cable transmission. Then channels carrying UHDTYV service and those
for existing broadcasting services are confirmed not to disturb each other. As 256 QAM offers
transmission capacity larger than 64 QAM, the former is preferable to transmit UHDTYV signals.
However, 256 QAM is less robust against any kind of noise and distortion than 64 QAM. In most
cable facilities, transmission characteristics on channels are different and some channels may have a
low carrier-to-noise ratio (CNR). They can carry 64 QAM signals, but cannot carry 256 QAM
signals. Since the proposed method utilizes both of 64 and 256 QAMs, it makes efficient use of
cable channels.

UHDTV Loy GNR

-EW" Frequency

256 QAM 256 QAM 256 QAM 256 QAM 64 QAM
Fig. 2 Multiple channels used for UHDTYV transmission.

Fig. 2 shows an example of the combination of one 64 QAM and four 256 QAM channels used for
a single UHDTYV transmission. In this figure, a UHDTYV signal occupies four 256 QAM channels
and a part of 64 QAM channel. It is noted that another program such as a HDTV may be transmitted
with the use of the remained capacity of the 64 QAM channel. The bitrates transmitted by 64 and
256 QAMs are different. This causes a problem how the bonding channels of different bitrates. To
restore the UHDTYV signal from data streams of different bitrates, we introduce the Super Frame,
which is an large frame containing multiple TSMFs, described in the following section.
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Fig.3 shows an example of a TS transmitted by one 64 QAM and two 256 QAM signals

by using extended TSMF format. Channel coding is identical to that of the single-TS transmission
system because the stream divided for multiple channels by using the Extended TSMF is a stream
of TS packets. The specification for the physical interface of a single-TS transmission system, for
example, ITU-T J.83, can be applied as J.183(TSMF). The syntax of Extended TSMF is also

described in the following section.

[ MPEG-2 TS ]

U

Stream divided for multiple channels

v '

N

Extended TSMF Extended TSMF

Extended TSMF TDM output

| sync inv.&randomized |

| RS coding |

| conv. interleaver |
|

| byte to symbol |
|

| differential encoding |

| Rolloffiltering |

| 64 QAM |
I
| RF physical I/F |

J.83 interface for single TS - =

Fig. 3 Example of a TS carried by one 64 QAM and two 256 QAM signals

|sync inv.&randomized |

| RS coding |

| conv. interleaver |
|

| byte to symbol |
|

| differential encoding |

| Roll-offiltering |

| 2560am |
I
| RF physical I/F |

J.83 interface for single TS

| sync inv.&randomized |

| RS coding |

| conv. interleaver |
|

| byte to symbol |
|

| differential encoding |

| Roll-offfiltering |

| 2s60am |
I
| RF physical I/F |

J.83 interface for single TS

by using extended TSMF format.
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4  Proposal for Super Frames

At the cable TV headend, the implementation of framing structure of the transport streams
multiplexing frames (TSMF) of ITU-T J.183 enables cable TV operators to encapsulate multiple
MPEG-2 TSs into a single stream independently. TSMF adapts the stream into the physical layer
interface of existing cable TV modulator.

—

TSMF_ Header

Slot 1

Slot 2
53slots <

Slot 52

< 188 bytes >

Fig. 4 Framing structure of TSMF.

One of the examples of TSMF (see Appendix I of J.183) is composed of the 53 slots shown in Fig.
4. Each slot is 188 bytes long, which is the same length as a MPEG-2 TS packet. The information
identifying bundled MPEG-2 TS streams and other additional information are stored in the

TSMF header located in the first slot of TSMF. The maximum number of MPEG-2 TSs
multiplexed in the TSMF is 15.

Since the bitrate for 64 QAM is different from that for 256 QAM, the period to transmit a TSMF
frame differs for 64 QAM and 256 QAM, which is 2.73 msec for the former and 2.05 msec for the
latter since the symbol rate is 5.274 Mbaud when applied in J.83 Annex C. Therefore, it is
necessary to synchronize frames between demodulated signals at the receiver in combinations of
multiple 64 and 256 QAM channels. We propose a novel super frame consisting of multiple TSMFs
to use channel bonding technology in combinations of multiple 64 and 256 QAM channels.
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Fig. 5 outlines the structure of the super frame. The number of TSMFs in a super frame is
determined to make the periods of super frames identical regardless of the modulation format.

= = = = = =
64 |8 @ e ¥ o »n
2 = 52 slots 2= 52 slots 2= 52 slots
QA g™ g = g™
|
: super frame 1
1
- oy = = -
256
Z 52 slots 2 52 slots 2 2 s2slots z 52 slots
= = s = =
QA I'ﬁ I'ﬂ ] l'-rJ =

Time
Fig. 5 Structure of super-frame for 64 QAM and 256 QAM.

A super frame for a 64 QAM has three TSMFs and that for a 256 QAM has four TSMFs according
to the bit-rate ratio. The modulation scheme of either channel, 64 QAM or 256 QAM, is determined
depending on the transmission characteristics of the channel. At the receiver, the arrival time of
transmitted signals may differ depending on the propagation delay in each channel. A receiver has
to temporally align all relevant signals demodulated from received carriers. The TSMF _header of
the first TSMF in every super frame is utilized as a marker to synchronize received signals. The
maximum acceptable delay difference between channels is designed so that it is equal to the
minimum period of super frames, 8.2 msec, which corresponds to the duration of three TSMF
frames for 64 QAM and that of four TSMF frames for 256 QAM. After all signals have been
aligned, the receiver restores the split signals to the original MPEG-2 TS of UHDTV.

In order to apply the TSMF structure for channel bonding technology, we define some of the
additional parameters in the private_data of TSMF header in J.183.
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For channel bonding functionality, the following parameters (T.B.D.) should be newly defined to
have an extension of existing TSMF header as shown in Table 1:

Table 1 comparison of frame header between J.183 and the extension

TSMF _header (J.183) Extended TSMF _header (T.B.D.)
TSMF _header() { * the same as on the left
packet header() *
TSMF _sync *

version_number *

slot_information() *
identifiers_information() *
control _information() *

relative TS information() *

private_data group_id
number_of carriers
carrier_sequence
number of frames
frame position

CRC *

group_id: a unique identifier of a group corresponding to bonding channels.
number_of carriers: the number of carriers for channel bonding in the same group id.

carrier_sequence: the sequence number of carriers which contain Extended TSMF for channel
bonding to restore original TSs

number_of frames: the number of Extended TSMF in which the super frame contains in the
carrier. (ex. 0x03 for 64 QAM, 0x04 for 256 QAM in J.83 Annex C)

frame_position: the sequence number of Extended TSMF in the super frame
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5 Channel bonding cable delivery system descriptor

Additional descriptor, which will be located in NIT (Network Information Table), should be defined
for receivers to identify the physical layer specification of channel bonding in cable TV network.
Table 2 is a proposal of channel bonding cable delivery system descriptor.

Table 2 -channel bonding cable delivery system descriptor (T.B.D.)

Syntax No. of bits Identifier
channel bonding cable delivery system descriptor(){
descriptor tag 8 uimsbf
descriptor length 8 uimsbf
for(i=0;i<N;i++){
frequency 32 bslbf
reserved for future use 8
frame type 4 uimsbf
FEC_outer 4 bslbf
modulation 8 bslbf
symbol_rate 28 bslbf
FEC_inner 4 bslbf
group_id 8 bslbf
}
}
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Semantics for channel bonding cable delivery system descriptor
Below are the semantics extracted from Cable delivery system descriptor in J.94 Annex C.

The frame type is to be revised for use in channel bonding cable TV descriptor.

Table C.9/J.94 — Frame type (To be revised)

frg;:ngatlyope Description

0000 Reserved for future use

0001 (N, M) = (53, 15)”

0010 The waveform is limited for channel bonding use.

00110688 t0 1110 Reserved for future use

1111 None — indicates that the waveform does not use TSMF

Y The frame type (N, M) is (53,15) for Annex C. It might be determined for other
transmission systems.

FEC _outer: The FEC outer is a 4-bit field specifying the outer Forward Error Correction (FEC)
scheme used according to Table C.10.

Table C.10/J.94 — Outer FEC scheme

FEC _outer Description
bit 3210
0000 Not defined
0001 No outer FEC coding
0010 RS(204/188)
0011to 1111 Reserved for future use

modulation: This is an 8-bit field. It specifies the modulation scheme used on a cable delivery
system according to Table C.11.

Table C.11/J.94 — Modulation scheme for cable

Modulation Description
(hex)
0x00 Not defined
0x01 16-QAM
0x02 32-QAM
0x03 64-QAM
0x04 128-QAM
0x05 256-QAM
0x06 to OxFF Reserved for future use
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symbol rate: The symbol rate is a 28-bit field giving the 4-bit BCD values specifying 7 characters
of the symbol rate in Msymbol/s where the decimal point occurs after the third character
(e.g. 005.2740).

FEC _inner: The FEC inner is a 4-bit field specifying the inner FEC scheme used according to
Table C.12.

Table C.12/J.94 — Inner FEC scheme

FE.C_inner Description
bit 3210
0000 Not defined
0001 1/2 conv. code rate
0010 2/3 conv. code rate
0011 3/4 conv. code rate
0100 5/6 conv. code rate
0101 7/8 conv. code rate
1111 No conv. Coding
0110to 1110 Reserved for future use
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ATTACHMENT 2

Performance Evaluation of the proposed channel bonding transmission system

for UHDTY distribution

1 Experimental setup

In order to find out how well our proposed method of transmission works, we evaluated the bit error
rate (BER) and the functionality of multiple-channel bonding with our prototype. As shown in Fig.
6, a 181.2 Mbps MPEG-2 TS is transmitted with five channels, consisting of a 64 QAM and four

256 QAMs.

Headend

=51 256 QAM Mod. (chA) [

= 256 QAM Mod. (ch B) }7

Multiplexer —>‘ 256 QAM Mod. (ch C) |

f

— 256 QAM Mod. (ch D) }7

\/

> 64QAMMod. (chE) H Delay

I Cable television network I

Receiver

5 256 QAM demod.

i
->‘ 256 QAM demod. )—>
>l 256 QAM demod. P

> 256 QAM demod. [>

e
UHDTV g
MPEG-2 TS| | pivider 1|
9
9
.

Tuner (ch A)
Tuner (ch B)
‘ Tuner (ch C)
‘ Tuner (ch D)

AWGN
‘ Tuner (ch E)

Pl 64QAMdemod. P

Synchronization
and
combination

Fig. 6 Experimental setup(indoor test).

UHDTV
MPEG-2TS

| J BER

tester
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Table 3 summarizes the parameters of the transmitted signals. The input power at each tuner of the
prototype receiver is — 43.7 dBm. Additive white Gaussian noise (AWGN) was added to all the
channels. Fig. 7 is a photograph of the experimental setup for UHDTV transmission.

Table 3 Parameters of Transmitted Signals.

MPEG-2 TS rate 181.2 Mbps

Video coding for UHDTV(8K) | MPEG-4 AVC / H.264

Audio coding MPEG-2 AAC

Bandwidth per channel 6 MHz

Symbol rate 5.274 Mbaud

Bit rate per channel 256 QAM : 38.149 Mbps

w/o parity bits for FEC 64 QAM : 28.611 Mbps

No. of channels Four channels with 256 QAM
and a channel with 64 QAM

Center frequencies (MHz) 256 QAM: 267 MHz, 273 MHz
279 MHz and 285 MHz,
64 QAM: 291 MHz

Divider and
multiplexer

Fig. 7 Setup for UHDTV transmission.
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2 BER performance
The theoretical BER of 2" QAM with rotational symmetry and gray coding is calculated as:

CE P

where n is the number of bits per symbol, 6 is half the minimum distance between coded symbols,
and o 2 is the variance in AWGN. The BERyyprv, which is the BER of

BER =

a restored MPEG-2 TS at a receiver, is derived as:

B %

1 10 Nesam CNR g, 0am i 19 "™ CNRys60mm.i |°
BE _ 2 :erfc e = E erfc| —————— > 2
Ronorv { [ 42 64 170 @)

N64QAM +M256QAM 24 i=1 i=1

where Nesgam and Maseoam are the number of 64 QAM carriers and 256 QAM carriers,
respectively. CNResgam, 1 and CNRyssqam, 1 are the carrier to noise ratios (CNRs) of the i-th
channel of 64 QAM and 256 QAM, respectively.

Considering that the 256 QAM channel is less robust than 64 QAM, and the BER of each 256 QAM
is dominant degradation factor for the BER yppry at higher CNR, Eq. (2) is applied as the
theoretical BER yppry at a CNR of 28 dB or higher. Fig. 8 plots the measured BER of a large
capacity MPEG-2 signal for UHDTV. The transmitter and receiver were located with a back-to-
back connection. The required CNR is theoretically 30 dB for the BER of

2 x 10" before forward error correction (FEC) to achieve quasi-error free performance using Reed
Solomon (204,188) coding. The results demonstrate that the BER of 2 x 10 without FEC at the
CNR 0f 30.9 dB is measured and original MPEG-2 TS signal could be restored error free at the
CNR or higher at the receiver.
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Fig. 8 BER of UHDTV.
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3 Time Alignment between Channels

The functionality of adjusting delays between multiple channels was evaluated. An optical fiber was
applied to a 64 QAM channel transmission as a delay line at the headend as shown in Fig.6. The
delay time varies corresponding to the length of the fiber. For example,

the length of a 500-km long optical fiber caused a delay of 2.5 msec. The received CNR of the
signals was adjusted to a constant value of 31.5 dB, independently of the length of the fiber. Fig. 9
plots the BER of signals versus the delay time of a 64 QAM. The experimental

results indicated that the measured BERyppry was almost constant and our prototype receiver could
successfully compensate for delays and synchronize the super frames of multiple QAM carriers.

102

. 1073
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53]

“ 104 &—— e —® @ o—o—©
10'5 | | | | |
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Delay time (msec)

Fig. 9 BER of MPEG-2 TS versus delay time of 64 QAM.
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4  Field Trial for UHDTYV Cable Television Distribution (February 2012)

This section describes our first field trial for UHDTYV distribution with the schemes that were
developed through existing cable television distribution networks in Yamanashi prefecture, Japan.
The experiments were conducted in the hybrid fiber and coaxial (HFC) and the fiber to the home
(FTTH) networks as shown in Fig. 10. The specifications for the cable television facilities used in
the experiments are summarized in Table 4.

4 . 4 j ™
Headend . 3 Subscriber
iy
Coaxial cable
N . BER tester /
Channels for existing Optical Fibe; oE bty . - ester
cable television services [y [ B Receiver UHDTV display
Amplifier Branch
q {Two-way) )
h
Transmission | Optical | Coaxial | L ;
path fiber cable : =
(4)] 2.6km 0.9km _ [ =
slsllsls > @ 6.3 km 0.7km easurement sites
Ll <l <[] || <
o o OO || o>
b BB BB « FTTH
gy e AWGN
Optical fiber | AWGN |
1111 Optical fiber lkm Com P >@ Receiver H BER
Dividerand  [Satellite=>H 74km S o 4| tester
multiplexer  fhannels ¥ r N & con ) ol |
e =
UHDTVMPEG-2 EDFA
FTTH measurcmert site
Y TS ) S

Fig. 10 Experimental setup (Nihon Network Service co., Itd. ,Yamanashi prefecture, Japan).

Table 4 Specifications for Cable Television Facilities of NNS.

Transmission band HFC : 90 MHz-770 MHz
FTTH : 90 MHz-2.6 GHz

Location for experiment Yamanashi prefecture, Japan

The cable television operator's facilities have 53 channels and the occupied bandwidth is 6 MHz per
channel in the HFC network. The frequencies on the HFC network ranged from 90 MHz to 770
MHz and that of the FTTH network is from 90 MHz to 2.6 GHz. Eleven

satellite reception channels were added to the upper band of the UHF cable channels in the FTTH
distribution network to operate digital cable television services plus additional satellite master
television services. Table 5 lists the parameters applied to the transmitted signal in a field trial. We
carried out a 181.2 Mbps MPEG-2 TS transmission with five channels on

the HFC and FTTH networks. Five QAM carriers to transmit UHDTV were mixed at the cable
television headend. The signals were transmitted on the HFC and FTTH networks.

Fig. 11 shows the frequency spectrum for the transmission signals at the cable television headend.
The transmitted power of each QAM carrier for UHDTV transmission was the same as that of
existing cable television operator's channels.
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Table 5 Parameters for Transmitted Signal in Field Trial.

MPEG-2 TS rate 181.2 Mbps
Video coding for UHDTV(8K) MPEG-4 AVC / H.264
Audio coding MPEG-2 AAC
Bandwidth per channel 6 MHz
Symbol rate 5.274 Mbaud
Bit rate per channel 256 QAM : 38.149 Mbps
w/o parity bits for FEC 64 QAM : 28.611 Mbps
No. of channels Four channels with 256 QAM
and one channel with 64 QAM
Freq. of multiple QAM channels 256 QAM : 695 MHz, 701 MHz, 707 MHz,
(center frequency(MHz)) 713 MHz,
64 QAM : 719 MHz

UHDTV-Si

|

oo W bl M T L

I
RN

1-

| !?"’"';‘]"I‘f'i_,’g"'l‘\'\s‘d
Center : 475 MHz |Span : 680 MHz 10 dB / Div.

Fig. 11 FDM signals at headend of NNS.
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4.1 BER performance

We evaluated the BER of the UHDTYV signal transmitted with our prototype to confirm whether the
proposed method of transmission worked well in existing cable television networks. As AWGN was
added to all the channels at the front-end of the prototype receiver,

the quality of operational cable television signals for subscribers did not degrade during this
experiment. We measured the BER at three measurement sites. Two of them were located in the
HFC network and one site was chosen from the FTTH network.

Fig. 12 plots the BER without Reed Solomon (204,188) coding at the three measurement sites on
the HFC and FTTH networks. The average received CNRs of multiple QAM carriers, without any
additional AWGN, was more than 37 dB at each measurement site. The difference between the
required CNR for quasi-error-free performance and the average measured CNRs without AWGN
was 6 dB or higher. The results revealed that at least 6 dB was permissible for the CNR of the QAM
signals to degrade due to further cable distributions at the subscriber's premises. The experimental
results revealed that UHDTYV distribution with our developed scheme could be achieved on all
existing cable television networks having some noise and distortion on the transmission path.

102 -
—a— HFC (1)
10 \'*\‘Q HFC (2)
N 0 FTTH (3)
10 —®— Indoor experiment
% 105 . ! Theoretical BER
E |
g . i | Without
m 107 | AWGN
107 : -
; ! \
10 | }
:: :\,’I
109 * ! \

28 30 32 34 36 38
Average CNR of five carriers (dB)
Fig. 12 BER in cable television networks.
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4.2  Functionality of Multiple Channel Bonding

We also measured the BERs of five QAM channels separately to clarify that the functionality of
channel bonding did not degrade performance at the receiver. The average of five QAM channels'
BERs and measured BER with channel bonding are plotted in Fig. 13. The BER with the five
channels bonding was used to compare the average of the five QAM channels' BERs. The average
of five QAM channels' BERs was in good agreement with the measured BER with channel bonding
at the measurement site of HFC (1). This clearly indicates that the receiver could successfully
compensate for delays between multiple channels and synchronize the super frames of multiple
QAM carriers. And there is almost no loss in implementation caused by our channel bonding
scheme at CNRs of 28 dB or higher.

102 - —e— Average of five channels
; 4 With channel bonding
105 - O, =% Ch A (695 MHz)
— N %+ ChB (701 MHz)
N Ch C (707 MHz)
104 <

~ =+-ChD (713 MHz)
%XX""A"ChE(719MHz)

105 R

: b
@ , . z.
10 - 2 &;\{
F N \<\
107 MG
; S 3 ‘X
108 -

22 24 26 28 30 32 34 36 38
CNR (dB)

Fig. 13 BER vs. CNR.
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4.3 UHDTYV (8K) Distribution in NNS network

We also transmitted MPEG-2 TS carrying UHDTYV that was divided into a 64 QAM channel and
four 256 QAM channels on an HFC network. We demonstrated UHDTYV cable television
distribution that was stably played on the 85 inch LCD display with 22.2-multichannel sound at one
of the HFC reception sites (Fig. 14).
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5  Field Trial for UHDTV Cable Television Distribution (May 2014)

At an open house event of NHK Science and Technology Research Laboratories held in May 2014,
we demonstrated UHDTYV cable television distribution that was stably played on the 145-inch 8K
PDP display through a commercial large-scale cable network in Tokyo.

The trial was conducted in the hybrid fiber and coaxial (HFC) network as shown in Fig. 15. Table 6
lists the parameters applied to the transmitted signal of UHDTV. In total, one hundred four
channels ,including three channels carrying an UHDTYV signal, were frequency division multiplexed
and transmitted from the headend.

Headend

Downstream NHK STRL 145inch
89 channels Coaxial Cable
F Optlcal Flber UHDTV diplay

256QAM X 2 ch
Ampilfier Branch
+64QAM X 1ch (Two-way)

Downstream
Divider & Mux 12 channels

Optical fiber Coaxial cable
20 km 1km

*I

MPEG-2 TS
(UHDTV)

Fig. 15 Experimental setup (Jupiter Telecommunications Co., Ltd.,Tokyo , Japan).

Table 6 Parameters for Transmitted Signal.

MPEG-2 TS rate 100 Mbps

Video coding for UHDTV(8K) MPEG-4 AVC / H.264

Audio coding MPEG-2 AAC

Bandwidth per channel 6 MHz

Symbol rate 5.274 Mbaud

Bit rate per channel 256 QAM : 38.149 Mbps

w/0 parity bits for FEC 64 QAM : 28.611 Mbps

No. of channels Two channels with 256 QAM
and one channel with 64 QAM

Freq. of multiple QAM channels 256 QAM : 273 MHz, 447 MHz

(center frequency(MHz)) 64 QAM : 635 MHz
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5.1 Measurement results

Figure 16 shows the spectrum of FDM signals measured at reception site. Table 7 listed the CNR
and BER of three signals carrying UHDTYV in this trial. Because the required CNR is 25 dB for 64
QAM and 31.5 dB for 256 QAM before error correction (BER is around 10™) in our prototype
receiver. The received signals had enough margin of CNR to distribute more at subscribers site. As
shown in Fig.17, we successfully achieved UHDTYV transmission in large scale cable TV network in

Tokyo.

C43 Cce60 u40
273 MHz 447 MHz 635 MHz
256 QAM 256 QAM 64 QAM

|

{dBuv)

Center Freq. :475 MHz Span:680 MHz 10 dB/div.

90 iz [ 770 MHz

Fig. 16 FDM signals at reception site (NHK STRL).

Table 7 BER performance of three carriers before channel bonding.

Center Freq. Modulation CNR BER
[MHz] [dB] wlo FEC
273 256 QAM 37.0 dB 4x107’
447 256 QAM 36.0 dB 2x10°°
635 64 QAM 33.4 dB Below 10
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Fig. 17 Received UHDTYV signal on 145 inch 8K PDP display
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THH FEH 16APSK(7/9) 16APSK(7/9) TC8PSK
M 5= 16APSK(7/9) TC8PSK 16APSK(7/9)
B~ $2CHIE 5 EDUL —16dBLLF —13dB —15dBLLF

% 2.5-4 16APSK(9/10) D4k CHEFSESLANILE

THAH FEF 16APSK(9/10) | 16APSK(9/10) TCSPSK
BixBHE5 | 16APSK(9/10) TC8PSK 16APSK(9/10)
i B2CHIZ 24555 DU —10dB —8dB —15dBLLF

1) Pk X 2 L—F OEEED TR AL D A — MEFHEDNEVIREETH 0 | RS L
T, BLWSIFTORE EZ 2 Hivd,
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4) MEART T LT
HEANT N T DL /A X OFF (ICTHIE L7e o 7V Z L FIOR T,

gilent 16:31:48 Sep 25, 2014 R T # Agilent 17:43:14 Sep 25, 2014

R T [ Marker

#Atten 0 dB 1Selezct Mgrkez

#Atten @ dB

Normal

Delta Pair
(Tracking Ref)
f a

Span Pair
Center

#UBH 3 kHz

Copyright 2060-2009 Agilent Technologies

n 1§

#UBH 3 kHz St 1o
E251 16APSK(7/9) {8l DU H—16dB B 252 16APSK(7/9) _E{8IDU H—13dB
BS-17ch 16APSK(7/9), BS-19ch 16APSK(7/9) BS-17ch 16APSK(7/9), BS-19ch TC8PSK
# Agilent 18:45:45 Sep 25, 2014 R T i Agilent 19:11:22 Sep 25, 2614 R T

#Atten O dB #Atten 0 dB

B253 TC8PSK L1{8I DU tt—15dB B254 TC8PSK TalDU tk—15dB
BS-15ch TC8PSK, BS-17ch 16APSK(7/9) BS-17ch 16APSK(7/9), BS-19ch TC8PSK
s Agilent 16:41:53 Sep 25, 2614 R T 3 Agilent 17:00:53 Sep 25, 2014 R T

#Atten 0 dB #ftten O dB

388 kHz #BH 3 kHz &p 5 (60 _‘ 5 308 kHz #BK 3 kHz &p 5 (6@
E255 16APSK(9/10) _{8DU t—10dB E256 16APSK(9/10) T8I DU tt—16dB
BS-17ch 16APSK(9/10), BS-19ch 16APSK(9/10) BS-15ch 16APSK(9/10), BS-17ch 16APSK(9/10)

17



Agilent 17:19:12 Sep 25, 2014

R T BH/Rvg

Res BH
300.8 kHz
Man

Video BW

Autn

VBH/RBH
1.00068!

Man

Average

108

On 0ff
Avg/VBH Type

s |00 —Prir (Vicleo)¥
Futo Man

Span/RBH
166
#\B 2 < Auto Han
Copyright 2000-2009 Agilent Technologies

5257 16APSK(9/10) TAIDU tt—18dB
BS-15ch TC8PSK, BS-17ch 16APSK(9/10)

3 Agilent 17:52:27

18

Sep 25, 2014 R T

H 300 kHz # kHz 4 ”' o
E258 16APSK(9/10) il DU tt—8dB
BS-17ch 16APSK(9/10), BS-19ch TC8PSK

pt:



26 oML

ARFEBRTIE, ARERE TORIHD

E9ER

e

Z 16APSK {575 BER HIEIZ LV

Do

1) HEFRHEX
HERFXZX 2.6°1 1 T~T,
SG1 | 1216.36MH:z
e v
T6APSK | 140MHz 12GHZ | chygse 14omef o)y N
|i£1§§§m%§1 > u/c M o324 > restset [] U/CL [ BPF1
BS-17ch
|
DVB-AS| Ach 2 le e . [F%
BEREIE SR [€ c jélj//f; “a I/QiE A% 'ZT% ~
) (BS-17ch)
Bch@
Vector Signal RRTF1
Analyzer
26-1 16APSK {E5 0D REHFEDRIE RHR

2) HERR
HIERERI, B LToBIEE B opi#I2 £ 5 BER 7Y 16APSK OEA13RR Y FTIEFZIZIWTEE

PleT—7 ) —REEAHITE L., ZTOREREZK 2.6:2 BL O 2.6:3 [TRT,

16APSK(7/9) [ 5t 5t
0

R
I -
X & > \
% & .
& & \
B P .
B 10 N - — = HU4[EASDB-S)
L N e (VO
¥ 8 15 I v s BT —e—fia1soE
o1 e {90
=7
- & —o— T FI270E
75 20
(1: @D

-25

0.01 0.1 1 10
fE B IERIT R T B U kE BHEEE OFIC & 5 BREK ORI (~ A 7 n)

X262 16APSK(7/9) MDIR&H4E:

19



%261 16APSK(7/9)DIHEM UD Lt

GEFERFRI(us) | 0.01 [0.025) 0.05 | 008 | 0.1 | 02 | 03 | 05 1 5 10
{IFHOEE 0 -5 | -3 | -7 | -6 [-14|-13|-14 ]| -14 | -14 | -14
{I48180/E -1 -1 -4 | -5 | -6 | -13 | -15 | -14 | -14 | -14 | -14
IFH90E 0 -1 -4 | -6 | -7 | 13| -14|-14]-14] -14 | -14
3148270/ 0 -2 | -4 | -6 | -7 [ -13]| -14 | -14 | -14 ]| -14 | -14

7 1) BS—17ch (Fu0 8k - 1356.36MHz) THIEZTT 5,
1E2) ZEEE (EHE) OAL~UE 63dBuV,
7 3) ON thoRiElL, 18dB (727 7% 45em ¢ ORI HE) & Lz,

16APSK(9/10) 5 5t i
0 N
gi;f ;
HE s e
L i \\
% & N
B E A\
B P 5
BV N
» X N === HMEASDB-S)
vV o5 >
~ L ALABOE
=
v 15 o W e i kH180)
D 18 -2
£ B 0 e (AR QO
~ B .95
(Iﬁ D
-30
0.01 0.1 1 10

18 S EBNTX 2 YRR SRR O AT & 2 BRAE OBLER (<A 7 v )

X 2.6-3 16APSK(9/10) D5t

%£26-2 16APSK(9/10) MIFED UD t

SEREREM(ps) | 0010020025003 ]005[008] 01 ]02]03]05] 1 | 5|10
RIAE0RE 0|l o )| -6|-6]|-4]|-6|-81]-18|-17]-18|-18]-18]-18
148180 1| -2|-2|-3]-5|-6|-8]|-16]-19|-18]-18|-18|-18
fIAE90 0 | 3| -2]-3|-6]-7]-10]-17]-18|-18|-18|-18 | -18

£ 1) BS—17ch (Fh.0yE : 1356.36MHz) THIEZTT .
TE2) ZE3EE (EHZD) A L~UE 63dBuV,
1 3) ON e EIF.21dB (7T FH4860cm ¢ & LT T 8558 LT 3dBIE) & L~
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3) AHARDEL

16APSK O&5A1%, 0.5 usec LI EDOFHERFH O AL, Bl —7 U —L725 UD ik, i
CN & oA LI ECRE LT & 7r o7, FEFE, 16APSK(9/10) Tl UD & L ThE
19dB L7025, HELE LT, 16APSK(7/9) £(9/10) THEAADELTAHE I G E L 72 D,

4) AT N T WK

16APSK(7/9) (Z31F HHEAY b T LEGIL, / A XOFFIZCTHIE LYo 7 V& LU FIORTS

4 Aglent 14:37:00 Sep 24, 2014 R T

#ftten @ dB

#YBH 3 MHz
Channel Power Power Spectral Density

-39.22 dBm /34.5000 MHz -114.68 dBm/Hz

B26-1 {fH O EiE 0.5us,UD kb —14dB

3 Agilent 14:39:47 Sep 24, 2014 R T

#Atten @ dB

6 kH ) #VEH 3 MHz
Channel Power Power Spectral Density

-39.47 dBm /34.5800 MHz -114.85 dBm/Hz

B26-3 {itl 90 E B 05us,UD Ltk —14dB
- Agilent 14:41:38 Sep 24, 2614 R T

#Atten @ dB

#YBH 3 MHz

Channel Power Power Spectral Density

-39.32 dBm /34.5000 MHz -114.78 dBm/Hz

5264 {tH0E, EL0.1us,UD Lt —6dB

MHz

Channel Power Power Spectral Density

-39.30 dBm /34.5000 MHz -114.68 dBm/Hz

E26-2 {tH180 &, ;EIE0.5us,UD kb —14dB

# Agilent 14:44:06 Sep 24, 2014 R T

#Atten 6 dB

Channel Power Power $Spectral Density

-39.81 dBm /34.5000 MHz -114.38 dBm/Hz

5265 {itH 180 EEIE 0.1us,UD Lt —6dB
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Agilent 14:45:64 Sep 24, 2014 R T

#YBH 3 MHz 1p
Channel Power

-39.14 dBm /34.5000 MHz -114.51 dBm/Hz

526-6 {utH90 %, L 0.1us,UD bk —7dB

s Agilent 14:46:27 Sep 24, 2014 R T

#Atten § dB

Channel Power

-39.57 dBm /34.5000 MHz

Power Spectral Density

-114.95 dBm/Hz

5267 {tHO0E, EIE0.05us,UD L —3dB

# Agilent 14:47:52 Sep 24, 2014 R T

#fitten © dB

Channel Pover

-39.32 dBm /34.5080 MHz

Power Spectral Density

-114.78 dBm/Hz

5269 {HH90FE, EL0.05us,UD —4dB

Power Spectral Density

22

s Agilent 14:47:07 Sep 24, 2014 R T

Channel Power

-38.80 dBm /34.5000 MHz

Power Spectral Density

-114.18 dBm/Hz

B526-8 {utf 180 B 0.05us,UD L —4dB



27 HEBHERDELD

16APSK O IF /RS2 E 5D EREROME R A £ £ O TH 271 1T, ORI LUTEH

WEEMDFRE0E S 2T L RERE RS

2 ( EERHET L EY g UHaEY A7 AMCBT 58

fhrapt) o5 5 i IE%@FW%&WIEE*EXﬁ&%KE@'@‘%BZ%TE/‘J%H:J ) ORBRRER LY EE
%’*Eﬂf“ T LB g UHGEOREESHGE THOW SIS 16APSKIE S D IF A A /L—(E5 (FHGXEER)
ZAEB AT DAEIEZ RO D Z ENREL B LD,

$27-1 16APSK O IF /SRR JL—EREREEERDE L6

16APSK(7/9) 16APSK(9/10)
FrE CN kb
ARSI 2 L— & DI 12.3dB 16.2 dB
(BER 1 X 101 Tk S 2 L= O
ZAEE R L~YL 32 ~ 83dBuV 35 ~ 83dBuV
H—J05% DU bt 14 dB LN 19 dB LN
Bz 2 CHIE 5% | 16APSK L 0 O T4 —16dB LI F —10dB
DU TC8PSK L Y O T —13dB —8dB
TC8PSK ~D5-F-4 —15dBLLF —15dBLLTF
S5 UD b —15dB LN —19dB LN
PIEDSEEFER LY . 16APSK OAEH 0 1-12B1T 5 i BEAEL RET HDMENDH 5,

23




3. BifERAEEMEE & HERIRER

3.1 EBRA%E
S H 9H19H 9H24H 9H25H
S—— 2.1 HoXEEORHE: 2.2 AEHES CN LbReE 2.4 H—hE R
| 2.3 ZIE(EH L~V LaBH 2.6 SR 2.5 Bz CH #hE
ST« AABGEHES  BoSHEARFZEETN
3.2 EEERRH
SG3 1178MHz
;35-'Fh) ¥ 140MHz
| TC8PSK 15ch), BPF > =
{E5F 4283 D/C (140MHZ) i ﬂlml%% 2
S | 1178 MH
r SGZ 1254.72|\Z/IHZ
: \} BS-15ch
16APSK 140MH Elj%l%%g 140MH E_r% BS-19ch
RS Z IR0 s u/c oo | oS3l —%2 U/C2|BPF2 > a2 [ 3
BS-15ch mase |-
140MHz 12GHz& w B 140MHzZ
16APSK hifkaEs C/N A
E{EZERRR1 > u/Cc B | ozaL—%1 Testset —> U)/"Cl BPF1 BS-17¢ch
BS-17ch
SG1 1216.36MHz
_____________ VAL e oEml . ] ——] ——— s |
H| == Ba Iazx=<1E Al &2 a = oo
;/ P =| 4. = ?
BERAIFESS |e— EEE) <—r 2 i as <—ql)<— petall o hb:. €<—| E=iE8s 1
1
i i, IBS-IF
ISDB-S* 2 |= R ER =% i R (.ZW
(BEREITE) <€-== AT {E 5 F£ 4283

1) REERBR O, B~ /LT S22 L—F % [F 7S A 2 — BRI L CERBR A1 T2 9,

24



3.3 EERMHM—E

No E'l:l':% i@ﬁ: * uufé A “‘717“‘% FFH%%

1 | 16APSK 4525 — AR

2 16APSK =3 2EE(1EFS - AR

3 | kg 2 = 1—% 1 (BS—17ch) — NHK #4f

4 | kg 2 2 1L—% 2 (BS—15ch) - NHK #{E

5 CN 7ArEv b 3708A Hewlett-Packard

6 | UpCoverter 1(U/C1) DMO0104HA1 MITEQ

7 UpCoverter 2(U/C2) DMO104LA1 MITEQ

8 | DownCoverter (D/C) M20003LC Microwave

9 AT NT LT FZ7A4H 1(C/N HIE) E4446A Agilent Technology kg X = L—& 1 HHIE
10 | AT NTLTF T4 2 8560E Hewlett-Packard kRS X = L—4 2 IE
11 | I/ Q1&EFgs R&S FSV n—7 2 U AT FEAEH

12 | AR 193A HER

13 | XV MVEY2Lb—2a T o4 8981A Hewlett-Packard

14 | /0 RAER: R2312 7 RSV T AR

15 | [E5744 3 R&S SLG n—7 2T ISDB-S Z5ifilas « CW & L TfEH
16 | /LT /A I 2 L—H R&S BTC n—7 2T

17 | ISDB-S {5l LF990 Y —X— ISDB-S f5%® BER &
18 | \IET v T x—4 1 8496B Hewlett-Packard

19 | AIET v T R—HF 2 YPA-1008 ZPE) I

20 | RS 1 NSP1000-PFG-S MITEQ FI15 35dB

21 | HhiREs 2 NSP1000-PFG-S MITEQ FIt5 35dB

22 | 50/T5QA =& o A g XZM-57 N-R — DC~2GHz(BS-17ch 2 A 5.8dB)
23 | IRAE D-048-2 ET Industries 2 sylilds 2l

24 | BPF1 (BS—17ch) TEZ3-1356/78-S LORCH MICROWAVE

25 | BPF2 (BS—19ch) 7TEZ3-1395/78-S LORCH MICROWAVE

25




26 | BPF2 (BS—15ch) S5B121-1318/T60-0/0 SOGO

27 | BPF (140MHz) - NHK $fE

28 | SG1 E8257D Agilent Technology U/C1H

29 | SG2 E8257D Agilent Technology U/C2 H

30 | SG3 8648C Hewlett-Packard D/CH

31 | NU—RA—%1 E4419A Hewlett-Packard HkER s I 2 L—% 1 A
32 | NU—Rx—41 EMP-442A Hewlett-Packard kR I 2 L—% 2

26




1851 FTECN LkDEHAE

R E RS R EEINORASH0EY AT AR EAEHRREE (TEERBIET L EY a3 Ui
VAT DB D EAOSME 09D (RIS K OR Aok 2 B Heffitade )
p.549-550) (ZBWT FED X H IR SN TR Y . RO B LV FTECNEOR H 21T/~ 7,

{18%2-1 : FIEC /N DERE. FTEC/N OELAE

ARIB SHEFEBRIZIBWNTIE, 100 By hOT—XITHT 5580 By MEAFHAITH5Z & T, By
R RBER) ZHIE LT, C/N %EE/ 15 KI20.1dB A7~ 7 TBER ZHi%L, BER 230 (2
72o7-CIN%, =7 —7V—L LT, WEEKT LIz, £/-BER »IEFETHR/INOT—F 131077
BULEOGE, =T —7 Y —L725C/N IZHIETHBER & LT, 1108 -7z, Ziud,
10 7" BOBER THhiuTt > A BEHIS D fTREMDIEFIZ AW & TRRENA 72D, 11078 T
D FREENE W=D TH S,

29 LTELNC/NXBER et b M) 72— 1%, KA1 (@l) £7201% @2) ©&)
2T =X Tholz, ZIT, (@l TiHI08 BEOT—XNEFTETCWHDOT, =7—7IJ—C/ND
BER (21078 ZHfi> T3, (@2 TIE10 8 BOT—F BEIGTEX QWD T, =7 —7 1 —
C/N®BER 21078 #4fi>C\5, —J, S#EEOZVEFIT L (B 5ERLDPC OfAAH
HIHONWTIL, b) DEINT, T —F—T F—/URREDFERHNT /2 5 (1] 32APSK 1/3 72 8),

T LT 0, —fICFTEC /N OERIMHEDIS Z D%, BER=101 Zii7=39C/N
E% RO DVENRD D,

F T, ARFEFEFERICBW T, PLFICRRD FHEC L VATEC/N 2 RH 2 & Lin,

A
@ HIiEL
10°2- ? _ BER=0 #8154
oy (a2) Ltap (b)
1074
N
& 1051
106+
107 '|
10-- »
C/N[dB]

M Al-1 BRGT —F D/ F—

KA1-2 (T X o1z, C/IN OFWENGH3 mov 7 n (PLP2,P3) Zffvy, BER =101 |C
KIETHCINEZHETH &b, IMFEIToT2, EARMIZIE, P1~P2 MOARLE L UOP2~P3 D4
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BCOSEHEZ AL E L, P &tk b T AEMABER =10 11 L4559 5 4%4P4 & L, P4 (6hd
5C/IN ZPFTEC/N L L,

Z 2T, %MHDOCN, BER %, P1(CN1,BERy). P2(CNs,BER2). P3(CN3,BERs) . P4(CN4,101),
LB, FrEC/N Ik TRES,

5 C/N=CN,=2. log(10™") —log(BER,)
' § e A 4 —

2 CN.
log(BER,) —log(BER,) _1og(BER,)~log(BER,) T

CN, —-CN, CN,—-CN,
'y
@ ik
102+ O BER=0 ##ifl] 5
10-34 (a2)
1044
- ) P1
= 105
109+ P2
1071 \\
1084 Q P3
1094 -
« VHiF
10-10+ -
v
101 &) P4
i 2 C/N[dB]
C/N

E A1-2 F— % OHEIZ L HFTE C/N DEH,



{182 hizs a2 L—4%

kg I = L—% (BS—15ch BXUBS—17ch)DHARZA1F2.110, SMEIZ X211,
16APSKOFH{EHZ DWW TIIBS—17ch & HVWCHIE L, BS—15ch 1TBET v VT &
L CTHWz, BEIDOHRRIC DWW TR, 1EHiBEF®RS Bl EHIN RSt AT 2 ZB SR
3 ( THERET L ey a VY AT MIBET D HEASEM O 56 (R Emiok bk O
—RXHOEIC BT D EAISIE) p.654 ~ p.b59) EBMDZ L,

TR 2.1 hirgRs S 2 L—F 4Lk

o AR

BS15ch BS17ch
JRIFEJERREE 11856.00MHz 11894.36MHz
RF JEB 11996.00MHz 12034.36MHz

IF JEe 140MHz 140MHz

IF AJ1%E —10dBm —10dBm

S AT +14dBm +14dBm

IF HJ78ESH —10dBm —20dBm

TWTA /)& 40W 40W

IMUX HL s 11996.00MHz 12034.36MHz
OMUX HuL &R 11996.00MHz 12034.36MHz

BS-15ch BS-17ch
1321 iz 2 2 L—2 58]
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BMETUOINBESTRNED LR

W
it
*
N

BETORIVE CER26E7 B3 HE)
B —RARLEX BS. 110ECS 124/128FCS
[LH %2 = E L i s TR xA = FE SR A KO
FHEEMT 90-770MHz BS: 11.7-12.2GHz . 110CS: 12.2-12.75GHz 12.2-12.75GHz
ImE g 6MHz 34.5MHz 27MHz
xR UG ILERT UG ILERT UG ILERT
= - : Tt /22 7+BPSK, QPSK
: ZE %6 64QAM ,256QAM BPSK, QPSK, TC8PSK ’ ' PSK BPSK, 8PSK
% K7 Q Q Q 8PSK, 16APSK (32APSK) Q
Z I‘EE = = = = =
o || BHRL—F 5K #I30Mbps 5 K #952Mbps & K#9100Mbps 5K #34Mbps 5K #945Mbps
?_t (FEHEL—P) (64QAM) (TC8PSK, 2/3) (16APSK, 7/9) (QPSK, 3/4) (8PSK, 2/3)
BRYSTEAK 1L BABEAL or TC(2/3) LDPC BABEL LDPC
S b= I e Bl I Al b ittt bk
TR 55 5EHEIERS 5EHEIERS 5a#E{LBCH 5E#EIERS BCH
RISV TIVAR MULTI2 MULTI2 AES, Camellia MULTI2
“ Z2EELAR MPEG-2 TS MPEG-2 TS MPEG-2 TS, MMT-TLV MPEG-2 TS
%
0)< o . H.262 | MPEG-2, H.262 | MPEG-2,
A || BrEgEFESLEARK H.264 | MPEG—4 AVG H.262 | MPEG-2 H.265 | HEVC H.262 | MPEG-2 H.264 | MPEG—4 AVC,
= : H.265 | HEVC
MPEG2 AAC MPEG2 AAC
EES5E Y MPEG-2 AAC*7 MPEG-2 AAC ’ MPEG-2 AAC*7 ’
\ RS MPEG-4 AAC/ALS MPEG-4 AAC/ALS
X1 HE—IBHREOREICET AR AL THIESE2EE 2, X2 EETLESIVREEDSLTUAILBEICET DA EDELE AR EIE 28 R U E6ZEI4,
%3 FIFESEZIMRUVECEESM, X4 FIE6EF2E, X5 RE6EF4H, %6 EMNOETRSXEEKOERLIZERINANED, X7 MPEG-2 Audio BCHEFARIEE,

THBOARX BT OMBRRNFLEAR—MRBE AKX TERT HEICE>T H265FEEAARE,
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TORNERTLEDAVREAXDESR

<EBR—BEBEDOREICEHT IRMBEEEZEDLIET>

-3 #A
E-£E-EETS
[FOALERTUE SAVBE AR, B+ — KBS ARVENACRET HESISYBEREERT 2 HELS,

FE ABRBUERBEOXMELE

EIH TUOANARTLEDIVREARICEDIERTLEDaVMEFETOARBERIRICHRLIZHY

BTt—K¥=1H

AOAANVIYDLELOAANIVIETORRBEERT DARTLEDIVREF DI T OFILBEZEIT I8 DHE K
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BH TUOAMEDEREARE=R, FOUERFENT—FE—H(TOIBEOREAXE—+NEOFE—EDOR
EEHEBAILHACRD.)  BEREMENEET, E+EEREFELTEE. F-+=FF-—"BXEFEEL+=F. E=-+=
EEEICBEORETCRUE L+ EDOEMMFHISEETHENTHS &, (UTH)
F=5 (B

Br—&FME (8

BRIKDEX BIROANE
E3% % &1k :MPEG-2 TS
FAKFILES1KE11E BL{E 7551k : MPEG-2 X [£H.264|MPEG-4 AVC
E5% BEEHSL AACERS NEZD
E65 THEBRUAST—HEBOHSILARE TR ILIGE
EYES BEFRESOERERUETE ‘E @*?i_%ﬁit’é
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NEFEIRET CRVREAX LR, TORMEDREARERTE=MICRE I HHE2EHRERICHIEEAKICE

WFHHAZELD,

<EBETLEDIVHMEZEDS>BTUAILBGEIZETHEEDEEAHK >

FRHE ——tGHzZBA—Z-ZGHzUTDREKEBDEREERTHAHEEERMERETRANTITOESE
TLEDIVUME, BRMETLE Caviux, BEREMETLE DavBuE., BERBERVT—2BED
SHTUAILIGE

F_8 LeEEEARX [ERT0DBSHE]

FTHRE —Z-ZGHzFBA—Z-tAGHzUTOREEHDEREFERTIHERRBERERANTITIE
ETLEDaVE. BRFMETLE D aVEE ., BERHETLE DaiuX., BEIERERUNT—21uE
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EERHETLE IV BEDRE I+ —T v

AT 4320/P (8K) 2160/P (4K) 1080/P (2K) 1080/1 (2K)
TR IR E 7680 X 4320 3840 % 2160 1920 x 1080
TLU— LR (H2) 120, 119.88, 60, 59.94 60, 59.94 30, 29.97
T4—ILREIKE (Hz) — = 60, 59.94
®ER ITU-REE BT.2020 OO (EG 61609-0) et
FEIEESEK Y C gC" j(GEEEE) 4:2.0
FELERE VM 10 10, 8

XIBE L AT LIS SRMTHES IOSETBESHMETLE SV BE Y AT AICHYT HRIMHEHI1DSH
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